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Abstract: The geophysical investigation of
the subsurface characteristics in the Amuzi-
Obowo area of Imo state, implored the use of
the Vertical Electrical Sounding technique of
the electrical resistivity method that revealed
the existence of seven geoelectric layers with
resistivity ranging from 14.2 Qm (the 3"
layer of VES 12 ) to 240,000 Qm (the 7" layer
of VES 3).; Results show that the topsoils are
made up of six-layer deposits consisting of
fine-grained sand, medium-grained sand,
coarse-grained sand, silt, clayey-silt and clay
layer deposits with a range of resistivity of
36.6 Qm (VES 8 ) to 3,321 Qm (VES 3). The
near-surface layer underneath the topsoil
consists essentially of sandstone, fine-
grained sand, medium-grained sand, coarse-
grained sand, and silt. The depth to the layer
ranges from 8m (VES 2) to 2.93m (VES 10),
with thickness ranging from 0.14 to 2.46m.
The incessant cracking of walls of buildings
and falling of electric poles in some parts of
the study area have been attributed to the
nature of the low-resistivity units deduced as
clay deposits underlying some of the very thin
2" (near-surface) layers. Locations for only
the construction of small structures were
highlighted, and the locations not suitable for
small structures were highlighted. It was
concluded that medium to massive
engineering structures can be placed
anywhere in the study area except at the
location of VES 2 , but for massive
structures, the locations of VES 2,5,810, 11
and 12 should be given further engineering
considerations because of the relatively
shallow depth of the underlying clay layers.
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1.0 Introduction

The improvement of the quality of the
environment is one of the most desirable
demands of the global scientific world,
especially; for scientists in different fields
such as geology, mathematics, physics, etc.
This gave rise to the development of wider
disciplines like geophysics. Geophysics have
a wide range of applications which are aimed
at obtaining information about the lateral and
vertical distribution of rock types in the
subsurface through physical measurements
on the surface of the earth (Parasnis,1986).
The application of shallow geophysical
methods of investigation in civil and
construction engineering for road and
building construction and evaluation, dam
safety and solution of related problems;
engineering and environmental geophysics is
defined as geotechnical geophysics (Sheriff,
2001).

Massive civil engineering structures are
usually subjected to strong dynamic and
static loads; and since the statistics of failures
of building structures are increasing
geometrically  throughout the nation;
therefore the design and construction ought
to be preceded by adequate investigation to
prevent such failures.
These failures have been attributed to several
factors such as inadequate information about
the soil and the subsurface geological
material, poor foundation design and poor
building materials.

In parts of Amuzi in Obowo L.G.A. of Imo
State, there are reported cases of incessant
road cracks, falling of electric poles, cracking
and splitting of walls of buildings which in
some cases might result in the collapse of
such structures etc. The greatest contributing
factor to this is the lack of a fair knowledge
of the subsurface geoelectrical characteristics
before the execution of projects which will
reveal the nature of the subsurface and
provide sound information on the suitability
of the terrain for any of such purposes.
Therefore, pre-construction studies are
necessary to prevent the loss of valuable
lives and properties that usually accompany
such failures. Foundation studies usually

provide subsurface information that aids civil
engineers in designing the foundation of civil
engineering structures. This is because some
earth materials such as clays and clay-bearing
earth cannot support solid and rigid structures
due to their nature; while earth materials such
as sands and unweathered basement rock
provide firm support for solid foundation.
To this end, geophysical methods together
with  or besides other geotechnical
approaches are routinely used for foundation
investigation (Ajayi et.al, 2005; Tabwassah
and Obiefuna, 2012; Akinrinmade, 2013;
Adiat et.al, 2019; Owowumi, 2021).
Geophysical methods such as Electrical
Resistivity (ER), Seismic Refraction,
Electromagnetic (EM), Magnetic and Ground
Penetrating Radar are used singly or in
combinations ~ for  engineering  site
investigation (Fatoba, (2010); Nwokoma et
al.; 2015, Owowumi, 2022). The applications
of such geophysical investigation are in the
determination of layer thickness, depth to
bedrock, structural mapping and evaluation
of subsoil competence. The need to provide
information on the subsurface sequence and
structure  disposition  necessary  for
foundation or other design necessitated the
‘Geophysical Investigation of Subsurface
Characteristics in parts of Amuzi-Obowo
and its Geotechnical Implications’ . Some
specific goals of the study include the
determination of the nature of the subsurface
geology of the study area, delineation of the
geoelectric layers within the study area,
determining the thickness and resistivity of
various geoelectric layers, and providing
appropriate recommendations for medium to
massive  construction  projects/structures
based on the deductions.

1.1 The study area

The study area Umuezigwe in Amuzi -
Obowo local government area of Imo state
lies between latitude 5°34°25”N and 5° 22’
30°’N and longitude 7° 22’ 30’E and 7° 25’
0”’E. The rainy season in this area falls
between April and October with annual
rainfall varying from 1500-2200mm (60-80
inches) in the area. It has a mean temperature
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of above 20°C (68° F) and relative humidity
of 75%-90% at peak rainfall (Edwin-Wosu et
al., 2013). On the other hand, the study

area is drained southward by tributaries of
Imo River.
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Fig.1: Map of Nigeria, Imo State and Obowo Local Government Area.

Geologically, the study area belongs to the
coastal region dominated by Coastal Plain
Sands (CPS) otherwise called the
Oligocene to Recent Benin Formation
(Fig. 2).

The Coastal Plain Sands (CPS), form the
major hydro-geologic units in the area. It
comprises poorly sorted continental (fine-
medium-coarse) sands and gravels that
alternate with lignite streaks, thin clay
horizon and lenses at some locations. The
thin clay/shale horizons truncate the
vertical and lateral extents of the sandy
aquifers thereby building up multi-aquifer
systems in the area; and at the same time
giving rise to concerns for abrupt
or gradual changes in lithology with
subsequent complex overall situations
arising regarding the characterization of
the sub-surface concerning the geo-
technical competence of the near-surface
formation.

2.0 Materials and Methods
2.1 Reconnaissance Survey Of The Study
Area

The first exercise was to gather relevant
literature materials on the area under
investigation including maps.

To identify and evaluate possible areas for
geophysical survey and sample collections,
a reconnaissance survey of the study area
was carried out whereby the determination
of surface elevations and coordinates was
done.

A general inventory of the geological
parameters (geological formation, surface
run-off, climatic factors and type of
lithology) was done, and also locations for
the geoelectrical surveys were mapped out.
This inventory was carried out using the
following instruments: hammer, pegs, tools
bag, measuring tape, Geographic
Positioning System (GPS) and map of the
study area.

Garmin 72 Geographic Positioning System
(GPS) was used in the determination of
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elevation and coordinates, this further aided
in gridding of the area.

This exercise was done in the space of three
days, starting from Tuesday the 22"
through Thursday the 24™ of November,

2022. It was done by a team of seven. After
which the next four days, Friday 25"
through Monday the 28" of November,
were used to acquire the Vertical Electrical
Sounding (VES) data.
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Fig. 2: The Geologic Map of Imo State showing Benin Formation the Study area.

2.2 Geoelectrical surveying of the study
area

The instruments used in the geoelectrical
survey include: resistivity meter (ABEM
terrameter), GPS, Heavy duty motor battery
with two connecting wires with crocodile
clips, Four hammers and Four electrodes
with rolls of wire, Two rolls of 100m rope
each, Three rods for ropes (one central and
two end ones), One big umbrella for shade,
Data sheets with K-values and writing pen.

The Vertical Electrical Sounding (VES) data
was acquired by using the Schlumberger
electrode configuration involving four
electrodes spacing with the maximum
current electrode (AB/2) of 300m along the
survey line (Fig. 3).

With the location of each mapped-out
sounding point, the Garmin GPS 72 was
used in re-determining the coordinates in
longitude, latitude and elevation above mean
sea level and a total of 20 soundings were
carried out (Fig. 4).

Then the ABEM Terrameter which was used
in the data acquisition was deployed to the
position where a 12V direct current (DC) fed
into the terrameter was passed into the
ground using two metal stakes (current
electrodes ‘AB/2’) linked by insulated
cables. The current developed a ground
potential difference whose voltage was
determined using two other electrodes
(MN/2), which were kept in line with the
pair of current electrodes.
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Fig. 4: Data acquisition map of the study area showing the vertical electrical sounding

stations.

The observed field data which is the ratio of
the resulting voltage to the imposed current
is only a measure of resistance of the
subsurface (ground resistance). This is read
off directly from the Terrameter and is used
to compute the corresponding apparent
resistivity in Ohmmeters by multiplying with
the geometric factor ‘values as functions of
electrode spacing’, which then gives the
required apparent resistivity results as
functions of depths of individual layers. The
apparent  resistivity used here is
mathematically represented as:

P—

e N
R

12-12
pa=mR(—-)
Where pa =Apparent resistivity, L
= Half current electrode spacing(m).
| =MN/2 = Half potential electrode spacing
(m), R = Resistance in ohms.

L2-12\ _ .
n( = ) = Geometric factor (K).

The sounding curve for each point was
obtained by plotting the computed apparent
resistivity against the half-current electrode
spacing (AB/2) on a log-log graph scale
paper. The sounding curves were used for the
conventional partial curve  matching

)
‘AB/2’
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technique and use of auxiliary point diagrams function of the electrode configuration
(Zohdy, 1976); and based on this, initial together with the resistivity and thicknesses of
estimates of the resistivities and thicknesses the layers (Orellana and Mooney, 1966;
of the various geoelectric layers were Zohdy, 1989; Amos-Uhegbu et al., 2012).
obtained and used for computer iteration Sounding (VES) curves are obtained by
using IPI2win (Kurniawan, 2003). plotting the calculated apparent resistivity
against the corresponding half-current
electrode separation (AB/2), and the letters
Q,A K and H are used to indicate the variation
The results of electrical soundings are the of resistivity with depth (Fig. 5).

electrical resistivity sounding curves. It is a

3.0  Results and Discussion
3.1 Analysis of sounding curves
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Fig. 5: Schematic geo-electrical resistivity type curves for layered structures (After
Orellana and Mooney, 1966).

Display ~ of typical ~computer-modelled  on display in tabular form is an outline of the
resistivity type curves for some locations in  \/gs interpretation for the sounding stations
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Fig. 6: Computer modelled type curve for VES 1
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Fig. 9: Computer modelled type curve for VES 19

For all the sounding stations, seven
geoelectric layers were delineated. Six curve
types KHAKH, KHKHK, KHKQH,
KHKHA, KQHKH and QQHKH were
identified within the study area, with
KHKHK layered type curves dominate with a
total number of 8, followed by KHAKH with
5, KHKQH with 3, and KHKHA with 2 while
KQHKH and QQHKH are only one each
(Table 1). For the lithological deductions, the
Amos-Uhegbu (2014) classification of the
Benin

Formation of Niger Delta basin is used in the
characterization of the various geoelectric
layers and sediments with resistivity < 100
Qm are clays, 100 Qm — 500 Qm are silts, 500
Qm — 1500 Qm are fine-grained sands, 1500
Qm — 3000 Om are medium-grained sands,
3000 Qm — 5500 Qm are coarse-grained
sands, and >5500 Qm as sandstone.

Finally, geoelectric sections/resistivity and
depth maps were prepared from the
interpreted results.
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Table 1: A summary of the interpreted VES data and their locations

VES | GPS Resistivity | Inferred Lithology Thickness | Maximum | Type Remarks
Stati | reading of of of layers | depth of Curves
on layers layers (m) layers (m)
(2m)
1 5°34.710'N, | p1 =104 Clayey-SiltTopSoil t1=0.334 | h1=0.334 | KHAKH | Suitable for all types of
7°18.373'E, | p2 = 34778 | Sandstone t2 =0.375 | h2=0.709 structures
H541ft p3 =208 Silt t3=194 | h3=2.65
p4 =1050 | Fine-grained Sand t4=132 |h4=397
p5=9304 | Sandstone ts = 23.4 h5=27.3
p6 =174 Silt ts=36.6 | h6=63.9
p7 = 17795 | Sandstone t7 =? h7 =?
2 5°34.626'N, | p1 =72.8 | ClayTopsoil t1 =0.433 | h1=0.433 | KHKHK | Not suitable for small and
7°18.372'E, | p2 =2824 | Medium-grained Sand | t2 =0.143 | h2 =0.576 medium structures. But
H568ft p3=553 | Clay t3=219 |h3=277 can hold massive
p4 =19615 | Sandstone t4=125 |h4=4.02 structures with
p5=3086 | Medium-grained Sand | ts =29.6 h5 =33.6 foundation depth beyond
p6 =26599 | Sandstone te = 43.3 h6 = 76.9 2.77m
p7 =116 Silt t7 =? h7 =?
3 5°34.547°N, | pl1 =3321 SandyTopsoil t1=0.849 | h1=0.849 | HKHKH | Very suitable for all types
7°18.396'E, | p2 =1005 Fine-grained Sand t2=0594 | h2=1.44 of structures
H492ft p3 =4528 | Coarse-grained Sand t3=137 |h3=281
p4 =533 Fine-grained Sand t4=258 |h4=539
p5 = 6623 | Sandstone ts=40.6 | h5=46
p6 = 746 Fine-grained Sand ts=47.5 |h6=93.5
p7=2.4E+5 | Sandstone t7 =? h7 =?
4 5°34.406'N, | pl =132 SiltyTopsoil t1=0.305 | h1=0.305 | KHKQH | Suitable for all types of
7°18.405'E, | p2=2280 | Medium-grained Sand |t2=191 |h2=221 structures
H533ft p3 =182 Silt t3=141 |h3=3.62
p4 =12015 | Sandstone t4=26.4 |h4=30
p5 =723 Medium-grained Sand | ts=19.9 | h5=49.9
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p6=71.1 | Clay =259 | h6=758
p7 =58755 | Sandstone t7 =7 h7 =?
5°34.260'N, | p1 =2097 | SandyTopsoil t1=0.861 | h1=0.861 | KHKQH | Suitable for small
7°18.403'E, | p2=8841 | Sandstone t2=0.582 | h2=1.44 structures.
H539ft p3=36.7 | Clay t3=1.78 | h3=3.22
p4 =331 Silt t4=485 |h4=518
p5 = 289 Silt ts=2.8 h5 =54.6
p6=29.9 |Clay te = 58 h6 = 113
p7 = 8203 | Sandstone t7 =? h7 =?
5°34.151'N, | p1 =1370 | Sandy-Topsoil t1=0.561 | h1=0.561 | KHKHK | Very suitable for all types
7°18.391'E, | p2 =25503 | Sandstone t2=0.758 | h2 =1.32 of structures
H480ft p3 =772 Fine-grained Sand t3=495 |h3=6.27
p4=19792 | Sandstone t4=6.99 |h4=133
p5=1419 | Fine-grained Sand t5=16.4 | h5=297
p6 =17166 | Sandstone t6=36.7 | h6=66.3
5°34.267°N, | p1 =376 Silty-TopSoil t1=0.354 | h1=0.354 | KHKHA | Suitable for small
7°18.326'E, | p2 =2483 | Medium-grained Sand | t2=0.589 | h2 =0.943 structures.
H659ft p3 =108 Clayey-Silt t3=2.96 |h3=39
p4 =819 Medium-grained Sand | t4=1.06 | h4 =4.96
p5=32.2 | Clay ts=11.4 |h5=16.4
p6 = 1225 Medium-grained Sand | ts = 1.22 h6 =17.6
p7 =22545 | Sandstone t7 =? h7 =?
5°34.326'N, | p1=36.6 | Clayey-Topsoil t1=0.355 | h1=0.355 | KHKHA | Not suitable. The 3" layer
7°18.241'E, | p2 =8163 | Sandstone t2=0.388 | h2=0.743 is responsible for the
H5171ft p3=928 | Clay t3=1.64 | h3=2.39 falling of electric poles at
p4 =1521 | Medium-grained Sand |t4=119 |h4=143 the vicinity of the VES
p5=32.1 |Clay ts=189 | h5=332 location.
p6 = 89.8 | Clay ts =115 h6 = 44.6
p7 =31669 | Sandstone t7 =? h7 =?
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9 5°34.415'N, | pl =767 Sandy-TopSoil t1=0.324 | h1=0.324 | KHKHK | Suitable for all types of
7°18.249'E, | p2 =48734 | Sandstone t2=0.588 | h2=0.912 structures
H497ft p3 =346 Silt t3=15 h3=241
p4 =5987 | Sandstone t4=6.15 |h4=857
p5=1716 | Medium-grained Sand |ts=17.1 |h5=25.7
p6 =23152 | Sandstone ts=29.1 | h6=54.8
p7 =2381 | Medium-grained Sand | t7 =? h7 =?
10 5°34.486'N, | pl1 =113 SiltyTopsoil t1=0.469 | h1=0.469 | KQHKH | Suitable for small and
7°18.185'E, | p2 =3225 | Coarse-grained Sand t2=246 |h2=2093 medium structures.
H516ft p3 =1067 | Fine-grained Sand t3=291 |h3=584
p4=56.5 | Clay t4=6.33 |h4=122
p5 =508 Silt ts=17.8 |h5=30
p6 =256 | Clay ts=335 |h6=634
p7 = 4503 | Coarse-grained Sand t7 =? h7 =?
11 5°34.549'N, | p1 =1261 | SandyTopsoil t1=139 | hl1=1.39 KHKHK | Suitable for small and
7°18.152'E, | p2 =1338 | Fine-grained Sand t2=0.13 | h2=152 medium structures.
H408ft p3=49.7 | Clay t3=2.3 h3 =3.82
p4 = 947 Fine-grained Sand t4=598 |h4=981
p5=19.5 | Clay ts =158 | h5=25.6
p6 = 1340 | Fine-grained Sand te =41 h6 = 66.6
p7=17.4 Clay t7=? h7 =?
12 5°34.631'N, | p1 =2395 | SandyTopsoil t1=0.919 | h1=0.919 | KHKQH | Suitable for small
7°18.181'E, | p2 = 16606 | Sandstone t2=10.136 | h2=1.05 structures. But can hold
H480ft p3=14.2 | Clay t3=127 |h3=232 massive structures with
p4=7127 | Sandstone t4=243 | h4d=4.75 foundation depth beyond
p5=2019 | Medium-grained Sand |t5=3.08 |h5=7.83 2.32m
p6 =119 Silt 6 =777 h6 = 15.6
Sandstone t7 =? h7 =?

p7=1.3E+5
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13 5°34.198'N, | p1=40.5 | ClayTopsoil t1=0.463 | h1=0.463 | KHKHK | Suitable for all types of
7°18.185'E, | p2 =5888 | Sandstone t2=0.165 | h2 =0.627 structures
H574ft p3 =187 Silt t3=1.88 |h3=251
p4 =8001 | Sandstone t4=1.62 |h4=413
p5 =939 Fine-grained Sand ts=8.51 | h5=126
p6 =15037 | Sandstone ts=17.6 | h6=230.3
p7 =691 Fine-grained Sand t7 =? h7 =?
14 5°34.376'N, | p1=1118 | SandyTopsoil t1=0.343 | h1=0.343 | KHAKH | Very suitable for all types
7°18.332'E, | p2 =15017 | Sandstone t2=053 | h2=0.874 of structures
H519ft p3 =560 SiltySand t3=0.906 | h3=1.78
p4 = 3435 | Coarse-grained Sand t4=138 |h4=155
p5 =7954 | Sandstone ts=149 | h5=304
p6=42.6 Clay ts = 28.5 h6 = 58.9
p7 =10532 | Sandstone t7 =? h7 =?
15 5°34.466'N, | pl =531 SandyTopsoil t1=109 |hl1=1.09 HKHKH | Suitable for all types of
7°18.335'E, | p2 =223 Silt t2=0544 | h2=1.64 structures
H570ft p3 =4522 | Coarse-grained Sand t3=135 |h3=299
p4 =854 Fine-grained Sand t4=6.46 |h4=944
p5=51311 | Sandstone ts=8.61 | h5=18.1
p6 = 699 Fine-grained Sand te =17.2 h6 = 35.2
p7 = 2424 | Medium-grained Sand | t7 =? h7 =?
16 5°34.536'N, | p1 =135 SiltyTopsoil t1=0.337 | h1=0.337 | KHAKH | Suitable for all types of
7°18.455'E, | p2=10241 | Sandstone t2 =0.345 | h2 =0.682 structures
H617ft p3 =190 Silt t3=143 |h3=211
p4 =3419 | Coarse-grained Sand t4=231 | h4=252
p5=16019 | Sandstone ts=282 | h5=534
p6 =1088 | Fine-grained Sand ts = 87.6 h6 = 141
Sandstone t7 =? h7 =?

p7 =66107
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17 5°34.548'N, | p1 =108 SiltyTopsoil t1=0.348 | h1=0.348 | KHAKH | Suitable for all types of
7°18.395'E, | p2 =6445 | Sandstone t2=0.314 | h2 =0.661 structures
H558ft p3 =283 Silt t3=0.82 | h3=1.48
p4 =1110 | Fine-graineSand t4=106 |h4=121
p5 = 19862 | Sandstone ts=13.6 | h5=256
p6 =361 Silt ts=33.8 |h6=594
p7 = 77755 | Sandstone t7 =? h7 =?
18 5°34.229'N, | p1 =315 SiltyTopsoil t1=0.803 | h1=0.803 | HKHKH | Suitable for small and
7°18.462'E, | p2 =123 Silt t2 =0.615 | h2=1.42 medium structures.
H532ft p3=1660 | Medium-grained Sand |t3=1.36 |h3=2.77
p4 =83.4 Clay t4=3.41 h4 =6.18
p5 =478 | Silt ts=4.83 | h5=11
pb6 = 44 Clay ts = 18.7 h6 = 29.8
p7 =2175 | Medium-grained Sand | t7=? h7 =?
19 5°34.406'N, | p1l =829 SandyTopsoil t1=0.6 h1=0.6 KHAKH | Very suitable for all types
7°18.461'E, | p2 =68179 | Sandstone t2=0.72 h2 =1.32 of structures
H585ft p3 =1754 | Medium-grained Sand |t3=159 |h3=2091
p4 =5820 | Sandstone t4=3.49 |h4=6.39
p5=13711 | Sandstone ts=7.68 |h5=14.1
p7 =90453 | Sandstone t7 =? h7 =?
20 5°34.495'N, | p1 =1123 | SandyTopsoil t1=0.466 | hl1=0.466 | QQHKH | Suitable for small and
7°18.309°E, | p2 = 657 Fine-grained Sand t2=137 |h2=184 medium structures.
H552ft p3 =283 Silt t3=0.136 | h3=1.97
p4d =159 Clay t4 =2.67 hd = 4.64
p5=1675 | Medium-grained Sand |ts=13.9 |h5=185
p6 =8.15 Clay ts = 43.6 h6 = 62.1
Coarse-grained Sand t7 =? h7 =?

p7 = 4243
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3.2 Geoelectric sections/resistivity maps of
the study area

A geo-electric section could be defined as a
diagrammatic section of stratified layers
revealing the lateral and vertical variations
in the subsurface lithology deduced from
electrical resistivity measurements,
whereupon layers are differentiated based
on resistivity values and their associated
depths (Fig. 12, 13 and 14). On the other
hand, an is resistivity map could be defined
as a map whose contour lines link points of
equal electrical resistivity.

305 7.307
Resistivity

5.578

103

A summary of the interpreted data which is
within the limit of the probe has revealed
the existence of seven geoelectric layers in
the study area for each of the 20 VES
locations (Table 1). The topsoil which is the
first geoelectric layer has resistivity varying
from 36.6 to 3321.0 Qm with thickness
varying from 0.31 to 1.39 m (Fig. 10).

The resistivity of the 2" layer ranges from
123 to 34,778 Qm, while the thickness
varies from 0.13 to 2.46m (Fig. 11).

Thickness of Layers (i)

Thickness

Fig. 10: Layer 1(topsoil) iso-resistivity map and thickness map of the study area

7.308
Resistivity

Thickness of Layer (m)

7.305
Thickness

Fig. 11: The 2" layer iso-resistivity map and thickness map of the study area

The results obtained along traverse AB' that
comprises VES 1, 2, 3, 4, 5 and 6 show that
the first layer (topsoil) has resistivity values
ranging from 72.1 to 3221.0 Qm; and
thickness from 0.31 to 0.87m. The second
identified layer is sand (fine-grained,
medium-grained, and sandstone) with
resistivity values ranging from 1,005.0 to
34,778.0 Qm; while layer thickness ranges
from 0.14 to 1.91 m.

S

e N

F
e

The third geoelectric layer is made up of silt
in VES 1 and 4, clay in VES 2 and 5; while
VES 3 and 6 are made up of coarse-grained
sand and fine-grained sand respectively. It
shows layers resistivity between 36.7 and
4,528.0 Qm. The thickness of this layer varies
from 1.32 to 4.95 m. The fourth identified
geoelectric layer under VES 1 and 3 is
composed of fine-grained sand having
resistivity values of 1,050.0 and 533.0 Qm
respectively. The same layer under VES 5 is
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composed of silt with a resistivity value of
331.0 Qm, while under VES 2, 4 and 6, the
same layer is composed of sandstone with
thickness ranging from 1.25 and 26.4 m. The
fifth identified layer is sand (fine-grained,
medium-grained, and sandstone) with
resistivity values ranging from 723.0 to
12,015.0 Qm; while layer thickness ranges
from 16.4 to 40.6 m. The sixth identified
geoelectric layer in VES 1 is silt with a
resistivity value of 174.0 Qm and thickness of

oom

3 33216%-m)
F A00EEm
PLEE 4T
o

36.6 m; while, in VES 2, 3 and 6, it is
composed of sand (fine-grained, and
sandstone) with resistivity values ranging
from 746.0 to 26,599.0 Qm; and thickness
ranging from 36.7 to 47.5 m.

The seventh identified geoelectric layer is
composed of sandstone in VES 1, 3, 4 and 5;
with the resistivity values ranging from
8,203.0 to 240,000.0 Qm; and the thickness
could not be determined because the current
terminated within this layer.

WES 3 WES 2 VES 1

§ [ § o
IEI4-m JATED-m

A5 2EfEm

@ SAMDSTONE

Fig. 12: Geoelectric Sections along traverse ‘AB’

The geoelectric section along traverse BC'
comprises VES 6, 7, 8,9, 10 and 11 (Fig. 13).
The first layer (topsoil) has resistivity values
ranging from 36.6 to 1370.0 Qm. Its thickness
is between 0.35 and 1.39 m. The layer is
composed of sand in VES 6, 9 and 11 with
resistivity values ranging from 767.0

to 1370.0 Qm and thickness ranging from
0.32 to 1.39 m. The second identified layer is
sand (fine-grained, medium-grained, coarse-
grained and sandstone) with a resistivity
value which ranges from 1,338.0 to 48,734.0
Qm while layer thickness ranges

from 0.13 to 0.76 m. The third geoelectric
layer is made up of fine-grained sand in VES
6 and 10, clay in VES 7, 8 and 11; and VES 9
is silt. It shows layers resistivity between 49.7
and 1067.0 Qm and the thickness varies from
150 to 495 m. The fourth identified
geoelectric layer under VES 6 and 10 is fine-

grained sand with resistivity values of 772.0
and 1,067.0 Qm; and thickness 4.95 m and
2.91 m respectively. The same layer under
VES 9 is composed of silt with a resistivity
value of 346.0 Qm and thickness 1.5 m; while
under VES 7, 8 and 11, the same layer is
composed of clay with thickness ranging
from 1.64 to 2.96 m. The fifth identified layer
is fine-grained and medium-grained sands in
VES 6 and VES 9 with resistivity values of
1419.0 and 1716.0 Qm respectively; while
layer thickness for VES 6 is 16.4 m and for
VES9is17.1m.

The sixth identified geoelectric layer is
sandstone in VES 6 and 9 with resistivity
values of 17,166 and 23,152 Qm, and
thickness of 36.7 and 29.1 m respectively.
The layer is of medium-grained sand in VES
7 with aresistivity value of 1,225.0 Qm and a
thickness of 1.22 m. In VES 11, it is fine-
grained sand with a resistivity value of
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1,340.0 Qm and a thickness of 41.0 m. This
same layer is clay in VES 8 and 10 with

resistivity values of 89.8 and 25.6 Qm and
thickness of 11.5 and 33.5 m respectively.

WES 10

130.0m

1
GRARED SAND
@ SAMDETONE

Fig. 13: Geoelectric Sections along traverse ‘BC’

The seventh identified geoelectric layer is
composed of clay in VES 6 and 11; with
resistivity values of 36.4 and 17.4 Qm
respectively. While, in VES 7 and 8, it is
sandstone with the resistivity values of
22,545.0 and 31,669.0 Qm respectively. In
VES 9 and 10, the layer is composed of
medium-grained and coarse-grained sands
with the resistivity values of 2381.0 and
4503.0 Qm respectively. The thickness of the
layers could not be determined because
current the terminated within this layer and
probably because it is beyond the limit of the
probe.

The geoelectric section along traverse ‘DE’
comprises VES 13, 8, 15, 3 and 17 (Fig. 14).
The topsoil which is the first layer has
resistivity values ranging from 36.6 to 3221.0
Qm. Its thickness is between 0.35 and 1.09 m.
The second identified layer is sandstone with
resistivity and thickness values of 8,163.0
Qm and 0.39 m in VES 8§; 5,888.0 Qm and
0.17m in VES 13 and 6,445.0 QOm and 0.31m
in VES 17 respectively. However, the same
layer is inferred to be fine-grained sand in
VES 3 with a resistivity of 1005 Qm and a
thickness of 0.60 m. While, at VES 15, it is
silt with a resistivity of 223 Qm and a

thickness of 0.54 m. The third geoelectric
layer is made up of coarse-grained sand in
VES 3 and 15, clay in VES 8; while VES 13
and 17 are made up of silt. It shows layers
resistivity between 92.8 and 4,528.0 Qm. The
thickness of this layer varies from 0.82 to 1.88
m. The fourth identified geoelectric layer
under VES 3, 15 and 17 is composed of fine-
grained sand having resistivity values of
533.0, 854.0 and 1,110.0 Qm respectively.
The same layer under VES 8 is composed of
medium-grained sand with a resistivity value
of 1521.0 Qm; while under VES 13, the same
layer is composed of sandstone with a
resistivity value of 8,001.0 Qm.

The fifth geoelectric layer is identified as
sandstone in VES 3, 15 and 17, with
resistivity values of 6,623.0, 51,311.0 and
19,862 Qm respectively. It is clay in VES 8
with a resistivity value of 32.1 Qm; while it is
fine-grained sand in VES 13 with a resistivity
value of 939.0 QOm.

The sixth identified geoelectric layer in VES
3 and 15 is fine-grained sand with resistivity
values of 746.0 and 699.0 Qm respectively. It
is clay in VES 8 with a resistivity value of
32.1 Qm. However, it is sandstone in VES 13
and has a resistivity value of 15,037.0 Qm; it
is composed of silt in VES 17 with a
resistivity value of 361.0 Qm.
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Fig. 14: Geoelectric Sections along traverse ‘DE’

The seventh identified geoelectric layer is
composed of sandstone in VES 3, 8 and 17;
with the resistivity values of 240,000.0,
31,699.0 and 77,755.0 Qm respectively.
While, it is composed of fine-grained sand in
VES 13 with a resistivity value of 691.0 Qm;
in VES 17, the same layer is of medium-
grained sand with resistivity 2,442.0 Qm. The
thickness of

this layer could not be determined because the
current terminated within this layer.

3.3 Geotechnical implications of the

subsurface characteristics

The results show that the topsoil of the area is
composed of varying lithologies and is made
up of six-layer deposits identified as fine-
grained sand, medium-grained sand, coarse-
grained sand, silt, clayey-silt and clay

layer deposits with a range of resistivity of
36.6 (VES 8 ) to 3,321 Qm (VES 3) (Table
1).

In a Silici-clastic sedimentary formation that
is predominantly sand deposits such as Benin
Formation (Coastal Plain Sands) which is the
study area, Sandy soils are very erodible
compared to finer-grained sediments such as
silt and clay. A histogram of the resistivity of
the first layers indicates the higher the
resistivity value, the more erodible the topsoil
(Fig. 15). Thus, the

a : fd

Nt

coarser (porous and permeable) the topsoil,
the more likely erodible it becomes in the
areca. VES 3, 5, 6, 11, 12, 14 and 20 have
sandy top-soils and higher resistivity values
and therefore are highly erodible (erosion-
prone). This explains the erosions frequently
experienced in those areas. The vicinity of
VES Station 3 is the most erosion-prone
location while that of VES 8 is the least prone.
For structural competence in foundation
studies, sandy soils are known to be good for
laying foundations preferably when the layers
in which the foundation depth falls are sand
deposits. For the area under study, the near-
surface layer underneath the topsoil (2"
layer) has resistivity ranges of 123.0 Qm
(VES 18) to 68,179 Qm (VES 19) (Fig. 16).
It consists essentially of sandstone, fine-
grained sand, medium-grained sand, coarse-
grained sand, and silt (Table 1).

Though the lithology of a layer (deposit) is
the main considerable factor for the
determination of foundation competence, the
thickness is also a factor under consideration.
This is because foundations for structures are
of various types and therefore have different
depth requirements. A thin layer (deposit)
made of sand (coarse-grained, medium-
grained etc) and underlain by a thick clay
deposit may not be competent enough for the
foundation if the foundation depth exceeds
the sand layer (deposit). This phenomenon
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has been observed within the vicinity of VES
2,8and 12 (Fig. 17).
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Fig. 15: A histogram of the resistivity of the 15t Layers (topsoil)
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Fig. 16: A histogram of the resistivity of the 2" Layers (near-surface layers)
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Fig. 17: Depth map of the 2"? and 3" layers of the study area
4.0  Conclusion The Geophysical investigation of the

subsurface geoelectrical characteristics of
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Umuezigwe- Amuzi, Obowo and its
geotechnical implications involved the use of
the Vertical Electrical Sounding technique of
Electrical resistivity method. The study
reveals that the subsurface is made up of
seven geoelectric layers consisting of topsoil,
sandstone, fine-grained sand, medium-
grained sand, coarse-grained sand, silt,
clayey-silt and clay layer deposits with a
range of resistivity of 14.2 Qm (the 3™ layer
of VES 12) to 240,000 Qm (the 7™ layer of
VES 3). Results show that the topsoils are
made up of six-layer deposits consisting of
fine-grained sand, medium-grained sand,
coarse-grained sand, silt, clayey-silt and clay
layer deposits with a range of resistivity of
36.6 (VES 8 ) to 3,321 Qm (VES 3). The
near-surface layer underneath the topsoil
consists essentially of sandstone, fine-grained
sand, medium-grained sand, coarse-grained
sand, and silt. The depth to the layer ranges
from 0.58m (VES 2) to 2.93m (VES 10), with
thickness ranging from 0.14 to 2.46m.

The incessant cracking of walls of buildings
and falling of electric poles in some parts of
the study area have been attributed to the

nature of the low-resistivity units deduced as
clay deposits underlying the topsoil; and for
only the construction of small structures, the
vicinity of VES 2, 8 and probably VES 12 are
not suitable. Small structures can be placed at

VES 5and 7 only.
In conclusion, medium to massive
engineering structures can be placed

anywhere in the area except at the location of
VES 2, but for massive structures, the
locations of VES 2, 5,8 10, 11 and 12 should
be given further engineering consideration
because of the relatively shallow depth of the
underlying clay layers.
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