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ABSTRACT

An integrated study, consisting of 2-D Wenner array and Induced Polarization (IP)
measured at five profiles, were used to characterize the near surface heterogeneity
in Southern ljaw area of Bayelsa State. Using Abem Terrameter (SAS 1000) for
both measurements, five 2-D resistivity profile lines with electrode spacing of
5.00m and electrode spread of 100.00m were employed. Computer software,
RES2DINV was adopted for the interpretation of the data while Microsoft Excel
software was used for plotting the IP chargeability anomaly against electrode
distance. The results showed various resistivity distributions with the lowest value
of 1.98Qm and highest value 638Qm indicating fine Clay and medium coarse sand
respectively. The resistivity varies horizontally and vertically, and such that at the
base it is higher than that of the topsoil except in profiles 3 and 5. Resistivity ranges
for the profiles are profile 1 (5.96-175Qm), profile 2 (1.98-495Qm), profile 3 (46.5-
638Qm), profile 4 (20.3-187Qm) and profile 5 (10.1-485Qm). Positive and
negative Induced Polarization (IP) chargeability were recorded in all the profiles.
However, at Profile 1(NDU New site), negative IP effect was encountered
throughout with range values between 0 and -450ms chargeability. This result is
associated with the distribution of chargeable zones in the ground and also due to a
thin chargeable layer at the surface. Few measurable negative values were also
recorded at Profiles 2, 3, 4 and 5. Positive IP values were encountered in greater
part of the profiles: profile 2 (0 — 80ms) profile 3 (0-3ms) profile 4 (0- 3ms) and
profile 5(0-8ms). The signatures obtained from the IP effects are indicators of Clay

Keywords: sediment of various compositions which corroborate with, to a reasonable extent,
Induced Polarization, the observation from the inverse 2-D resistivity section. The sediments observed in
Resistivity, the study area can be classified into clay, clayey sand, fine clayey sand and medium
RES2DINV, sand. The result of this research will contribute immensely to the infrastructural

Abem Terrameter. development of the rapidly expanding community in this area.
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INTRODUCTION

In every attempt to develop the infrastructure of the
community or town, ground is involved and plays
significant roles in this regard. Therefore adequate
knowledge of what is under the surface, its nature and
attributes or properties are necessary. As people move to
this area where the State’s University is located, they
construct more buildings, tap into the underground
water, go into farming, and other human activities that
have direct bearing on the subsurface and thus make the
knowledge of the subsurface sediments desirable, if not
compulsory. The study has shown that IP imaging is a
promising tool for mapping lithological contrasts in

unconsolidated sediments and to clarify difficulties in
lithological interpretation observed in other geophysical
methods (Alabi et al., 2010). However, it is desirable to
have better results when two geophysical methods
complement each other. In order to achieve this
objective, two geophysical methods have been
combined to characterize and identify the lithologic
units near the surface (Aizebeokhai et al., 2016) in the
study area. These are 2-D Wenner array and Induced
Polarization (IP) methods.

Electrical properties are among the most useful
geophysical parameters in characterizing earth materials
as the variations in electrical resistivity (or conductivity)
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typically correlate with variations in lithology, water
saturation, fluid conductivity, porosity and permeability
(Van Schoor, 2002). Resistivity method is widely used
in geophysical prospecting, such as hydro-geological
(TerraDat, 2005; Chambers et al., 2006; Chang, et al.,
2017), geological structure (Zhang et al., 2016),
engineering Caputo et al., 2003) and environmental
surveys (Arjwech et al., 2019). The resistivity value of
rocks and minerals depend on geology and the structure
of the minerals but have no specific values but specific
range (LAYADE ET AL., 2017).

Resistivity and chargeability are popular geophysical
methods which are being applied to mineral exploration
and, in environmental studies, are often used to
delineate contaminant plumes and geological boundaries
(Aristodemou & Thomas-Betts, 2000). According to
Johansson (Johansson, 2007) the combination of
resistivity and time domain induced polarization (IP)
can improve the use of and effectiveness of the
geoelectrical methods. The use of non-invasive surface
geophysical techniques is of great relevance in that
reasonably factual subsurface information is obtained
without any destruction to the environment within a
relatively short time. Electrical resistivity and time
domain induced polarization have shown to be of good
complementary in this regard. The geoelectrical method
provides a wide range of variations in the subsurface
electrical resistivity. These variations are often
associated with water content and lithology; hence, it is
one of the most powerful geophysical methods often
used in providing solutions to hydrogeological problems
(Chambers et al., 2006; Zhang et al., 2016; Zhang et al.,
2016). Actually, no work has been done in this area to
know and characterize the subsurface strata.
Consequently, this study was carried out to know the
near-surface geologic setting, identified the formations
and their depths, for the benefits of growing population
within the study area
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Location and geology of the study area

The study area (Figure 1), Southern ljaw is in Bayelsa
State, located within Latitudes (4° 55°N — 5° 1°N) and
Longitudes (6° 4’E-6° 14°E) in Niger Delta, Nigeria.
The study area lies within Tropical rain forest climate
characterized by rainy season and short dry season. It is
drained by tributaries from River Nun and has an
average rainfall and temperature of 2,899 mm and 26.7
OC respectively. As expected the major socio-economic
activities of the people in the area are fishing and
farming. Its mean elevation is about 8 m above the mean
sea level. The geologic sequence of the Niger Delta
consists of three main tertiary subsurface lithographic
units (Benin, Agbada and Akata Formations) which are
overlain by various types of quaternary deposit (Short &
Stauble, 1967)

The topmost unit is the Benin Formation which
comprises of over ninety percent sandstone with shale
intercalations. It is coarse grained gravely, locally fine
grained, poorly sorted, sub-angular to well-rounded and
bears lignite streaks and wood fragments. The unit is
thickest in the central area of the Delta. Its contact with
the underlain Agbada Formation is defined by the base
of Sandstone which also corresponds to the base of the
fresh water bearing strata (Allen, 1965). The sandstones
in the Agbada Formation are generally well-sorted,
moderately well-rounded, and have high porosity and
permeability, making them important aquifers in the
area (Ganiyu et al., 2015). The shales in the formation,
on the other hand, act as confining units that separate
the aquifer zones and restrict the movement of
groundwater. The thickness of the shale layers can
greatly affect the hydraulic conductivity of the aquifers,
as they provide a barrier to vertical flow (Koda et al.,
2017). The Akata Formation, an important source of
rock for hydrocarbons, is a sequence of dark, organic-
rich shales that underlies the Agbada Formation. It was
deposited during the Late Cretaceous and Early Tertiary
periods and is part of the sedimentary succession of the
Niger Delta Basin (Nwajide, 2013).
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Figure 1: Location map showing the study area and its environs

MATERIALS AND METHODS

Abem (SAS1000) Terrameter was used for both 2-D
Wenner array survey and Induced Polarization
measurement (IP). Time-domain IP method depends on
a small amount of electric charge being stored in the
ground when a current is passed through it, to be
released and measured when the current is switched off.
When a direct current is passed into the ground the
magnitude of the Induced polarization IP observed is

expressed as
AV

v @

where AVis the voltage remaining at a definite time, t;
toty, after the current is cut off. The normalized time
integral, called the Chargeability, measured in millivolt
second per volt or millisecond, is given as (Parasnins,
1986)

% fff AVdt 2

For the 2-DWenner array, the apparent resistivity pa is
calculated from the product of resistivity R recorded and
the geometric factor k where ‘a’ is the electrode spacing
pa=2ma =’ ="k =Rk ©)

k is the geometric factor which depends entirely on the
type of array employed and resistance R represents the

reading displays by the resistivity equipment (Telford et
al., 1990).

The measurements were carried out concurrently with
the equipment along the five profiles, each 100.00m in
length. After the 2-D reading was taken, the field of
measurement on the equipment was switched to IP
mode and the reading recorded. Each reading was taken
after necessary precautions, such as good electrode
contact with the ground, survey conducted along a
straight line and away from cultural features. Checking
for current leakage and creeps to avoid spurious
measurements were also observed (Abdullah, 2018).
The 2-D Wenner measurement commenced with
electrode spacing of 5, 10, 15,20, 25, 30, 35, ... for each
sequence on electrode spread of 100.00m which was
completed before taking the next profile (Dahlin, &
Loke, 1998). For each electrode spacing interval,
readings of 2-D and IP data were taken for the profile
length of 100m. This was done for the specified
intervals for all the five profiles covered. The computer
software program, RES2DINV, was used for the 2-D
data inversion to vyield Figures (3,5,7,9 and 11).
Similarly, excel software program was used for the
plotting the IP chargeability values, in milliseconds,
against the electrode distance in metre, to obtain the
anomalies in Figures (4, 6, 8, 10 and 12).
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RESULTS AND DISCUSSION

Figures 2,4,6,8 and 10 show the 2-D resistivity
inversion while Figures (3,5,7, 9 and 11) represent the
anomalies of the Induced Polarization (IP) chargeability.
The results of the 2-D resistivity inversion are
presented in this order: (Resistivity, Depth, Spread
along the profile). At the Profile 1 (Ndu New Site),the
topsoil resistivity ranges between45.3 and 89.1 Qm for
most part and 89.1 to 175 Qm for a few meters at the
beginning of the profile. The percolation of rain water
from the surface gives rise to a much lower resistivity in
the subsoil. From Figure 2, (Resistivity:90Qm,
Depth:1.25-15.9m, Spread:7-100m). The formation
could be clayey sand. It exists throughout the entire
profile with different thicknesses as indicated:
(Resistivity:175Qm,  Depth:1.25-19.8m,  Spread:4-
100m). The formation could be fine sand. It penetrates
throughout the profile and beyond with varying
thicknesses at different levels: Resistivity: 89.1Qm,
Depth:1.25-12.4m, Spread:6-100m). The formation is
likely composed of sandy clay. It is present in the entire

HOU New site 1
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profile and also appears at the topsoil at intervals 16-
32m, 38-51m, 54-68m and 86-92m: Resistivity:46Qm,
Depth:2.0-10m, Spread:13-40.0m, 45-66m). This layer
could be wet clay. It envelopes portion of lower
resistivity of about 23.0Qm, which also surrounds a
much lower resistivity ranging from about 3.03 to
11.7Qm. This is likely to be wet fine clay.
Figure 3, represents the negative Chargeability
signatures obtained from Induced Polarization (IP) data.
This is between 0 and -450 ms chargeability for the
entire length of the profile. The negative chargeability is
as a result of the distribution of chargeable zones in
relation to the sensitivity distribution which determines
how different parts of the ground contribute to the
measured apparent resistivity of a particular four
electrode array. It could also be caused by a thin
chargeable layer at the surface (Dahlin & Loke, 2015).
Generally, the profile shows resistivity ranging from
5.96-175Qm. where 3.03-45.3Qm is wet clay; §9.1Qm
is sandy clay; 175Qm is fine sand.
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Figure 2: 2-D resistivity inversion results for profile 1
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Figure 3: IP Chargeability (ms) against electrode distance X(m) for profile 1

Profile 2 (Ogobiri junction). The topsoil resistivity of
this profile can be categorized into two; the wet clay
(9.48-44.5 Qm) which is underlain by a higher resistive
formation (96.9 Qm) and the dry sand (96.9-459 Qm),
which overlies layers of much lower resistivity (1.98 -
445 Qm). From Figure 4, (Resistivity:96.9Qm,
Depth:2.0-19.8m and beyond, Spread:1.0-30m). The
formation is likely composed of fine sandy clay. This
layer exists throughout the entire profile, intruding to
the surface at different distances and depths as
indicated. This layer also envelopes a much higher
resistive sediment of about 150Qm which could be silt
fine sand:

(Resistivity:45.3Qm, Depth:1.25-19.8m and beyond,
1.25-4.0m Spread:1-100m). This formation could be wet
clay. It is observed throughout the profile at different
depths and also protrudes to the surface at different
distances: Resistivity: 1.98-4.32Qm, Depth:3.75-12.4m,
Spread: 55-78m). This formation is likely composed of
fine wet clay enveloped by a much high resistivity
ranging from 9.48-20.4Qm. This is located between 4.0-
19.8m and 48-95m distances and is likely to be wet
clay:  (Resistivity: ~ 495Qm,  Depth:1.25-3.75m,
Spread:54-60m). This formation in this layer is likely
composed of fine medium sand.
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Figure 4: 2-D resistivity inversion results for profile 2
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Figure 5: IP Chargeability (ms) against electrode distance X(m) for profile 2

Figure 5, the distance between 32- 43m corresponds to
areas with relatively high positive Chargeability
(Induced polarization IP effect) value (82 ms). It depicts
accumulation of unconsolidated fine sand particle of
resistivity (96.9Qm and 211Qm) as corroborated on the
resistivity section.

As shown in Figure 4, low negative anomalies of IP
were recorded at various distances along the profile
indicating the distribution of chargeable zones and
presence of chargeable layer at the surface. At the last
depth, 19.8m, on the resistivity section, is the lowest
resistivity of the profile indicating different resistivities
(9.40Qm, 20.4Qm, 44.5Qm) which is interpreted to be
wet clay. The profile reveals resistivity ranging from
1.98-459Qm. where 1.98-9.40 is fine wet clay; 20.0-
44,5 is wet clay; 96.9 is clayey and 211-459 is fine
medium sand.

From Profile 3 (Ogobiri-Tombia road), relatively higher
resistivity dominates the topsoil (0 -1.25 m). Two
categories can be identified: the wet clay (46.5 - 89.5
Qm) which is underlain by much higher resistivity and
medium coarse sand (172- 638 Qm), which appears in
most part of the surface and overlies the lower resistive
layers underneath. From Figure 6 shows, (Resistivity:
172Qm, Depth: 2.0-3.75m, 1.25-19.8m and beyond,
Spread: 1.0-100m). This formation could be fine sand. It
is present throughout the profile though having different
thicknesses and also appears to the surface at different
points along the profile. The next layer has (Resistivity;
638Qm, Depth; 6.38-17.0m, Spread;15-25m). This is
likely composed of medium coarse sand and is
enveloped by a lower resistivity of about 311Qm, a fine
medium sand, from a depth of 4.0-19.8m and beyond,
covering a distance between 9 and 27m.
(Resistivity:89.5Qm, Depth:3.75-8.0m, 5.0-19.8m and
beyond, Spread:30-81m). The formation could be sandy
clay. It is surrounded by a higher resistivity sandy clay

of about 100Qm between depths 2.0 and 19.8m, and
beyond, extending to ( 28-85m) distance. Figure 8,
shows small positive Chargeability IP values (1-2 ms),
in most part of the profile between 29-94m indicating
the presence of clay to corroborate the results on 2-D
resistivity inversion of Figure 6. To a large extent, the
profile shows resistivity ranging from 46.5-638Qm.
where 46.5 is wet clay; 89.5Qm is sandy clay; 175Qm
is fine sand and 331-638Qm is medium coarse sand.
Profile 4 (Ogobiri -Tombia road): Surface resistivity is
generally low ranging between 20.3 and 61.3 Qm for a
wet clayey topsoil which occupies almost the entire
profile, and 107 to 187 Qm for the dry fine sand
towards the end. Like in the other profiles, generally,
resistivity reverses its trends underneath. The recorded
values are shown in Figure 8, (Resistivity: 61.5Qm,
Depth: 6.38-8.0m, 3.75-19.8m Spread: 1.0-100m). This
portion is likely composed of clay. It exists throughout
the profile and appears on the surface at a distance of
about 35-36m, 40-53m, 68-71m and 86-90m though
with varying thicknesses: Resistivity:20.3-35.3Qm,
Depth:1.25-14.0m, Spread:57-87m). This formation
could be wet clay. (Resistivity:107Qm, Depth:10.0-
14.0m, 3.75-19.8m and beyond, Spread:1.0-62m). The
formation is likely to be sandy clay. Below this layer is
a much higher resistivity ranging from 150-187Qm at a
depth of 5.0-19.8m and beyond, covering a distance of
1.0-50m. This layer could be fine sand. Generally, it is a
low resistivity section ranging from 3.84Qm to 187Qm
(Figure 9). From Figure 9, low positive (Chargeability)
signature of IP effect was recorded throughout the
profile length except between 20 and 25m. It indicates
the presence of Clay as revealed on the 2-D resistivity
inversion in Figure 9. The profile, generally, shows
resistivity ranging from 20.3-187Qm where 20.3-
61.5Qm is clayey and 107-187 is fine sand.
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Figure 6: 2-D resistivity inversion results for profile 3

0 10 0 30 40 50 60 70 80 90 100

o O AN O N A

.38
D26
125
15.9

Unit electrode spacing 5.4 n.

Distance (m)

Figure 7: IP Chargeability (ms) against electrode distance X(m) for profile 3

Profile 5 Airport road is where two resistivity values
range define the topsoil of this profile; between 18.1and
69.9Qm which represents wet clay and stretches almost
throughout the entire profile, and a fractional portion of
fine sand (184 Qm) sandwiched at the surface. Unlike
the previous profiles, the layers continue downward

beyond the depth covered in this work and are more or
less at angles to the horizontal.

Figure 10, (Resistivity: 184Qm, Depth:10.0-14.0m, 7.0-
19.8m and beyond, Spread:1.0-16m). The formation is
likely composed of fine sand with different thicknesses
at different depths.
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Figure 8: 2-D resistivity inversion results for profile 4

P

o B N W B

100

Distance (m)

Figure 9: IP Chargeability (ms) against electrode distance X(m) for profile 4

Under this layer is a shallow resistivity of about 300Qm
at a depth of 14.0-19.8 and beyond covering a distance
between 1.0-10m. This layer could be medium coarse
sand. (Resistivity;69.9Qm, Depth;1.25-9.26m, 1.25-
19.8m and beyond, Spread;14-18m). The formation
could be wet clay. It appears throughout the profile, at
different thicknesses sand intrudes to the surface at
distances of 45-48m, 50-58m, 77-82m and 83-90m.

(Resistivity: 10.1-26.5Qm, Depth: 1.25-14.0m, 3.75-
19.8 and beyond, Spread:21-32m, 44-87m). This could
be wet clay formation. (Resistivity: 69.9Qm, Depth:
1.25-6.38m, 1.25-19.8m and beyond, Spread:1.0-4m,
10-14m). This layer is likely to be Clay which shows at
the surface between 38-40m, 46-50m, 58-61m,73-78m
and 90-95m distances along the profile.
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Figure 11: IPChargeability (ms) against electrode distance X(m) for profile 5

There is a low positive IP Chargeability varying
between 0 — 8ms along the profile in this station (Figure
11). This represents the presence of dominant Clay bed
to corroborate the observation on 2-D resistivity
inversion in Fig. 10. There are zones of clayey sand and
sandy clay beds of varying resistivity values of about
69.9Qm as shown on the inverse resistivity section

(Figure 10). This profile reveals resistivity ranging
from 3.83 to 485Qm, where 3.83- 69.9 is wet clay; 184 -
485Qm is medium coarse sand which only exists at the
lower ends of the base layer.

The summary of the distribution of resistivity, depth,
spread and soil types encountered in the study area is
shown in Table 1.
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Profile Resistivity /Qm Depth/m Spread/m Soil type
1 45.3-89.1 0-1.25 0-100 Topsoil
90.0 1.25-15.9 7-100 Clayey Sand
175.0 1.25-19.8 4-100 Fine S
89.1 1.25-12.4 6-100 Sandy Clay
46.0 2-10 13-40, 45-66 Wet Clay
2 9.48-44.5, 96.9-459 0-1.25 0-100 Topsoil
96.9 2-19.8 1-30 Sandy Clay
45.3 1.25-19.3 1-100 Wet Clay
1.98-4.32 3.75-12.4 55-78 Fine wet Clay
495 1.25-3.75 54-60 Medium Fine Sand
3. 46.5-89.5, 172-638 0-1.25 0-100 Topsoil
172 2-3.75,1.25-19.8 1-100 Fine Sand
638 6.38-17 15-25 Medium coarse Sand
311 4-19.8 9-27 Fine Sand
89.5 3.75-8, 5-19.8 30-81 Sandy Clay
4 20.3-61.3, 107.187 0-1.25 0-100 Topsoil
61.5 6.38-8, 3.75-19.8 35-36, 40-53, Clay
68-71, 86-90 Clay
150-187 5-19.8 1-50 Silt Fine Sand
20.3-35.3 1.25-14 57-87 Wet Clay
107 10-14, 3.75-19.8 1-62 Sandy Clay
150-187 5-19 1-50 Fine Sand
Profile Resistivity/ Qm Depth/m Spread/m Materials
5 18.1, 69.9, 184 0-1.25 0-100 Topsoil
300 14-19.8 1-10 Medium Fine Sand
184 10-14, 7-19 1-16 Fine Sand
69.9 1.25-9.26,1.25-19.8 14-18, 45-48, Wet Clay
50-58,77-82 y
83-90 Wet Clay
10.1-26.5 1.25-14, 21-32 Wet Clay
3.75-19.8 44-87 Wet Clay
69.9 1.25-6.38,1.25-19.8 1-4,10-14 Clay
CONCLUSION the surface at depth between 1.25 and 19.8m. At profile

Resistivity in the study area varies between 1.98Q and
835Qm at different depths below the surface, as shown
in profile 2 (Ogobiri junction) and profile 3 (Ogobiri-
Tombia road).These areas comprises of sandy Clay, Wet
Clay, fine Sand, Medium Coarse sand, medium fine
sand at shallow depth ranging from 1.25 to 19. Low
resistivity (45 - 175 Qm), indicating Clayey sand, Fine
Sand, wet Clay and sandy Clay beneath the surface was
recorded at Ndu New site . This low resistivity is
strongly induced by the presence of one of the
tributaries of River Nun in the area. This profile 1 also
recorded negative IP chargeability to indicate
distribution of chargeable zones in the ground and thin
chargeable zone at the surface. Profile 4, the second
profile around Ogobiri- Tombia road has resistivity
between 20 and 187 Qm, having Fine sand, Wet sand,
Silt fine sand Clay and Sandy Clay as materials beneath

5 (Airport road ), resistivity decreases downward
ranging between 10.1 and 300 Qm at the top, underlain
by Clay, Fine sand, medium fine sand, and wet Clay.
The Induced Polarization (IP) imaging signatures
corroborated these conclusions as strong, relatively,
positive IP chargeability effects were observed along the
profile containing clayey sand and sandy clay. In
contrast, compacted clay showed low IP effects (Figures
6,8,10 and 12). Only in profile 1 (Figure 4) was the
negative IP chargeability obtained throughout and this
revealed the distribution of chargeable zones in the
ground and could also indicate the presence of
chargeable layer at the surface. It was also observed,
though of very minimal extent in Profiles 2, 3 and 4. It
is revealed that the resistivity changes vertically and
laterally within study area, depicting the presence of
sediments of varying compressions and compositions.
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These results have shown that the combined geophysical
methods used are of immense benefits and appropriate
to characterize the subsurface strata.
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