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Abstract

This study was aimed at mapping the subsurface extent of saline water intru-
sions into aquifers at the eastern part of Dahomey basin, Nigeria. The study
adopted geoelectric sounding methods. 108 vertical electrical soundings (VES)
and 9 induced polarization soundings (IPS) data were acquired using Schlum-
berger array technique. Three aquifer units were delineated across the study
area. The resistivity of the first, second and third aquifer layers varies from 0.2
to 1569 ohm-m, 0.5 to 904 ohm-m and 0.4 to 665 ohm-m respectively, while
depth to the top of first, second and third aquifer varies respectively from 0.7
to 151.5 m, 1.4 to 305.5 m and 12.9 to 452.9 m. The depth to the first aquifer
layer is shallow (less than 5 m) in the coastal area which makes this area to be
highly vulnerable to anthropogenic pollution while their proximity to Atlantic
Ocean makes them susceptible to saline water intrusion. In all the three aqui-
fer units, the coastal area, Agbabu and other few locations in the mainland are
characterized by low resistivity values (below 60 ohm-m) indicating possible
presence of brackish or saline water. IP sounding results showed that all the
low resistive layers in the mainland are characterized by clayey materials. The
integration of VES and IPS results enabled the delineation of the saline water
lateral extent across the study area. There is a strong direct correlation (7 =
0.8564) between location distance from the saline water source and depth to
saline water in the study area. This can therefore serve as a predictive model
to determine depth to saline water at any location within the saline water zone
in the study area.
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1. Introduction

Groundwater resources have now become major sources of fresh water in Nige-
ria and many African countries. This is largely due to the fact that government at
all levels are no longer paying attention to construction of dams for production
of potable water for public use, hence most Nigerians depends on groundwater
abstraction through construction of hand dug wells and boreholes. One major
environmental problem regularly confronting continental areas adjoined by
oceans is saline water intrusion into the coastal/continental aquifer. This has
been reported by several authors across the world [1]-[10]. Not much works
have been done on saline water intrusions in the study area. Low resistivity lay-
ers suspected to be saline/brackish water intrusion into the aquifers in the area
were earlier delineated [11] [12] [13]. In other part of the eastern Dahomey ba-
sin, Lagos State, Nigeria, combination of electrical resistivity and induced pola-
rization methods were used [14] [15] [16]; while in another work [17] water
physicochemical analysis and electrical resistivity tomography were integrated in
the study of possible saline water intrusion into the area. In all these studies, low
resistivity values suggesting saline/brackish water, or clayey layers were deli-
neated. This study represents the first major attempt to delineate saline water

intrusion into aquifers in the study area with a considerable large data set.

2. The Study Area
2.1. Description of the Study Area

The study area stresses across six Local Government councils in the southern
part of Ondo and Ogun States, South Western Nigeria. It is bounded by the
following coordinates: longitudes 4°22'22.5"E and 5°10'2.0"E and latitudes
5°50'44.1"N and 6°39'39.5"N and it covers a total area of about 4200 km? (Figure
1). The area is generally characterized by flat and gently undulating topography.
The elevations vary between 13 to 83 m above sea level in the mainland and 2 to

10 m in the coastal area (Figure 2).

2.2. Geology of the Study Area

The study area is underlain by the sedimentary sequence of the Dahomey basin.
The Dahomey Basin stretches from south-eastern Ghana to south-western Nige-
ria. It is separated from the Niger Delta by the subsurface basement high (Oki-
tipupa Ridge) around Okitipupa in Ondo State, Nigeria [18] [19]. Dahomey ba-
sin contains extensive wedge of Cretaceous to recent sediments, which thicken
towards the offshore [20] (Figure 3). Six lithostratigraphic units have been iden-
tified by various workers. The formations from the oldest to the youngest in-
cludes: Abeokuta Group (Cretaceous), Ewekoro Formation (Paleocene), Akinbo
Formation (Paleocene-Eocene), Oshosun Formation (Eocene), Ilaro Formation
(Eocene) and Benin Formation (Oligocene-recent). The known aquifers in the
study area are mostly within the Benin Formation [21]. The formation consists

of unconsolidated, poorly sorted sands with lenses of clayey shale [22].
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Figure 1. Location map of the study area showing VES locations.
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Figure 2. Topographic map of the study area.

3. Methodology

The study adopted geoelectric sounding methods. A total of 108 vertical electric-
al soundings (VES) and 9 induced polarization sounding (IPS) data were ac-
quired using Schlumberger array technique (Figure 1). The maximum current
electrode separation (AB/2) was varied from 225 to 750 m. The field data were
interpreted using the conventional partial curve matching technique supported
with computer iteration. The VES and IPS results are as presented in Table 1
and Table 2 respectively.

4. Discussion of Results

Maximum of eight geoelectric layers were delineated across the study area. The
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layer resistivity values vary from 0.2 - 21,806, 0.2 - 36,762, 0.2 - 7958, 0.4 -
14,243, 2 - 10,798, 9 - 5285 and 10 - 18,527 ohm-m in the topsoil, second, third,
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Table 1. Vertical electrical sounding results.

VESNO LOCATION RESISTIVITY (Q-m) THICKNESS (m) CURVE
PUP2P3 e eenees Pa d,/dy/df......... d, TYPE
1 Omi 1274/646/6170/369/7 0.7/8.9/28.1/165.3 HKQ
2 Sabomi 192/444/696/65/3763 0.9/9.0/40.8/420.0 AKH
3 Igbotu 796/2012/860/757/69 0.8/5.4/81.6/9.2 KQQ
4 Agadagba 4681/1800/153/31 1.5/2.0/247 QH
5 Tjuosun 76/118/290/1352/203 0.9/1.9/17.9/65.2 AAK
6 Akotogbo 1349/2104/4745/1175/50 0.6/5.9/38/80.8 AKQ
7 Ajagba 1232/2062/396/59 1.4/23.3/73.7 KQ
8 Igbekebo 1333/631/1245/350/176 0.6/4.2/19.0/80.6 HKQ
9 Asisa 0.6/0.8/1.9 2.7/143.9 A
10 Obenla 1.6/0.2/24/124 4.4/20.2/31.7 HA
11 Igbobini 1372/662/3328/411/195 0.8/3.0/16.5/169.8 HKQ
12 Oluagbo 3024/145/631/428/206/5285 0.7/0.1/12.4/2.8/64.4 HKQ
13 Irele 709/142/876/8818/428/3243 0.9/0.8/1.2/20.3/187.5 HAKH
14 Laworo Camp 157/762/386/4237/8522/119 0.4/0.2/13.2/7.6/34.5 KHAK
15 Lokaka Camp 876/492/5844/878/1494 1.0/1.0/1.4/116.5 HKH
16 Owode Road 843/824/6165/790/21 1.2/5.0/22.2/276.8 KKQ
17 Okitipupa 1543/898/5416/113 0.9/8.3/45.1 HK
18 Ikoya 401/1276/41/568/4731 0.5/1.7/0.5/25.9 KHA
19 Iutitun 230/106/678/852/262 0.8/7.8/10.6/43.6 HK
20 Igbinsin Oloto 4254/1128/3247/563 1.0/7.4/77.5 HK
21 Igboegbugurin 10608/821/1314/356/10798 0.8/5.3/18.6/25.4 HKH
22 Itebu Kunmi 21806/36762/2647/7925/1320 0.7/1.0/15.6/134.2 QHK
23 Mahintedo 1298/190/7958/757/175 0.8/0.7/10.8/89.9 HKQ
24 Itebu Elero 1457/476/1000/213/9675 0.4/3.1/32.2/287.7 HKH
25 Loda Camp 197/3480/597/3739/623 0.5/0.8/11.8/112.3 KHK
26 Ayila 350/1377/1121/291/56 0.8/0.4/30.0/111.2 KQQ
27 Aiyesan 432/1154/392/2011/179 0.8/1.5/2.7/62.0 KHK
28 Lomiroro 456/837/1258/2273/165 0.8/5.2/11.3/49.3 AAK
29 Efire 56/1199/218/1551/434/82 0.7/0.2/8.8/12.9/81.6 KHKQ
30 Atijere 3582/11265/4762/176/139 0.8/0.6/8.1/93.5 KQQ
31 Makun 2023/4007/2978/119/84/139 0.7/2.8/7.0/13.1/97.4 KQQH
32 Araromi-Obu 2236/2592/6412/466/335 0.9/13.5/51.0/24.9 AKQ
33 Agbure 1395/1296/2410/620/274/72 1.3/3.5/24.7/14.7/123.7 HKQQ
34 Tlusin 1055/236/9179/717/71 1.8/2.6/23.4/26.0 HKQ
35 Abigi 568/450/2084/297/56 0.8/3.9/68.1/121.0 HKQ
105 Adagbakuja 2 0.9/0.6/0.9/7.4 1.0/7.2/43.0 HA
106 Oluagbo Noisy data
107 Agbabu 2 Noisy data
108 Igbobini 2 Noisy data
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fourth, fifth, sixth and seventh geoelectric layers respectively. The eighth geo-
electric layer was delineated only at Ode Ayel with resistivity value of 523 ohm-
m. Layer thicknesses across the study area vary respectively from 0.4 - 10.6, 0.1 -
58.6, 0.5 - 206, 1.7 - 423.5, 7.6 - 263 and 81.2 - 133.5 m in the topsoil, second,
third, fourth, fifth and sixth geoelectric layers respectively. At Ode Ayel, the
thickness value of the seventh layer is 15.2 m. Thirty-five (35) different curve
types were delineated across the study area (Figure 4) varying from simple to

complex types.

4.1. Geoelectric Sections

Figure 5 shows the geoelectric section connecting Ajegunle, Igbinsin-Oloto,
Orereara, Ileriayo, Oriopo, Apata Ijaw, Molutehin and Oretan along the north-
west-southeast direction. Three to seven geoelectric layers were delineated across
this section, which corresponds to four geologic layers; the topsoil (red sand),
coastal alluvium (white sand), lateritic sand, clayey sand/mud-peat and sandy
clay. This section reveals possible presence of brackish/saline water in Ileriayo,
Oriopo, Apata-Ijaw and Oretan. This suspicion is based on the low resistivity
values (below 60 ohm-m) obtained within the coastal alluvium and clayey sand
beneath these VES locations.

Figure 6 shows the geoelectric section connecting Atijere, Obe-Rebiminu,
Zion, Temidire, Abaalala, Gbabijo, Asisa, Eruna, Ayetoro, Obenla, Awoye, Mo-

lutehin and Oretan along the southwest-southeast direction. Four to five geo-

®Frequency ™ Percentage

Figure 4. Curve types obtained from the study area and their rate of occurrence.
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electric layers were delineated across this section which corresponds to three
geologic layers; coastal alluvium, clayey sand/mud-peat and sandy clay. Low re-
sistivity values (mostly below 30 ohm-m) were delineated within coastal allu-
vium and clayey sand beneath Obe-Rebiminu, Zion, Gbabijo, Asisa, Abaalala,
Eruna, Ayetoro, Obenla, Awoye, Molutehin and Oretan. These low resistivity

values are indicative of brackish/saline water. The proximity of these locations to
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the Atlantic Ocean is responsible for this saline intrusion.

The north-south geoelectric section (Figure 7) connecting Ominla, Oluagbo,
Igodan Lisa 2, Igbokoda 2, Oriopo, Ugbo, Ugbonla and Ayetoro delineated very
low resistivity values beneath Idepe, Ugbo, Ugbonla, Adagbakuja and Ayetoro.
Four to six geoelectric layers were delineated across this sections and they cor-
responds to five geologic layers namely; topsoil (red sand) which gradually
change to coastal alluvium towards the shore line, lateritic sand, sandy clay/
mud-peat and clayey sand. Low resistivities (1 - 60 ohm) typical of saline water
intruded layer were delineated beneath Ugbo, Ugbonla and Ayetoro. Resistivities
of all the layers delineated along this section decreases toward the shore, this
suggest that the saline water intrusion mapped along this geoelectric section
emanated from the Atlantic Ocean.

The second north-south geoelectric section (Figure 8) connects Loda, Ayadi,
Legbogbo, Irele Road, Omi, Igbotu, Adagbakuja, Apata Ijaw and Awoye. Low re-
sistive layers were delineated beneath Legbogbo, Irele road and Omi area. How-
ever the IPS results (Table 2) showed that low resistivities recorded in these
areas are due to presence of clay layers beneath these VES locations. Towards the
coast at Adagbakuja, Apata Ijaw and Awoye low resistivity values (1 - 3 ohm-m)
were recorded, indicating possible presence saline water within the coastal allu-

vium, sandy clay/mud-peat and clayey sand layers.

4.2. Aquifer Layers

The aquifer layers across the study area were identified and presented as resistiv-

ity and depth maps.
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Figure 7. Geoelectric section along N-S direction.

K2
0:{5: Scientific Research Publishing

221



I. A. Adeyemo et al.

Tr4 (N)

Elevation (m)

Loda

197
3480

50

-504

-100

-150

Scale;

7

20000m

40000m

%,
4 5 Trd' (S)
%, T
. % Y
Adagbakuja 3
39 - 3
1"-_T_-

96

LEGEND

Top soil (Red sand)

Coastal alluvium (White sand)

-

.

Sandy clay/mud-peat
Clayey sand

. *| Lateritic sand

4 N Possible brackish/saline water zone

Figure 8. Geoelectric section along N-S direction.

Table 2. Correlation of VES and IPS results.

RESISTIVITY (Q-m THICKNESS (m DEPTH (m
VES NO LOCATION p1/p2/p3.......( .Pa ) hy/hy/hyl....... (h) d /dz/da/..f...)..dn
96 Legbogbo 347/98/535/106/7362 1.0/2.2/14.2/55.2 1.0/3.2/17.4/72.6
97 Omi 637/238/3828/417 0.5/5.3/19.8 0.5/5.8/25.6
98 Iyansan Road 125/4573/1285/19 2.6/18.3/31.2 2.6/20.9/52.1
99 Agadagba 2968/65/9927/244 1.6/2.1/40.2 1.6/3.7/43.9
100 Ayeka 1058/303/1717/1422/457/33 0.8/1.8/5.5/0.8/127.4 0.8/2.6/8.1/8.9/136.3
101 Obinehin 2051/80/38/3241 0.7/2.4/22.4 0.7/3.1/25.5
102 Zion Pepe 894/284/33/14519 0.9/2.3/29.5 0.9/3.2/32.7
103 Odeaye 973/270/1077/279/37/16012 1.0/0.7/8.4/27.6/67.9 1.0/1.7/10.1/37.6/105.5
104 Agbabu 701/62/286/4459 3.2/6.2/38.4 3.2/9.4/47.8
CHARGEABILITY (msec THICKNESS (m DEPTH (m
IPS NO LOCATION M,/My/M,......... .(Mn ) hy/hy/hy....... (h) d1/d2/d3/....(....). d,
1 Legbogbo 1/4.2/1/1.8/9/42/180 0.6/1.7/3.3/1.0/11.3/29.1 0.6/2.3/5.6/6.6/17.9/47.1
2 Omi 0.3/1.2/0.7/5.2/109 0.3/1.7/12.7/19.1 0.3/2.0/14.7/33.8
3 Iyansan Road 1/6/0.3/5/36/577 3.1/5.4/3.4/11.8/24.9 3.1/8.5/12.0/23.8/48.7
4 Agadagba 4/2.4/17/25/35/8105 0.8/1.6/2.3/6.5/29.1 0.8/2.4/4.7/11.1/40.2
5 Ayeka 1/2/23/158/317 0.5/12.2/15.3/93.7 0.5/12.7/28.0/121.7
6 Obinehin 1.3/16/17/9/53/505 0.5/3.8/7.0/20.9/26.2 0.5/4.4/11.4/32.3/58.4
7 Zion Pepe 4/11/140/315/894 4.3/0.3/12.0/16.0 4.3/4.6/16.6/32.6
8 Odeaye 973/270/1077/294/37/1601 1.4/0.7/1.4/34.5 1.4/2.1/3.5/37.9
9 Agbabu 2/16/118/970/123 1.1/1.1/3.3/57.6 1.1/2.3/5.6/63.2
222 5

S
0‘2

%

Scientific Research Publishing



I. A. Adeyemo et al.

The resistivity of the first aquifer layer (Figure 9) varies from 0.2 (Obenla) to
1569 ohm-m (Ayadi). In the coastal areas and Agbabu, Ilubirin and part of Ode
Aye in the northern part of the study area, the resistivity values fall below 60
ohm-m, suggesting that the shallow aquifers in these locations might contain
brackish or saline water. The IP sounding results (Table 2) give low chargeabili-
ty values within the low resistive layer at Agbabu, but high value at Ode Aye,
thereby confirming possible saline water intrusion only in Agbabu. That saline
water exists in Agbabu was equally attested to by hydrochemical analysis earlier
carried out across the study area [11] [24]. The depth to first aquifer layer ranges
from 0.7 (Eruna and Molutehin) to 151.5 m (Itebukunmi). The depth to first
aquifer layer map ((Figure 10) shows that depth to first aquifer layer is generally
shallow (less than 5 m) in the coastal area and generally water logged. The first
aquifer unit in this area is highly susceptible to anthropogenic pollutants due to

its shallow nature and possible poor protection by the overlying sandy layers.
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Figure 9. First aquifer layer resistivity map.
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The resistivity of the second aquifer layer (Figure 11) varies from 0.5 (Molu-
tehin) to 904 ohm-m (Apata Ijaw). The low resistivity values along this aquifer
extends only to some coastal towns, such as Obe-Rebiminu, Eruna, Ugbo, Gba-
bijo, Adagbakuja, Abealala, Awoye, Ugbonla, Araromi seaside, Ayetoro, Molu-
tehin and Oretan. It also extends to the north eastern area of Owode, Iyansan,
Agadagba, Laworo, Legbogbo, Lokaka, and Irele and including Ode Avye,
Oluagbo, Okitipupa and Idepe in the north central part of the area. The IP
sounding results (Table 2) again shows high chargeability values at Odeaye,
Iyansan road and Agadagba thereby eliminating the possibility of saline water
within the second aquifer layer within the northeastern area. The depth to

second aquifer across the study area varies from 1.4 (Awoye) to 305.5 m (Owode
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Figure 11. Second aquifer layer resistivity map.

road). The map showing depth to second aquifer layer (Figure 12) indicates that
depth to this aquifer layer is shallow (less than 23 m) in some part of the coastal
areas, such as Obe-Rebiminu, Araromi Seaside, Temidire, Ugbonla, Ayetoro,
Awoye, Molutehin and Oretan. Likewise in some places in the mainland the in-
termediate aquifer also exists at shallower depths. Some of these areas are closer
to streams and river tributaries which are directly or indirectly connected to the
sea water. This explains the possible brackish/saline water suspected in these
areas.

The resistivity of the third aquifer unit (Figure 13) varies from 0.4 (Eruna) to
665 ohm-m (Oriopo). The low resistivity values along this layer extends to Ara-
romi seaside, Obinehin, Gbabijo, Adagbakuja, Ugbonla, Eruna, Ayetoro, Awoye
and Molutehin in the coastal area. This is indicative of saline water intrusion in

this area. However in the northeastern part of the mainland, low resistivity val-
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Figure 12. Depth to second aquifer layer map.

ues were delineated in many places such as: Ayadi, Legbogbo, Irele road, Lokaka,
Laworo, Agadagba, Arogbo and Amapere. This probably suggests that aquifers
in this area contain brackish to saline water. Again the IP sounding results nulli-
fied any suspicion of occurrence of brackish/saline water intrusion in these
areas, based on high chargeability values obtained from these area.

The depth to the third aquifer layer (Figure 14) ranges from 12.9 (Awoye) to
452.9 m (Arogbo). The depth to the third aquifer layer is generally significant
(about 100 m) in most parts of the coastal towns and mainland with the excep-
tions of Zion, Temidire, Ogoluwayo, Ebute Ipare and Abealala, in the western

and eastern parts of the study area.
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Figure 13. Third aquifer layer resistivity map.
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4.3. Average Longitudinal Resistivity

Average longitudinal resistivity; a second order geoelectric parameter was calcu-
lated from the primary geoelectric parameters and presented as map (Figure
15). The map enabled the delineation of lateral extent of saline water intrusion
across the study area based on resistivity values. Low resistivity values (less than

60 ohm-m) were considered to be brackish to saline water intruded zone.

4.4. Saline Water Extent

Saline map showing the extent of saline water into areas (Figure 16) was gener-
ated based on the three aquifer layer maps and the average longitudinal resistiv-
ity map. The map project possible extents of saline water intrusion across the

study area. The map shows that the southeastern part are the largely affected by
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saline water intrusion, this perhaps due to the fact that there are more tributaries

in this area through which sea water can move land ward.

4.5. Depth to Saline Water Predictive Model

Strong correlation was also observed between the depth to the saline water in a
given location and the distance from salinity source; Ocean, tributaries, canals,
streams or rivers bearing saline water (Figure 17). Where a location is close to
the source of saline water, the depth to the saline water will be shallow and con-
versely where the location is far from salinity source depth to the saline water
will be deeper. The correlation curve (Figure 17) shows a strong direct correla-

tion (#* = 0.8564) between distance of location from the saline water source and
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Figure 14. Depth to third aquifer layer map.
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Figure 15. Average longitudinal resistivity map.

depth to saline water. This can therefore serve as a predictive model to deter-
mine depth to saline water at any location within the saline water zone in the

study area.

5. Conclusion

This study has revealed the presence and extent of saline water intrusion in the
coastal areas and Agbabu in the north central part of the study area, and this
probably suggests presence of connate water. Aquifer layers in the coastal area
also exist at shallow depths which makes these aquifers highly susceptible to
surface pollution in addition to the fact that their proximity to the oceans makes

them highly vulnerable to saline water intrusion.
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Figure 16. Saline water extent map.
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