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Igueben is located in the central of Edo State, Nigeria. It has neighboring towns; Ogwa,
Ugbegun, Ugiogba, Ebelle, and Ekpon. These towns have the same aquifer but significant
variations in the water table. However, this study is intended to unravel the salient ancient
hydrological processes that occurred in the study area which resulted in this variation.
Vertical electrical sounding (VES) data and borehole data of the area are integrated to
generate geo-electrical resistivity section of the area, to identify the aquifer trends, body,
and shape to re-construct the paleo-sedimentation processes of the aquifers that underlie
Iguebe and the neighboring towns. The inversion model result for the seven VES
conducted in the study area show that the curve types are HQA, AHA, A, AHA, AHA,
HAQ, and AQA, respectively. These curve type suggested that the aquifer type is an
arenite sandstone aquifer that has been transported from a long distance. The geo-
electrical pattern and shape show that Iguebe and Ogwa (shallow marine) are the points
of deposition from where other nearby towns (Ugbegun, Ugiogba, Ebelle, and Ekpon)
sourced their aquifer by gravity settling from suspended sediments in water body into
adjacent deep marine environment (Ugbegun, Ugiogba, Ebelle, and Ekpon). The two
towns are the hydraulic-head of the aquifer in the study area. These geological processes
are responsible for the variation in the water table in the study area.

1. Introduction

Paleo-sedimentation processes of an aquifer are all the
processes that had taken place in the past as at the time of
transportation and deposition of an aquifer in a basin (Arua
1986; Arua and Okoro, 1989). These processes are controlled
by sediment source availability, agents of weathering,
transport media (glacier, wind, and water), proximity of
source to basin, bio-chemical activities (Stow et al., 2001;
VerStraeten et al., 2011), mechanical activities, and change
in sea level (Brett et al., 2011; Ryan et al., 2015). Paleo-
environment where these processes occurred determines the
yield of an aquifer. These processes determine the character
of an aquifer (Woodrow, 1985; Gary, 2009). Hence the
knowledge about the paleo-sedimentation of an aquifer is a
clue to the aquifer characteristics. However, aquifer formed
by these processes can be altered by geological processes such
as erosion and tectonic activities. Integration of geochemical
and petrographical data of sandstone in a sedimentary basin
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can reveal the nature, Palaeo-environment of the sediments
that fill the basinsins (Valloni and Mezzardi, 1984,
McLennan et. al., 1993; Kroonenberg, 1994).

However, Aigbedion and Salufu (2021) have been able to
combine geoelectrical section of sediments and petrographic
of sandstone of a basin to reconstruct the Paleo
transportation and depositional environment of the
sandstone with a successful result. Existing literatures has
given the evolution of Anambra Basin, its stratigraphic
setting, and Paleo environment using petrographic and
sedimentological studies (Nwajide and Huque, 1985; Idowu
and Ekweozor, 1993).

Little/scanty literatures about the hydrogeology and geology
of Igueben exist. However, borehole data of the wells in the
area was provided by Rock Well Drilling Company as
acquired in 2018 (Rock Well Drilling Company, 2018).
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Igueben has been known to have groundwater occurrence at
both shallow depths (120-140 m) and deep depths (220 m and
above) while Ugiuogba, Ugbegun, Ebelle, and Ekpon that are
neighboring towns have deep aquifers. However, no existing
literature have been able to explain the reason for such
occurrence. Borehole data from these towns have shown that
the aquifer comprises the same derived properties such as fine
grained sandstone facies. Existing literatures have not been
able to give reason(s) for the variation in the water table

among the Oligocene age aquifers that exist in Igueben. This
present study is intended at unraveling the reason and the
salient hydrological processes that occur in the study area by
re-constructing the Paleo-sedimentation processes of the
aquifers that underlie Iguebe and the neighboring towns
using geo-electrical section according to Koefoed (1979) and
borehole data of the areas to characterize the aquifers
according to aquifer’s sandstone type (Aigbedion and Salufu,
2021), aquifer deposition environment and hydraulic head.
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Fig. 1. Satellite map of the study area showing Igueben and neighbouring towns

2. Geographical and Local Geology Setting of Study Area
The study area is located in the part of Esan Central in Edo
State. The area is part of the Lower Benue Trough (Anambra
Basin) arm that extends to Edo State (Benkheilil, 1989). The
basin was evolved after the Santonian Tectonic event that
occurred in the Southern Nigerian (Benkheilil, 1989).

It comprises Iguebe, Ugiogba, Ugbegun, Ogwa, Ebelle, and
Ekpon (Fig. 1) in Iguebe Local Government Area of Edo
State, Nigeria. The area is accessible by major road, Uromi-
Agbor Road, and other minor roads (Fig. 1).

The area is underlain by clayey sandstone and lateritic
sandstone facies that belong to Ogwashi-Asaba Formation.
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The formation has a general strike of 89°NE-269°SW, dip
direction is towards 178° SE, and dip is 5°. This shows that
the basin is tectonically stable, no history of tectonic
activities. The lateritic sandstone facies covers Ugbegun,
Ugiogba, Ogwa, Igueben, and Ebelle while Ekpon is covered
by clayey sandstone facies (Fig. 2). The sandstones have
general dip direction of south east direction with 5° dip (Fig.
2). The sandstones are reddish to brown and friable.

3. Material and Methods

3.1. Data acquisition

Seven VES were conducted in Igueben and neighboring
towns (Fig. 3) using Schlumberger array (Fig. 4) to determine
the depth of water table and depth of aquifer occurrence in
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each town. Borehole data of four wells in the study area were
obtained from Rock Well Drilling Company (2018). The
result of seven VES obtained in the area was integrated with
the borehole data to generate geo-electrical resistivity section
of the area. The motive of the geo-electrical section of the

study area was used to characterize the aquifer and infer the
paleo-sedimentation processes that had taken place in the
course of aquifer deposition in the area. Thus salient
information useful to the modeling of the hydrogeological
setting of the area was deduced.
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Fig. 2. Geological map of the study area

As the fluid flow into the basin or from one part of the basin
to another part in the time past, the fluid carried sediments
along and got deposited into the basin as fluid mass. The fluid
masses either gained or lose velocity by moving into an area
where the velocity had changed in time at any position. The
deposited sediments can be aquifer, aquitard or aquiclude.
The total fluid acceleration during sedimentation in a basin

. Du
is givenas —.
Dt

where, Capital D is total differential coordinate and s is
natural coordinate.

Hence,
Du _ Ju 4 <6u) )
Dt adt \ds
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Expanding into 3D coordinate Equation 2 becomes:

Du Jdu
ou Ju Ju
—=—+ (ug¥ +vjy +w, @)
Thus, Equation 2 can be transformed to:
Du Jdu
—=—+uVu 3)
Dt at

Aquifer that is deposited in a basin can be located by VES
using the basic principle of ohm’s law:

R

4
- 4
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Resistivity in Equation 4 is the measured resistivity by  multiplying Equation 4 with geoelectric factor (K) to have
Terrameter. The true resistivity of the subsurface is gotten by  apparent resistivity (p,).
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Fig. 3. Topography map of the study area showing the VES point locations
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Fig. 4. Schlumberger array (after Lowrie, 1997)

Table 1. Raw field VES data acquired in the study area

Ugbegun Ugiogba Ogwa Igueben Iguebe South  Ebelle Ekpon

SO AR (Qm) (Qm) (Qm) North (Qm) (Qm) (Qm) (Qm)
1 5 2 1493 726 1493 1593 786 616.14 770

2 15 2 1559 887 1359 1659 987 826.9 1571
3 20 2 2117 1174 2217 2217 1274 918.6 2134
4 40 5 2178 1520 2378 2678 1620 1027 3145
5 80 5 3156 1493 3456 3456 1593 2091 4156
6 120 10 2267 1559 4767 4567 1659 3189 6473
7 140 10 2267 2117 4867 4667 2217 3563 7895
8 180 10 2589 2478 4989 4789 2678 3465 9312
9 220 15 4498 4356 4898 4798 3456 3387 13459
10 360 15 4821 4567 4701 4801 4567 3667 15678
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Hence, Equation 9 becomes:

K is computed using the general Equation 6.

Let the separations of current and potential electrodes in Fig.

4b L and a, respectively. General equation is given as: 0y = L4 (Lz—az) (10)
a7 41\ a
v 1 ,
Pa 21'[7 T T 6) 3.2. Inversion Model
(Z - E) - (E - 5) Subsequently, Res1Dinvers is used to carry out the inversion

model to produce a model response that matches the
Then measured values by using the least-squares optimization
’ method after Lines and Treitel (1984) according to Equation
11 as shown below:

L-2
a=p=42 @
U™+ AAg,=]"g) 1n
c=p=%2 ®) o . .
2 The purpose of the inversion subroutine was to determine the
resistivity and thickness of the aquifer in the study area and
Substituting in Equation 6. to determine depth to water table and geology of the area.
Resistivity model test (Schlumberger a=2m) Resistivity model test (Schlumber, 2m
Cal. app. res. 0.5 so Do, 500.0 0.5 5 : . gﬂa:;'fsf: @ 500.G
— 10000.0, v T v T : Cal. app. res. 10000 0 . : . : .
obf; 9P 108, | | Obs. app. res.
. +
:;. l:‘ : | : LT Iter. 8
. Hes. . . .
RMS error 6.44% % SO . l ........ B 13 SRR SRR a&’s:":"wxm
Model : | : : Model
- | . E]
: | P Z :
10000} — —f— — — — — —t - ——
: | : 9)"" : b
|
. |
Resis. l Resis.
100057 0 100, ! 100.05" 0.0
(a) Elec. spac. (b) Elec. spac.
Resistivity model test (S ‘l;w:hdb;-ﬂz‘-l Resistivity model test (S Ll;cp:holh;vzx-l
Cal. app. res. loooo..f"“ : '5(;_0 . 500.0 Cal. app. res., y 0.5 5.0
Obi. app. res. I Obs. app. res. !
: : + : |
Iter. 8 | Iter. 8 |
RS arror 2212 A% e 00 [ L P ol v sz L : | :
Model : — | : Model | S p—— | " T ——
$ > 10000.0 - 2
] Nl . : H A
lmo————i—’id—:—-—-———; ............. é ......... ]I ....y/{ wopedecboadaden
| N d
: I 1000.0f- — — -} —r m -
Resia. | ... .. 9 L R T W —— I
: | g 1 e I} S i i bl el L 1 8
I : |
"l i N 100.0 i L
100.0,
il B - “(d) "% Cloc. spac.

Fig. 5. a) Inverted model layer for VES 1 taken at Ugbegun, b) Inverted model layer for VES 2 taken at Ugiogba, c) Inverted model layer for VES 3 taken at
Ogwa and d) Inverted model layer for VES 4 taken at Iguebe north in Edo State

Where; Q is the model parameter vector that consists of the  discrepancy vector that consists of the difference between the
logarithm of the resistivity and thickness of the layers, gisthe logarithms of the calculated and measured apparent
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resistivity values, Aq is the model parameter change vector,
and J is the Jacobian matrix of partial derivatives. The
elements of Jacobian matrix are expressed in Equation 12.

_9%

Jij = 3q;

12

It is the change in the /" model response fi due to a change in

Resistivity model test [Schlumberger a=2m)
Depth of lapers

the / model parameter gj. The I is the identity matrix. The
factor A is known as the Marquardt or damping factor, and
this method is also known as the ridge regression method
(Inman, 1975). The damping factor effectively constrains the
range of values that the components of parameter change
vector can Ag take. The damped least-squares method
attempts to minimize a combination of the magnitude of
the discrepancy vector and the parameter change vector.
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Fig. 6. a) Inverted model layer for VES 5 taken at Iguebe south, b) Inverted model layer for VES 6 taken at Ebelle and c) Inverted model layer for VES 7

taken at Ekpon in Edo State

4. Results and Discussion

The result of raw field resistivity data acquired in the study
area is given in Table 1. The inversion model is given in Fig.
5 and Fig. 6. The inversion model for the seven VES
conducted in the study area showed that the curve types for
the seven VES are HQA, AHA, A, AHA, AHA, HAQ, and
AQA, respectively. The pattern of the curve type showed that
the aquifers are arenit sandstone that had undergone second
cycle, sedimentsrecycled probably from a long distance. The
resistivity results for the seven VES acquired in the study area
showed that Ogwa and Iguebe have the shallowest water
table 110 m and 120, respectively. However, Iguebe result
indicated that Iguebe has two distinct water table; shallow
and deep; 120 m and 220 m, respectively. The shallow water
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table is restricted to the northern part of Iguebe while the deep
water table occurs in the southern part. Ugiogba, Ugbegun,
Ebelle, and Ekpon, have deep water table; 240 m, 250 m, 230
m, and 240 m, respectively.

5. Re-Construction of Paleo-Sedimentation Processes of
Iguebe and Environs

The integration of resistivity section and the borehole data in
the study area obviously revealed the fact that the aquifer
deposits depth was shallow at Iguebe north and Ogwa, thus
became deepening towards the south and extreme north of
the study area in Iguebe south, Ugbegun, Ugiogba, Ebelle,
and Ekpon. They are located as shown in the geo-electrical
resistivity section of the study area (Fig. 7).
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The borehole data (Fig. 8) in the study area confirmed this
fact. The pattern of the geo-electrical section showed that

VES2

250

Gkmi

VESS
iguebe

Ogwa and Iguebe north represented the point in the ancient
sea where river flowed into the standing body of water (sea).

wELE
Epelle

VST
Ekpon

Oh e mster Interpretanon

Laveritc sendy

oo aoil
2B0- 6000

1500 Clayey
e dgnditong

BOD0-4000 g

(Water table
2000-2000

silzsmna

B000-22000 At

Fig. 7. Geo-electrical resistivity section of the study area
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The geo-electric pattern suggests that Ogwa and Igueben are
the hydraulic-head of the aquifer in the study area. The
sediment continued to get deposited at the mouth of the
standing sea and subsequently got distributed to deeper part
(Ugiogba, Ugbegun, Iguebe south, Ebelle, and Ekpon) of the
ancient sea by the flow of the river into the sea, in response
to the gravity.

The grain size of very fine grained sandstone and siltstone
sequence (Fig. 8) that majorly the character of the aquifers in
the study area corroborated the fact that the sandstone were
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transported from very far distance into the basin (sea) later
moved from the mouth of the sea (shallow part) to other
deeper parts as suspended load within the water body (sea).
The motive of the geo-electrical section and litho-log of
boreholes section indicates Ogwa and Iguebe north to be the
hydraulic head (HH) of the entire aquifers in the study area
(Fig. 8). This is due to the manner the paleo-sedimentation
processes occurred in the area. Thus, groundwater moved
from the Ogwa and Igueben north radially to other aquifers
around them. Hence the aquifer that underlies the study area
was deposited in a transitional (tidal flat) between marine and



S. O. Salufu and I. Aigbedion

International Journal of Earth Sciences Knowledge and Applications (2022) 4 (2) 242-249

fluvial where wave energy washed silt and clay away, leaving
sandstone particles behind.

6. Conclusion

Palaco-sedimentation processes of Iguebe and environs have
been successfully carried out using integrated data of vertical
electrical resistivity and borehole in the area. The data was
used togenerate geo-electrical resistivity section of the
aquifers that underlay the area in order to re-construct the
aquifers trends and body. Subsequently, the ancient
geological processes that led to the deposition of the aquifers
and the palaeo-environment of the aquifer was delineated
using the geo-electric section and the borehole data. The
study has shown that Iguebe north and Ogwa are the depo-
center where wave energy from marine environment washed
the transported sandstone from far source and distributed it
to deeper parts (Iguebe south, Ugbegun, Ugiogba, Ebelle,
and Ekpon) of the marine by suspension of particles that
settled down due to gravity effect. Thus, the aquifers were
deposited at different marine environments during
Oligocene. This was responsible for the variations in the
water table across the study area.
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