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Introduction

Generally and globally, soil erosion is considered as 
detachment and transportation of soil by either gravity, 
ice mass, running water and wind. Whether it has led to 
sheet, rill or gully form of erosion (Okeke and Enwelu, 
2010), it is commonly known as accelerated 
phenomenon of detached soil movement by either 
water, wind or other agents and their deposition 
elsewhere (Onyeagocha, 2003).

Soil erosion is a worldwide issue which commonly 
results to loss of lands and its resources. Its impact leads 
to decrease in land productivity hence to adverse 
socioeconomic values in the environment. Other 
impacts of soil erosion include; loss to farm lands or 
degradation of agricultural lands, threat to vegetation, 
biodiversity loss, pollution of water, adverse effects on 
property, threats or loss of lives, separation of villages 
and cities, deformation of landscapes (  et al. 
2014; Okengwo et al. 2015). 

The impacts of gully erosion in Nigeria are enormous 
and similar to that obtainable elsewhere in the world. In 
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south-eastern Nigeria, its greatest threat to the 
environmental settings has led to gradual but steady 
dissection the landscape at over 1000 sites where they 
have occurred. In Nigeria, gully forms of erosion are the 
most visible in Nigeria because of the remarkable 
impression they leave on the surface of the earth. 
Particularly, more than 1.6% of the entire land areas of 
eastern Nigeria are currently occupied by gullies 
(Ofomata, 1975). The surface and groundwater in SE 
Nigeria are slightly acidic, thereby facilitating the 
decomposition of the cementing Earth materials capable 
of binding the rock particles together hence, making 
them vulnerable to running water erosion by mass 
wasting and excess runoff (Egboka and Okpoko, 1984). 
Previous surveys showed that significant gully erosion 
sites were found at areas with maximum population 
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density of about 500 persons per km  in Nigeria 
suggesting that its causative activity is less 
anthropogenic. Thus for over four decades ago, classical 
gully sites in southeastern Nigeria were those at Agulu, 
Nanka, Ozuitem, Oko, Isuikwuato and Orlu. Most of 
them owing to the geology of the area are characterized 
by weakly or friable sediments of Nanka and Ajali 
sandstone formations (Nwajide 2013).

Abstract
The shallow subsurface horizons at vicinity of Oko-Nanka prominent gully erosion site in Niger Delta Basin were 
surveyed. Using two-dimensional electrical resistivity tomography (2DERT) geophysical technique, the survey was 
aimed at inferring the stability gully's wall and its surrounding for engineering development. The 2DERT was carried 
out along accessible survey lines laid parallel and perpendicular to the flanks of the gully. Apparent resistivity data 
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collected ranging from low to high resistivity (1.22 to 1.0 x 10 Ùm) were processed using modelling software namely 
Res2DInv version 3.56 hence, 2DERT models obtained with the registered data. The tomographic models obtained 
show that the gully erosion site is predominantly characterized by unconsolidated earth materials. Holistic 
interpretation unveils the fact that weak formations such saturated sand, sandy clay and some consolidated soil 
occurrences at various depths predominates the gully site. Based on resistivity model values, the Oko and Nanka 
flanks were noticed to bear significant contrast comparatively Oko-flank bearing lower resistivity range. The  land-
sliding tendency was found to be lower at Nanka side of the gully compared Oko flank of it. Predominantly, 
differential saturation was observed to be more across the profiles surveyed at the Oko side compared with those at the 
Nanka side of the gully site. The variations the 2DERT models resistivity values have provided useful information for 
measures of various civil engineering constructions and superstructures at the Oko-Nanka gully vicinity.

Keywords: Horizontal stress change and rotation, fault friction, reactivation, induced seismicity .

Journal of Mining and Geology Vol. 58(1) 2022. pp. 1 - 13

1

0022-2763

http://gw-chimie.math.unibuc.ro/anunivch/2006-2/AUBCh2006XV21519.pdf


Journal of Mining and Geology Vol. 58(1) 2022.2

The Study Area and Site

The study area is located between latitudes 6°00'N - 
6°08'N and longitudes 7°00'E – 70'10'E. The gullies in 
the area occur at about 350 m above mean sea level. It 
belongs to humid tropical rainforest region with guinea 
Savannah Belt of Nigeria. It experiences two major 
climate variations, the rainy and dry season. The 
vegetation of the area is within the West African 
rainforest belt although many parts have been subjected 

to severe deforestation due to anthropogenic activities. 
Geologically, the study area (Figure 1) lies within the 
Niger Delta Sedimentary Basin and underlain by Nanka 
Formation; an unconsolidated sand deposits forming a 
part of the lower Eocene deposits of Southeastern 
Nigeria. The Nanka Formation is underlain by marine 
Imo shale of Paleocene age. The Formation is overlain 
by the paralic Ogwashi-Asaba Formation of middle 
Eocene age (Offodile, 2002).

Fig. 1: Map of the Study Area (Modified after Okengwo et al. 2015)
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Fig. 2: Oko-Nanka Gully Site Showing Some Endangered Buildings

unstable equilibrium of angle over  80° to the 
horizontal. The gully site flanks two cities which are 
both in Orumba-South of Anambra state, southeastern 
Nigeria. Figure 2 shows the prominent gully site and 
some endangered buildings at its vicinity.

The gully erosion hazard devastating the physical 
ecology of large part of southeastern Nigeria has 
remained. Particularly, Oko-Nanka gully site occurs at 
the boundary of the Nanka and Oko cities. Moreover the 
inclination of the Oko flank is emplaced with extreme 
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surveyed. The lengths and orientations are listed in 
Table 1. Field Instruments used for the survey includes 
ABEM Terrameter (SAS100/4000), ABEM Electrode 
Selector (ES464), 42 steel electrodes, cables and other 
Accessories. Profiles 1-4 all located at Nanka flank of 
the prominent gully site while profiles 5-6 are located at 
Oko flank of the gully site.

Materials and Methods

The 2DERT was carried out at the vicinity of the 
prominent gully site flanking Oko and Nanka cities in 
Anambra State. Six accessible survey lines given 
identities of P1, P2, P3, P4 P5 and P6 at various 
locations off the boundary walls of the gully were 

Table 1: Geographical Locations of the Profile Lines

Fig. 3: Profile Lines and Direction of the Gully, Google Earth, 2020



Journal of Mining and Geology Vol. 58(1) 2022. 5

measured point in the subsurface, the geometric factor 
for Wenner configuration (Figure 3) can be determined 
by considering the configuration as shown in Figure 4 
below.

Wenner configuration of geophysical electrical 
resistivity method was used as the protocol of profiling 
during the survey. The array was applied for 
measurements for tomography survey for faster 
coverage of the site. With four electrodes for each 

Fig. 4: Schematic Diagram of Wenner Configuration 

parallel to the strike of the valley of the gully identified 
as P1 (Roll along) and  P2, and four profile lines the at 
Oko flank identified as  p3, p4, p5 and p6. Profiles 2 and 
3 were laid at 120 m distance, profile P1 were measured 
at 400 m, profiles P4 and P5 were measured at 120m and 
100m respectively while profile P6 were measured at 
200 m. A total of 42 electrodes were used for setting out 
each profile at unit electrode spacing of 5 m. The ABEM 
Terrameter SAS4000 and electrode selector ES464 
were networked at the midpoint of the layout. These 
were connected to multi-electrodes system via two 
cable reel. The electrode selector serve as interface 
between the electrodes and the ABEM Terrameter 
which was powered by a 12 Volts External Accumulator 
for the entire system.

Readings were taken and all raw data were saved with 
file format extension name .S4K format which is 
automated in the Terrameter. All raw data were 
transferred to a portable computer using an ABEM 
utility software. They were converted to data with file 
extension name .DAT format which is a suitable format 
for pseudosection plotting. With the aid of Res2DInv. 
Software, 2D models of pseudosections were generated 
as tomograms for each of the profile lines surveyed.

Based on the geometric factor given as:

                                                 .................................(1)

Wenner array used is defined by electrode spacing "a" 
such that; r1 = a = r4 and r2 = 2a = r3

Therefore,

         .....................(2)

Hence, the simple relationship between apparent 
subsurface resistivity, current flow and potential 
difference is:

                           .......................................................(3)

where ñ = apparent resistivity , V = potential 
difference and I = current flow.
The 2D electrical resistivity tomography, a technique 
using multi electrodes, was carried out in this at the 
gully's vicinity. The survey was carried out during dry 
season in order to have uniformity in the necessary 
precautions taken. Six profile lines were mapped out for 
measurement at the vicinity, two profile lines were laid 
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Fig. 5a: 2D Resistivity Inversions Tomogram of Profile P1 parallel to the Strike of the Gully Erosion Site (Obtained using Roll-along 2DERT 
Survey Technique).

Figure 5a shows the 2D resistivity inversions tomogram 
of Profile 1 (P1) parallel to the strike of the Gully 
Erosion site. It is a roll-along tomogram covering the 
survey line distance of distance of  400m and trending 
NE-SW located at about 2m away from the strike of 
Nanka flank of the Oko-Nanka gully site. The 
tomogram is generated at the 3rd iteration with an 
average RMS of 10.2% a depth extent of 31.3 m. The 
resistivity range is between 91 and 1,103,421 Ùm. The 
region labeled X at lateral distance of about 1- 280 m 
through its imaged depth extent. The region labeled Y 
consists of relatively high resistive materials which 
having sharp contrast with zone X via a gradational 
increase at zone A. Generally, the tomogram is inferred 
as clay material (1-100 Ùm), sandy-clay (40-300 Ùm) 
and sandstone (1-5000 Ùm)

Results and Discussion

The data inversion models were obtained using 
Res2DInv version 3.56 Software. Two-dimensional 
resistivity model tomograms were obtained for each 
profile lines surveyed. The software iteratively 
obtained, the calculated and inverse models of 
Resistivity Pseudosections used displayed for the six 
survey lines. Based on data obtained from the survey, 
the inverse tomographic models of geoelectric sections 
the length of spread (m) and depth of probe (m). The 
various colour display on the tomograms show 
distinguished soils and rocks variations based on their 
resistivity range. Figures 4a to 4f show the results of the 
2D electrical resistivity inversions tomograms obtained 
from the six profiles.
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Figure 5b is a 2D resistivity inversions tomogram of 
Profile 2 (P2) oriented perpendicular to the strike of the 
Gully Erosion Site. It represents the 2DERT of Oko-
flank of the Oko-Nanka erosion site trending SE-NW. 
The tomogram was generated at the 3rd iteration and 
RMS value of 9.8%. Lateral distance of 164 m was 
covered and depth of 25.0 m was depicted. Resistivity 
range is about 270-37,700 Ùm. This feature of the 

tomogram suggests non gradational intercalation of 
relatively high resistive boulders such as A flanking a 
suspected fractured zone. The topsoil is covered mostly 

3
with shale (20 – 2 x 10  Ùm) sandy-clay (40-300 ? m) 

3 
and sandstone (8 – 4 x 10 Ùm) based on the geology of 
the area. The Zone labelled X and Y are inferred fracture 
zones.

Fig. 5b: 2D Resistivity Inversions Tomogram of Profile P2 perpendicular to the strike of the Gully Erosion Site.
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with that of P2 with a more obvious contrast between the 
inferred boulders such as relatively high resistive A 
flanking and inferred fracture B. The side X in the 
tomogram is inferred as unstable region of saturated 
soil; clay (1-100 Ùm) and sandy clay ((40-300 ? m) 
based on the geology of the area. The side labelled Y 
consists of relatively high resistive materials of possible 
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sandstone (8 – 4 x 10 Ùm) and shale (20 – 2 x 10  Ùm).

Figure 5c is 2D resistivity inversions tomogram of 
Profile 3 (P3) 164 m long and parallel to the strike of the 
Gully Erosion Site. It is also a representation of the Oko 
flank of the Oko-Nanka erosion site, trending in NE-SW 
direction. The tomogram was generated at the 3rd 
iteration with average RMS error of 14.2%. The 
tomogram has depth extent of 25 m characterized by 
very low resistive materials of resistivity range of about 
1 – 5600 Ùm. The tomogram P3 show some similarity 

Fig. 5c: 2D Resistivity Inversions Tomogram of Profile P3 parallel to the strike of the Gully Erosion Site.
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having its highest heterogeneity at top soil. The model 
soil formation of the tomogram comprises sandy-clay 
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((40-300 ? m), shale (20 – 2 x 10  Ùm) and sandstone (8 

3 
– 4 x 10 Ùm) based on their resistivity values and 
geology of the area. The high resistive zone labelled A; 
having a dyke-like feature have flanked by two 
lineament of gradual resistivity decrease.

Figure 5d shows the 2D electrical resistivity tomogram 
perpendicular to the Oko-Nanka erosion site at the Oko 
side of it, trending NW-SE. The tomogram was 
generated at the 3rd iteration with an average RMS error 
of 8.3%. The tomogram's dimension is 120 m lateral 
distance by 18.8 m depth. It is characterised by 
resistivity values in the range of about 300 – 68,500 Ùm 

Fig. 5d: 2D Resistivity Inversions Tomogram of Profile P4 perpendicular to the strike of the Gully Erosion Site.



Fig. 5e: 2D Resistivity Inversions Tomogram of Profile P5 Parallel to the strike of the Gully Erosion Site.
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tomogram shows intercalation of soils materials of both 
high and low resistivity values situated at different 
depths and distances which characterized by clay (1-100 

3 3
Ùm), sandstone (8 – 4 x 10 Ùm), shale (20 – 2 x 10  Ùm) 
and sandy-clay (40-300 ? m) based. The zones labelled 
X and Y are suspected fractures in the tomogram.

Figure 5e shows 2D the offset apparent resistivity 
tomogram for as trending SE-NW and parallel to the 
strike of the erosion site. The tomogram was generated 
at the 3rd iteration with an average RMS of 24.4%. It is 
dimensioned 100 m by 15.6 m and characterised by 
resistivity range of about 38 - 74,500 Ùm. The 
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Ùm), clay (1-100 Ùm) and sandy-clay (40-300 ? m). 
The lower horizons of the tomogram labelled X and Y 
are characterized by suspected lineament of topsoil 
surface fractures. The lowermost delineated zone 
labelled B is relatively high Resistive formation at 
depths having its undulating synclinal top labelled Z 
interpreted as suspected consolidated lateritic 
formation.

Figure 5f shows a 2D resistivity tomogram for a survey 
line P6 carried Perpendicular to the Strike of the erosion 
site trending in SE-NW direction. The tomogram was 
generated at the 3rd iteration with an average RMS of 
13.6%. The 2D tomogram's size is 200 m by 17.6 m 
predominantly characterized by Resistivity range of 
about 13 to 57, 200 Ùm. From the tomogram's top soil 
down to a depth of about 10 m labelled A comprises 
saturated soil such as weathered lateritic soil (32-1961 

Fig. 5f: 2D Resistivity Inversions Tomogram of Profile P6 perpendicular to the strike of the Gully Erosion Site.
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formations and the differential consolidation of rock 
types all modelled from the 2DERT tomography 
suggested the poor stability level of the gully site. 

Conclusions

Two-dimensional Electrical resistivity tomogram 
applied in delineation of Oko-Nanka gully erosion site 
vicinity has display high resolution models of the site's 
shallow subsurface. The six survey lines occupied at the 
gully's vicinity based on attainable and accessible 
locations were found found as good representation for 
plausible survey conclusions. The interpreted survey 
results showed that the model lithologies of the area are 
majorly loose soil materials. Top layer fractures and 
other fractures at depths were shown; hence poses 
uncertain level of high risk at the site.  The clay, shale 
and sandstone which are soil materials predominant at 
the gully's vicinity noted to be principal causative of the 
gully failure; this is in agreement with the geology of the 
area.  Comparatively based on resistivity model values, 
the Oko and Nanka flanks were noticed to bear some 
contrast: the Oko-side of it generally bearing lower 
resistivity range. Therefore land-sliding tendency 
would be lower at Nanka side of the gully compared 
Oko side of the gully. Predominantly, differential 
saturation was observed to be more across the profiles 
surveyed at the Oko side compared with those at the 
Nanka side of the gully site. Thus the results unveil the 
fact that it is safe to avoid heavy or high-rise 
superstructure(s) at the Oko-Nanka gully vicinity.  
Further investigation of the soil formations and soil 
creep velocity models could be adopted as confirmatory 
tests and surveys using geotechnical and landslide 
monitoring measures respectively. These are vital tools 
for proactive civil engineering constructions at the Oko-
Nanka gully site.

The results of the 2DERT models measurements from 
the gully area have generally shown Resistivity range of 
about 1.00 to 1,1834,21 Ùm. The various kinds of soil 
formations at the site's near subsurface based on the 
geology of the area, standard resistivity values and 
previous related works in the study area were have been 
interpreted. The inferred lithologies at the site were 
observed from the 2DERT survey lines show that the 
vicinity of the gully site is predominantly characterized 
by unconsolidated loose soil formations. The 
formations are principally clay (1 -100 Ùm), sandstone 
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(8 – 4 x 10 Ùm) and shale (20 – 2 x 10  Ùm) at various 
grades of consolidation. This is in agreement with 
Egwuonwu et. al. 2019 which posited that 
unconsolidated clayey and loose sand, sand stones and 
weathered lateritic soil coupled with undulations 
predominantly characterize the shallow depths of the 
gullies' vicinities. Profiles 4, 5 and 6 tomograms show 
inferred fractured topsoil formation and some 
formations at depths. The inferred fracture 
characteristics invariably might have contributed to 
cracks and failures of both the gully walls and the 
resultant failure of superstructures at the Oko-Nanka 
gully erosion site. The tomogram obtained from Profile 
6 exceptionally showed relatively high resistivity 
whereas profile P6 shows undulations at depths are 
adverse factors geoelectric formations with appearance 
in form of extrusive dykes both at top soil and at depths 
as suggested in profile P4.

Comparatively on the interpreted lithology based on 
range of resistivity values; the Oko side of the gully site 
showed lower range of resistivities suggesting lesser 
consolidation that those obtained from the Nanka. 
Hence, the relatively low resistive materials inferred as 
principal lithology of the surveyed profile lines 
constitute are invariably inimical to the stability Oko's 
side of gully's vicinity. Therefore, the delineated soil 
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