1.

Journal of Energy Technology and Environment Vol. 6(1) 2024 pp. 1 - 9 ISSN-2682-583x

Journal of Energy Technology and Environment '

Journal homepage: www.nipesjournals.org.ng

Application of 2D Electrical Resistivity Tomography (ERT) for the
Assessment of Sulphide Mineral Occurrences. A Case Study of Nkarasi,
Ikom, Cross River State, South-South, Nigeria.

John Osariere Airen* and Peacy Sunny lyere
Department of Physics, Faculty of Physical Sciences, University of Benin, Benin City, Nigeria
*Corresponding Author Email: osariere.airen@uniben.edu (+234-803-959-1347)

Article information

Abstract

Article History

Received: 1 January 2024
Revised: 28 January 2024
Accepted: 3 February 2024
Available online: 15 March 2024

Keywords:
sulphide, geoelectric, wenner, mineral
exploration, sandstone

OpenAlRE

https://doi.org/10.5281/zen0do.10822982

https://nipesjournals.org.ng
© 2024 NIPES Pub. All rights reserved

The Electrical Resistivity Tomography (ERT) technique adopting
Wenner electrode configuration was carried out at Nkarasi, Ikom
in Cross River State, Nigeria with the aim of locating sulphide
mineral occurrences within the study area. Six 200 m long 2D
profiles were occupied within the site and a total depth of about
39.6 m was probed. The data were inverted using the finite
element method. This process yielded 2D electrical tomograms
along all the profiles. The result of the investigation showed that
broadly, a maximum of three geoelectric zones could be
delineated to the depth of investigation. These include the
overburden material, weathered/fractured sandstone and fresh
sandstone zones. The target of the investigation is the fractured
zone which can serve as the mineralized zone within the study
area. The interpretation of the result indicated that almost all the
resistivity structures identified weathered/fractured zones along
the profiles. This result showed that the study area has great
prospects for hosting the suspected sulphide mineral. In addition
to this, the result showed that the adopted technique/method is
appropriate for the preliminary mineral exploration activities
within the study area and any other area having similar geology.

Introduction

The earth's subsurface is made up of different geologic materials occurring at various depths.
Geophysicists use geophysical techniques to investigate the surface by making physical
measurements at the surface. They use these measurements to map subsurface rocks and their fluids
at all scales and describe the subsurface rocks in physical terms, i.e., velocity, density, electrical
resistivity, magnetism, etc. [1].

With the expansion of technology around the world, the quest for minerals is taking centre stage. In
this setting, “Minerals” can allude to distinctive shake sorts and dregs but more likely commodities
such as gold, copper, press etc. In expansion to the nonstop request from “normal” worldwide
improvement, driven by extending communities and the related increase in framework and shopper
merchandise, there are frequent spikes in requests to cover sudden development ranges.
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Mineral resources can be described as beneficial subsurface features whose natural habitat is the
earth. They include solid metallic minerals such as, iron ore, zinc etc., solid non-metallic minerals
like limestone, marble etc., liquid minerals such as oil, water etc., and gaseous minerals like gasses
in buried cavities. Mineral exploration has been in existence for a long time. Its method, however,
had been only drilling using percussion bits [2]. This posed a lot of risks as explorers could easily
and ignorantly get exposed to dangerous materials underground. Also, it was uneconomical since
the decision as to where to drill was taken like a gamble because there was no prior information
about the actual location of the concealed mineral before drilling. Later, in the early years of the
twentieth century, the continued efforts by explorers to look for more effective, less risky and more
economical techniques of sub-surface exploration led to the advent of geophysical exploration [2].
The application of different geophysical techniques in mineral exploration has yielded mixed
results, as it depends on the contrast in the physical properties of the target zones and host rocks [3];

[4]; [5].

Electrical Resistivity Tomography (ERT) is the most commonly used geophysical method for
imaging subsurface features and mapping geological variations. It can detect subsurface sulfide
mineral distribution by studying the nature of the flow of electricity in the earth, for being uniquely
able to see a large range of magnitudes which can vary up to 20 orders [6]. This method can delineate
the various sources of mineralization according to their types [7]. The resistivity method is used to
map spatial variations in subsurface electrical conductivity, while the induced polarization (IP)
method is used to map changes in chargeability.

Electrical resistivity imaging (ERI) is frequently used in imaging subsurface structures and
processes [8]; [9]. It has been successfully applied in soft rock exploration [10]; [11], [12], where
Electrical resistivity imaging (ERI) data allowed for a detailed characterization of the deposits,
superior to what could have been achieved using conventional tools, and hence improved resource
estimates. However, its application in hard rock exploration has been limited so far due to the
difficulty of achieving good galvanic coupling of electrodes with very resistive surface materials.
Examples indicating that Electrical resistivity imaging (ERI) electrode arrays can operate effectively
in resistive environments have been shown mainly in permafrost studies, where ERT has been used
to image permafrost degradation within rock masses [13], [14]; [15]; [16]; [17], [18] ; [19]; [20],
but also in urban and tunnel engineering problems [21]; [22]; [23],[24]. Similarly, [25] used cross-
borehole electrical resistivity to image solute transport along fractures and bedding planes in a
limestone quarry.

Electrical resistivity imaging (tomography) is a method by which 2D images of subsurface
resistivity distribution are generated [26]. With this method, features with resistivity properties that
differ from those of the surrounding material may be located and characterized in terms of electrical
resistivity, and depth of burial. The electrical resistivity tomography is carried out by using
computer-controlled measurement systems connected to multi-electrode arrays.

The study area Nkarasi community, lkom Local Government area of Cross River State has been
seen with the presence of outcrops over the years. Identifying potential sulphide minerals deposits
that are essential for industry and economic growth of the nation, the study area (virgin area) was
selected for geophysical investigation. Also, the presence of some sulphide minerals in the form of
outcrops that are sparsely distributed in the study area during the reconnaissance survey formed part
of the motivation for this research, hence, this informed the application of 2D resistivity imaging to
evaluate the Sulphide deposit in the study area and also to determine the lateral extent of the sulphide
deposit. This was chosen because it has proven successful in identifying sulphide deposits, on the
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basis of the resistivity contrast that exists between sulphide/iron ore deposits and surrounding
formation within the study area [27].

1.1 Location and Geology of the Area

Nkarasi community, lkom Local Government area of Cross River is located on longitudes 008° 42'
08.52" E to 008° 42' 18.9" E and latitudes 06° 17' 08.9" N to 06° 06' 23.7" N. The study area has a
minimum elevation of 124 m and a maximum elevation of 130 m. Like most parts of southeastern
Nigeria, the study region is characterized by a tropical climate having distinct alternating dry and
wet seasons. According to [28]; [29], the area is associated with warm temperatures that range
between 26 °C to 32 °C and a bimodal rainfall pattern averaging approximately 2,300 mm annually,
while the annual mean daily relative humidity and evaporation is in the range 76 — 86% and 3.85
mm/day respectively. Moist, evergreen forest-type vegetation exists in unaltered areas, while herbs,
shrubs and few trees are cultivated in the altered portions of the area. Thick, riparian forest fringes
most streams of the area. The geological map of the southern Cross River is shown in Figure 1. The
topography of the area is typified by plains under 150 m above sea level which dominates the land
surface of the area. In terms of sediments, the study area is underlain by Cretaceous Sedimentary
rock deposits, comprising sandstones, limestones, marlstones and shales [30].
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Figure 1. Geological map of southern cross river [31].

2. Materials and Methods

Electrical resistivity techniques have over the years being employed for measuring the true
resistivity of the subsurface. Ground apparent resistivity is related to various geological parameters
such as mineral and fluid content, porosity and degree of water saturation present in rock.
Resistivity-related investigations are conducted by passing current into the subsurface using two

3



John Osariere Airen & Peacy Sunny lyere/ Journal of Energy Technology and Environment
6(1) 2024 pp. 1-9

current electrodes, while the ground response i.e., the potential difference is measured using two
inner electrodes called potential electrodes. To investigate the subsurface for sulphide mineral
exploration, it is best to employ the electrical resistivity method.

The common electrode array used in resistivity includes Wenner array, dipole-dipole array,
Schlumberger array, pole-pole array and gradient array.

For this study, six (6) 2D traverses were acquired using the Wenner array configuration. This
electrode configuration was well suited for constant separation data acquisition so that many data
points could be recorded simultaneously for each current injection. Measurements were made at
sequences of electrodes at 10, 20, 30, 40, 50 and 60 m intervals using four (4) electrodes spaced 10
m apart with a maximum length of 200 m each. RES2DINV software was used for the inversion of
the 2D apparent resistivity data. RES2DINV is a powerful 2D inversion software for ERT and IP
data. The software offers a simple workflow from data import to inversion and visualization, while
still offering full control over inversion parameters for advanced users. The software is designed to
interpolate and interpret field data of electrical geophysical prospecting of electrical resistivity and
induced polarization. The inversion of the resisitivity and IP data is conducted by the least-square
method involving finite-element and finite-difference methods.The field data pseudo section and
the 2D resistivity structure were produced after running the inversion of the raw data to filter out
noise.

3. Results and Discussion

The resistivity image developed along traverse one is represented in figure 2 below. The profile
stretches over 200 m horizontal distance and a depth of investigation of about 39.6 m was
investigated. The lowest resistivity along the profile is < 5.14 ohm-m and a maximum resistivity of
about 5863 ohm-m was obtained. Three subsurface lithologies were identified on the resistivity
structure. The first extends from the surface to about 12.8 m across the profile. This is the
overburden material. The resistivity distribution ranges from 38.4 — 5863 ohm-m. The second
subsurface material is designated as the fractured sandstone. It showed very low resistivity values
from as low as < 5.14 ohm-m to about 38.4 ohm-m. The last major geoelectric layer is suspected to
be fresh sandstone with resistivity ranging from about 38.4 — 287 ohm-m. The fractured zone of the
sandstone could host the Sulphide mineral.
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Figure 2. 2D along Traverse 1
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The resistivity structure generated along traverse two is represented as shown in figure 3. The profile
Is 200 m long and a depth of about 39.6 m was probed. The lowest resistivity along the profile is <
0.431 ohm-m and a maximum resistivity of about 348 ohm-m was recorded. The subsurface beneath
the profile could be broadly divided into two zones composing of the overburden material (51.4 —
348 ohm-m) which extended to a maximum depth of about 25 m in places. The second division is
the weathered zone with resistivity values ranging from 2.92 — 51.4 ohm-m. The first extends from
the surface to about 12.8 m across the profile. This is the overburden material. The resistivity
distribution ranges from 38.4 — 5863 ohm-m. The second subsurface zone showed widely varying
resistivity regions which indicated high level of weathering. This zone could play host to the
sulphide mineral.
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Figure 3. 2D along Traverse 2

The ERT image generated over traverse three (figure 4) is 200 m long with a depth of investigation
reaching about 39.6 m. The resistivity value obtained within this resistivity structure shows a range
< 10.3 - 322 ohm-m. The subsurface beneath the profile could be broadly divided into two zones.
The first zone extends from 0 — 80 m along the profile. Its resistivity falls between 10.3 27.5 ohm-
m. This is suspected to be a fracture/weathered region. The second division with resistivity values
ranging from 44.9 — 322 ohm-m is thought to be composed of sandstone which is suspected to be
the country rock within the study area. The fractured/weathered zone could be further investigated
as this could play host to the sulphide mineral.
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Figure 4. 2D along Traverse 3
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The resistivity image developed along traverse four is represented in figure 5 below. The profile
stretches over 200 m horizontal distance and a depth of investigation of about 39.6 m was
investigated. The lowest resistivity along the profile is < 1.50 ohm-m and a maximum resistivity of
about 1000 ohm-m was obtained. Two geoelectric zones could be identified beneath the profile. The
first extends from the surface to about 0 - 120 m across the profile. This is suspected to be
weathered/fractured sandstone region. The resistivity distribution ranges from 1.50 — 61.6 ohm-m.
The second subsurface material is designated as the fresh sandstone. It showed resistivity values
from 156 ohm-m to about 1000 ohm-m. The fractured zone of the sandstone could host the Sulphide
mineral.
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Figure 5. 2D along Traverse 4

The resistivity image developed along traverse five is represented in figure 6 below. The profile
stretches over 200 m horizontal distance and a depth of investigation of about 39.6 m was
investigated. The lowest resistivity along the profile is < 11.5 ohm-m and a maximum resistivity of
about 548 ohm-m was obtained. Three subsurface lithologies were identified on the resistivity
structure. The first extends from the surface to about 12.8 m across the profile. This is the
overburden material. The resistivity distribution ranges from 60.2 — 548 ohm-m. The second
subsurface material is designated as fractured sandstone. It showed a very low resistivity values
from as low as < 11.5 ohm-m to about 34.6 ohm-m. The last major geoelectric layer is suspected to
be fresh sandstone with resistivity ranging from about 105 — 315 ohm-m. The fractured zone of the
sandstone could host the Sulphide mineral.
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Figure 6. 2D along Traverse 5
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The resistivity structure generated along traverse six is represented as shown in figure 7. The profile
is 200 m long and a depth of about 39.6 m was mapped. The lowest resistivity along the profile is <
6.61 ohm-m and a maximum resistivity of about 508 ohm-m was recorded. The subsurface beneath
the profile could be broadly divide into three zones composing of the overburden material (6.61 —
508 ohm-m) which extended to a maximum depth of about 12.8 m in places. The second division is
the weathered sandstone with resistivity values ranging from 45.2 — 85.9 ohm-m. The last major
geoelectric layer is suspected to be fresh sandstone with resistivity values ranging from about 85.9
— 163 ohm-m. The second subsurface zone showed varying resistivity regions which indicated high
level of weathering. This zone could play host to the sulphide mineral.
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Figure 7. 2D along Traverse 6

4, Conclusion

A geophysical investigation involving electrical resistivity tomography (ERT) has been carried out
at NKkarasi, Ikom local Government, Cross-river State with the aim of locating Sulphide mineral
occurrences within the study area. 2D Wenner array was adopted for the investigation. Six 2D
profiles were occupied. The total length of the profiles was 200 m and a depth of 39.6 m was
investigated. A maximum of three geoelectric zones including the overburden material,
weathered/fractured zone and the fresh sandstone zones were identified. The result of the study
showed that almost all the tomograms mapped weathered/fractured sandstone zones. This fractured
zone could serve as a host for the mineral of interest. In addition, the result also showed that the
adopted technique is very appropriate for preliminary mineral exploration work.
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