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ABSTRACT

Considering the devastating menace of gully erosion for which lithology is one amongst several other
agents that drives soil loss and gully erosion, Vertical Electrical Sounding (VES) and Electrical
Resistivity (ERT) techniques were adopted to investigate subsurface lithology in Iguosa gully erosion
site. PASI 16GL model resistivity meter was used in acquiring data for VES and ERT in the area
under investigation. VES data acquired were processed both qualitatively and quantitatively, and
geoelectric sections were generated using AUTOCAD software by combination of two or more
interpreted VES results along a profile. ERT data were processed using Res2dinv software to an
inverse model resistivity section. The geoelectric image generated were interpreted to obtain
lithology of the subsurface. The analysis and interpretation of the subsurface image reveals presence
of topsoil, sand, dry sand, clayey sand and coarse sand. The subsurface lithology within the study
location is predominantly sandy. The result obtained from the resistivity of all profiles shows that
erodibility increases with depth within this study area with corresponding high resistivity values.
Due to the fact that sand within the study area is loose coarse and silty, whilch can give rise to high
resistivity and causes erosion.
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INTRODUCTION speed at which it erodes. Lithology and rock
structure play a vital role in the development
of drainage network in any drainage basin. The
drainage patterns upon land surface develop
according to the underlying lithology and rock
structure (Sucheta and Vibhash, 2011).
Generally, soil loss and gully erosion in
particular are driven by lithology, climate
change, land use and land cover change
amongst many other factors (Omran et al.,
2019). It is found that most gullies occur in
unconsolidated materials, including colluvium
and alluvium, deeply weathered substrates or
aeolian deposits such as loosed formations
(Maerker et al., 2008; Frankl et al., 2012).

The global society exists and thrives upon the
earth’s surface. The raw materials for
economic activities and human existence are
derived from the subsurface such as rocks,
naturally occurring minerals and water found
in earth’s surface. It is important to consider
the geologic make up of an area in the
construction  of  buildings,  highways,
hydropower station and dams (Egbo and
Bright, 2020). Lithological mapping is
important  parameters  for interpreting,
identifying and mapping of minerals (Tripathi
et al., 2019). Lithological mapping in an area
defines the characteristic nature of rock types

and their associated formation. Since lithology
is concerned with the physical properties of
rock, the lithology of coastline affects the

Geophysical methods respond to the physical
properties of the subsurface media (e.g.,
electrical resistivity, density, porosity, seismic
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velocity, etc.) and can be applied successfully
when some physical properties in a region
differs sufficiently from another. One of the
many direct ways in which geophysical
investigation aids the general economy (e.g.,
natural resources, environmental remediation,
infrastructure,  renewable  energy and
agriculture) is in the delineation of subsurface
lithology or rock types (Ezomo and Ifedili,
2005). The use of geophysical techniques
continues to increase from the conventional
application in natural resource exploration to
civil engineering, rock mechanics, disaster
prevention,  environmental  preservation,
among others as a result of the geological
model that is generated from the geophysical
data (Takahashi et al., 2006; Knodel et al.,
2007).

The distribution of electrical resistivity within
the subsurface is delineated by injecting
current into the ground and measuring the
resulting potential difference V.
Conventionally, this is done either by profiling
which measures lateral variation of electrical
resistivity in the subsurface or vertical
electrical sounding (VES) which measures
vertical variation of resistivity. Electrical
resistivity tomography (ERT) technique is a
combination of profiling and VES which has
become the preferred choice for near surface
investigations. Subsurface cavities have also
been surveyed to assess the likelihood of
landslides in an area with the ERT (Panek et
al., 2010). Lithological classifications
obtained from integrated geophysical and
geological mapping of lithology and geologic
structures correlates well with drill logs
(Aning et al., 2019). Electrical resistivity
tomography was applied to investigate
subsurface soil electrical properties. This
effectively indicated two different lithology
with high resistivity in the top soil and low
resistivity below. High resistivity suspected as

pyroclastic deposit with a lot of volcanic rocks
fragment and the low resistivity suspected to
be volcanic deposit with high — saturated water
indicative of clay (Fattah et al., 2019).
Emenike and Chetty (2022) investigated the
internal structure and groundwater
characterization of a landslide site in Nanka,
Anambra State, Nigeria using resistivity
technique. The results of the study reveal that
the study area is mainly clayey and sandstone
formation with mostly low resistivity values
corresponding to the shale layers and
groundwater zones. Babaiwa and Airen,
(2021) used Electrical Resistivity
Tomography (ERT) to investigate erosion site
in Auchi Edo State Nigeria. The results
revealed that the subsurface is underlain by
topsoil, lateritic sand, sand and sandstone. The
high resistivity distributions above 1000 Qm
observed are indications of vulnerabilities of
the study area to erosion. Karim and Tucker-
Kulesza, (2018) carried out an investigation
using Electrical Resistivity Tomography in
predicting soil erodibility. The results of this
study reveal that an ER over 50 Qm has a 93%
probability of classifying the soil as high
erodibility.

The objective of this study is to map the
lithology in Iguosa and environs, using
Electrical Resistivity Tomography and
Vertical Electrical Sounding to gain a detailed
understanding of the continued gully erosion
menace in the study area.

Geology of the Study Area

The study area (Figure 1) occupies the
Southern part of Edo State which is underlain
by sedimentary formation whose geology falls
under Benin Formation of the Niger Delta
Basin. The formation consists of top reddish
clayey sand capping highly porous fresh water
bearing loose pebbly sands, sand and
sandstone with local thin clays and shale inter-
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beds which are considered to be of braided
stream origin. It is characterized by deposits
laid during Tertiary and Cretaceous periods
(Reyment, 1965). The Benin Formation
locally covered with Quaternary drift (loose
brownish sand) varies in thickness but attains
a maximum thickness of 6000ft (approx.
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1970m) near the sea shore. The sedimentary
rock contains about 90% of sand stone and
shale intercalations (Alile et al., 2011). Edo
State is situated in South-western part of
Nigeria. It is an important sedimentary basin in
Nigeria due to her closeness to the oil fields
within the Niger-Delta region.
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Figure 1: Map of Edo State showing the study area (Olatunji et al., 2014)

MATERIALS AND METHODS

The geophysical survey was carried out in
Iguosa gully erosion site located in Ovia North
East Local Government Area, with Longitudes
005° 36" 35.54" E to 005° 36' 38.63" E,
latitudes 06° 27' 07.18" N to 06° 27' 02.60" N
and elevation of 50 to 49 m. These coordinates
were obtained using Garmin 12 Global
positioning system (GPS). Schlumberger and
Wenner electrode configurations  were
employed for VES and ERT respectively. The

Schlumberger electrode—configuration was
employed with current electrode separation
(AB) varied from a minimum of 2 to 160 m. A
total of twelve (12) VES stations were
acquired. Wenner electrode configuration with
electrode spacing varied from minimum of
10m to 60m was employed. A total of four (4)
ERT traverses were acquired. Electrodes were
coupled with the ground using the hammer till
good contact was made to the ground. The
current and voltage electrodes were connected
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to the resistivity meter via the reels of electric
cables using alligator clips so as to ensure firm
and good connection. The investigation of
lithology was carried out by injecting current |
into the subsurface and the corresponding
values of the resistance were read off on the
PASI 16GL resistivity meter and recorded.
The cables were checked after each VES and
ERT data was acquired to ensure cables are not
damaged which can affect data quality.

Electrical Resistivity Tomography data
acquired was processed using Res2dinv
software and a 2D resistivity image for each
traverse was obtained which represents the
true subsurface resistivity. Vertical Electrical
Sounding data acquired were processed both
qualitatively and quantitatively. Partial curve
matching technique was used in the
interpretation of the depth sounding curves
quantitatively (Bhattacharya and Patra, 1968).
Accordingly, the VES data points were plotted
on a transparent paper. The partial curve
matching technique employed the use of a
standard two (2) layer master curves and four
(4) auxiliary type curves (H, K, A, and Q).
This procedure required segment-by-segment
curve matching starting from the position with
shorter electrode spacing and moving towards
those with longer spacing. The WinResist
software was adopted in the interpretation of

the survey data. VES curves were obtained
from the partial curve matching and then used
to constrain the interpretation by this computer
software. This invariably reduces
overestimation of depths in the curve
matching. The result of the computer iteration
quantitatively reveals the resistivity, thickness
and depth. Qualitatively, depth sounding
curves interpretation was carried out based on
individual geo-electric characteristics on the
number of layers represented by the four types
of the auxiliary curves (A, H, K, and Q) and
also from the profiles and maps involving the
inspection for patterns/anomaly signatures that
are diagnostic of the lithostrategraphy.
Geoelectric sections were generated using
AUTOCAD software by combining two or
more interpreted VES results along a profile.

Using these techniques, acquired data were
processed and the resistivity imaging were
interpreted geologically using the standard
resistivity values for rocks, minerals and
sediments from available literatures and also
using the knowledge of the local geology of
the research area.

RESULTS AND DISCUSSION

The results obtained from the interpreted VES
within the study area

Table 2: Summary of the interpreted VES results with inferred lithology

IGUOSA EROSION SITE
VES | LAYERS | RESISTIVITY | THICKNESS | DEPTH | CURVE TYPE LITHOLOGY
No (Qm) (m) (m)
1 1 223.0 0.7 0.7 A Topsoil
2 233.9 9.1 9.8 p1<p2<ps3 Sand
3 3551.8 Coarse Sand
2 1 175.9 0.6 0.6 HK Topsoil
2 90.2 5.6 6.3 p1>p2<p3>ps Clayey Sand
3 1783.4 10.0 16.3 Coarse Sand
4 792.6 Sand (Saturated)
3 1 137.2 0.7 0.7 AA Topsoil
2 156.0 4.8 5.5 p1L<p2<p3<ps Clayey Sand
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3 326.4 15.0 20.5 Sand

4 2138.1 Coarse Sand
4 1 3232.7 0.8 0.8 HA Topsoil

2 631.9 6.5 7.3 p1>p2<p3<ps Sand

3 1659.9 195 26.8 Sand (Dry)

4 5903.3 Coarse Sand-
5 1 2512.2 0.6 0.6 HK Topsoil

2 818.5 4.7 5.3 p1>p2<p3>ps Sand

3 4117.3 13.8 19.1 Coarse Sand

4 736.4 Sand (Saturated)
6 1 1440.8 0.6 0.6 HK Topsoil

2 475.1 4.1 4.8 pL> p2<p3s>ps Sand

3 2804.9 17.7 22.4 Coarse Sand

4 549.3 Sand (Saturated)
7 1 116.3 0.6 0.6 HA Topsoil

2 84.4 4.6 5.2 p1>p2<p3<ps Clayey Sand

3 306.5 15.0 20.2 Sand

4 908.8 Sand
8 1 78.6 0.6 0.6 HA Topsoil

2 47.4 3.1 3.8 p1>p2<p3<ps Clay

3 286.8 17.7 21.5 Sand

4 2693.7 Coarse Sand
9 1 118.3 0.6 0.6 HA Topsoil

2 73.3 4.0 4.6 p1>p2<p3<ps4 Clayey Sand

3 388.8 15.2 19.8 Sand

4 4173.5 Coarse Sand
10 1 576.6 0.5 0.5 HA Topsoil

2 100.7 2.4 2.9 p1>p2<p3s<ps Clayey Sand

3 1095.5 20.4 23.3 Sand (Dry)

4 2326.5 Coarse Sand
11 1 906.8 0.8 0.8 HA Topsoil

2 229.0 4.8 5.6 p1>p2<p3<ps Clayey Sand

3 601.2 13.8 19.3 Sand

4 2026.5 Coarse Sand
12 1 3208.0 0.8 0.8 HA Topsoil

2 689.9 7.1 7.9 p1>p2<p3<ps Sand

3 1070.5 145 22.4 Sand (Dry)

4 9328.3 Coarse Sand

By combining two

generated.

or more interpreted VES stations from Table 2, the goelectric sections were
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Figure 10: Geoelectric Section for VES 1 to 6.
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Figure 11: Geoelectric Section for VES 7 to 12.

The results from the VES (1 to 12) shows that the subsurface reveals three to four geoelectric layers
which is underlain by the topsoil, clay, clayey sand, coarse sand, dry sand, saturated sand and sand
(Figures 10 and 11). The topsoil is characterized by resistivity values ranging from 78.6 to 3208.0
ohm-m and layer thickness of 0.5 to 0.8 m. The second horizon connote clay, clayey sand and sand
with resistivity values ranging from 47.4 to 818.5 ohm-m and layer thickness of 2.9 to 9.1 m. The
third layer is representative of sand, dry sand and coarse sand having resistivity values ranging from
286.8 to 4117.3 ohm-m. The fourth substratum is diagnostic of sand, coarse sand and saturated sand
with resistivity values ranging from 549.3 to 9328.3 ohm-m but their layer thickness could not be
determined because the current terminated with in the region. High near-surface resistivity values of
the resistivity structures are indicative of dry and unconsolidated geologic earth materials which are
highly erodible (Karim and Tucker-Kulesza, 2018; Karim et al., 2019). The near-surface along VES
4,5, 6 and 12 are thus suspected to be prone to erosion due to distributions of the high resistivity
values. The coarse sand and dry sand, are due to its localized and unconsolidated nature which can
also cause erosion (Figures 10 and 11).
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2-D Resistivity Section along Traverse 1 — 4.
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Figure 12: 2-D Electrical Resistivity Structure Along Traverse (1 to 4).

The 2D resistivity subsurface image along
traverse 1 to 4 (Figure 12) delineates two to
three geoelectric zones marked by varrying
resistivity values ranging from 11.4 to 365944
ohm-m and indicated by the different color
ranges which are representative of topsoil,
clay, clayey sand, dry sand and sandstone. The

topsoil has resistivity value ranging from 128
ohm-m 473 ohm-m. The clayey sand has
resistivity values ranging from 71.6 to 295
ohm-m. The dry sand has resistivity values
ranging from 1215 to 24100 ohm-m while the
clay has resistivity values of 11.4 to 31.9 ohm-
m. The saturate sand has resistivity values
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ranging from 472 to 756 ohm-m while the
sandstone has resistivity values of 37469 to
365944 ohm-m. The resistivity information
along this profile shows that the erodibility
increases with depth within this study area.

BH LOG

The high near-surface resistivity values of the
resistivity structures are indicative of dry and
unconsolidated geologic earth materials which
are highly erodible (Karim et al., 2019).
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Figure 13: Borehole Log Around the study area

CONCLUSION

The subsurface lithology in Iguosa has been
delineated by adopting Wenner array
configuration of electrical resistivity methods.
Data acquired from each traverse in the area
under investigation were processed using
Res2dinv software. The geoelectric imaging
generated were interpreted to obtain lithology
of the subsurface. The analysis and
interpretation from subsurface imaging reveals
presence of topsoil, dry sand, saturated sand,
clayey sand and coarse sand. The subsurface
lithology within the study location is
predominantly sand and shows erodibility of
soil within the study area. The 2-D resistivity
images also revealed that the resistivity
increases with depth within the study area.

The study showed that erosion with intense
scouring because of the high resistivity values
near the surface and beneath the subsuface
geology. The scouring depth ranges from 0 to
2 mand 12 — 31.9 m respectively. From this
study it was determined that geoelectrical
methods can be used to identify areas prone to
erosion, so that authorities can use the
information provided to take immediate action
to stop or quell this threat.
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