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Saline water intrusion presently constitutes serious concerns in the Lagos municipality just like many
other coastal cities, thus necessitating its intervallic study. The present study involving 52 borehole
logs (consisting of natural gamma and electrical resistivity components) was aimed at delineating
intruded and vulnerable zones. Saline water columns defined by low resistivity values in the range of
0.1 and 20 Om as compared to fresh water (=2 100 Om) were delineated on 22 logs. Four of the geo-
sections generated in this study indicate saline water intrusion at depths varying from surface in
Satellite Town, Kirikiri, ljora, lganmu, Apapa, Lagos Island, lkoyi, Victoria Island and Lekki to depths
ranging from 40 m at Iganmu to 158 m at Lekki. Intrusions of 47 m (143 - 190 m) and 60 m (56 - 116 m)
were delineated at Ajah; 50 m (265 - 315 and 258 - 308) at Lakowe; 57 and 112 m (51 - 108 m and 198 -
308) at Ibeju Lekki, Akodo and 122 m at (233 - 355m) at Awoyaya. The hydrogeologic importance of the
Coastal Plain Sand aquifer unit in Lagos is under severe threat of continued sea water intrusion on its
southern flank. This study illustrates the current extension of the sea water intrusion. It highlights the
depreciation of the water resource due to over pumping at higher rate than the natural recharge and
slow sea level rise.

Key words: Borehole logs, saline water intrusion/incursion, natural gamma, resistivity, freshwater sand.

INTRODUCTION

Seawater intrusion is an inevitable problem of coastal
fresh water aquifer associated with urban area (Hwang et
al., 2004). Coastal aquifers constitute a vital source of
fresh water in these regions, and are increasingly used to
meet the water supply needs (Pareek et al., 2006). There
is vital need to monitor the feasible risk of saline water
intrusion of the coastal aquifers because, once saline
intrusion into coastal aquifer has occurred, it is extremely
difficult to overcome and improve the management of the
water resources based on long term strategy. Less than
2% of seawater intrusion in the fresh water can diminish
the water’s potability (Custodio, 1987). Frequently, bore-

holes have to be abandoned and other water sources
sought, often at high cost. The challenge of saline water
contamination in coastal aquifers is driven by a violation
of the delicate hydrogeological balance that exists
between freshwater and seawater in coastal aquifers
(Goldman and Kafri, 2004) due to large-scale ground-
water abstraction occasioned by rapid urbanization
(Pareek et al., 2006).

Due to the proximity of Lagos to the Atlantic Ocean
(Figure 1), the general population is faced with problems
of freshwater abstraction from the subsurface. It is
becoming harder for groundwater developers to construct
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Figure 1. Map of Lagos State showing location of boreholes utilized for study and geo-section lines.

boreholes in areas adjoining the sea without
encountering salt water. Some localities deemed
to be very problematic within Lagos metropolis
have been previously investigated using the
electrical resistivity method (Ayolabi et al., 2003;

Adepelumi et al., 2008).

Saline water intrusions vary in character and
thickness. Accordingly, identification, distribution
and nature of the intrusion can be used to identify
areas where aquifer(s) may be more vulnerable to
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contamination to mitigate the degradation of the
resources. The approximate thickness of the intru-
sion can be used to identify potentially sensitive
areas.

The large resistivity contrast between salt water-
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saturated formation and the fresh water-saturated
formation has been used for studying the salt water
intrusion in coastal areas (Bates and Robinson, 2000;
Hwang et al,, 2004). Fitterman et al. (1999), Nowroozi et
al. (1999) and Paillet et al. (1999) have reported the
applicability of geophysical well logging and surface
geophysical surveys for the evaluation of the seawater
intrusion characteristics. Numerous measurements and
studies have established correlation between resistivity
values and groundwater salinities (Zarroca et al., 2011).
In overall majority of cases, the portions of aquifers
saturated with seawater present resistivity values that are
generally below 3 Om (Goldman and Kafri, 2004).
Portions saturated with brackish water exhibit resistivity
values between 3 and 10 Om (Yechieli et al., 2001;
Repsold, 1989).

This study is aimed at identifying the lithological units,
saline water and fresh water horizons of the aquifer and
thus enabling the determination of the interface between
the saline water and freshwater aquifer sands. The
hydrogeological setting of the coastal areas of Lagos as
may be observed from this study will reveal information
on the geological stratigraphy and the fresh water
extension so that fresh groundwater aquifer can be
effectively protected for future use.

Description of the geology,
geomorphology of Lagos

hydrogeology and

Lagos is underlain by the Benin Basin (Figure 2). The
rocks of the Benin Basin are mainly sands and shales
with some limestone which thicken towards the west and
the coast as well as down dips to the coast (Oteri and
Atolagbe, 2003). The stratigraphic description of sedi-
ments in the basin has been provided by various authors
(Elueze and Nton, 2004; Nton, 2001; Okosun, 1990;
Omatsola and Adegoke, 1981; Ako et al., 1980). Five
lithostratigraphic formations covering the cretaceous to
Tertiary ages have been described. The formations from
the oldest to the youngest include: Abeokuta Group
(Cretaceous), Ewekoro Formation (Paleocene), Akinbo
Formation (Late Paleocene - Early Eocene), Oshosun
Formation (Eocene) and llaro Formation (Eocene). The
Abeokuta Group present an unconformity with the
basement complex.

The Abeokuta Formation constitutes a deep aquifer
only in the northern parts of Lagos city (Ikeja area) where
boreholes to the aquifer are about 750 m deep. The llaro
and Ewekoro Formations are not key aquifers in Lagos
as they are predominantly composed of shale/clay. The
only source of hydraulic information on the Ilaro formation
was obtained at Lakowe where no fresh water horizon
was intercepted. It has not been possible to differentiate
the Ewekoro as a target aquifer in any boreholes or
existing wells in the metropolis. The formation apparently
represents a minor groundwater resource in Lagos.

The Coastal Plains Sands is the main aquifer in Lagos
that is exploited through hand-dug wells and boreholes. It
forms a multi-aquifer system consisting of three aquifer
horizons separated by silty or clayey layers (Longe et al.,
1987; Kampsax and Sshwed, 1977). The aquifer thickens
from its outcrop area in the north of the city to the coast in
the south and the sand percentage in the formation also
changes from north to south (Longe et al., 1987).

MATERIALS AND METHODS

Fifty-two (52) borehole logs were used for the study. The logs
consist of natural gamma ray, single point resistance, short and
long normal resistivity (Figure 3). The log analysis involved the
identification of lithology, fluid content, saline water zones,
establishing of saline water horizon thickness and delineating of
freshwater aquifer.

Resistivity is measured by means of the introduction of a known
voltage through a probe consisting of R16, R32 and R64 units in a
water filled hole. The natural gamma radiation of the logged rock
encountered in the hole is also measured with the same sonde but
with a different probe. The natural gamma content and the
resistivity values are measured with ELGG™ sonde. The logging
tool utilized is the RG PC Logger II™ (Plate 1) with PCL II™
software. The natural gamma ray log component is interpreted
qualitatively to describe the lithological sequence of the borehole
formation while the resistivity component is interpreted to describe
the water quality (Figure 4).

Coode et al. (1996) has correlated the natural gamma ray log
obtained from different borehole locations in Lagos and their work
forms the basis on which different sand aquifers were identified and
classified. The resistivity data presented on the logs were
interpreted qualitatively in terms of resistivity values of formation at
various zones. Interpretations of the logs were based on the
classifications of Zohdy and Martin (1993) and modified by Ibrahim
(2008) (Table 1).

RESULTS AND DISCUSSION

The results of the study are presented as geo-sections
and maps. The geo-sections enabled the identification of
the various lithological units within the study area. The
maps were utilized to illustrate the fresh/saline water
lateral interface boundaries. Six sections were generated
from the study for the following axes:

A-A’ lkorodu - Badore - Sangotedo - Awoyaya; B-B’
Apapa - lkoyi - Victoria Island - Lekki - Ajah; C-C’ Victoria
Garden City - Sangotedo - Awoyaya - Lakowe - Akodo;
D-D’ Satellite Town - Kirikiri - I[ganmu - Bariga - Ikorodu;
E-E’ Agbara - Egan - Idimu - Agidingbi; F-F’ Mosinmi -
Odongunyan - Ikorodu - Ibeshe.

Twenty-two (22) of the 52 logs interpreted intercepted
saline water at various depths. The shallowest saline
water interface was obtained at Victoria Island area
(southern flank of the metropolis) while the deepest
interface was delineated at depth of 308 m in Lakowe
area (southeast of the metropolis).



Oladpo et al. 19

3700’ 320" 3°40° Ao’ 4720 A

ABEQKUTA FORMATION
BASEMENT COMPLEX
ISLAND

RECENT ALLUVIUM

COASTAL PLAIN SANDS
ILARO/OSHOSUN FORMATIONS
EWEKORO/AKINBD FORMATIONS

WATER BODY

gl

Sefttlement

740"

OKITIPUPA —_—

BIGHT OF BENIN

700"

3700 370 370 4°ba’ 4720’

1] 40 Kilometers
T —

Figure 2. Geological map of Lagos.

Geo-section A-A’: (lkorodu - Badore - Figure 5 while the interpretation summary is four areas - lkorodu, Badore, Sangotedo and

Sangotedo - Awoyaya) presented in Table 2. The section shows a Awoyaya were utilized for generating the section.
general lithological dip in the south laterally in the The section shows a significantly thick clay/shale

The geo-section for profile A-A’ is presented in NW-SE direction. Seven borehole logs covering column from depth of 111 to 454 m (thickness of
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Figure 3. Typical borehole logs with (a) Odogunyan and (b) Osborne Estate Ikoyi logs (as examples) utilized for study.

Plate 1. The RG PC Logger II™ Unit mounted on sports utility vehicle used for borehole loggings utilized for the study.
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Figure 4. Typical logs and the lithology-water quality interpretation from the study area.

of 343 m) at Ikorodu. Thus, domestic boreholes Geo-section B-B’: (Apapa - lkoyi - Victoria flank of the State and it is proximal to the Atlantic
may be terminated at limited depth of 110m within Island - Lekki - Ajah) Ocean shore line. The axis connects the south-
Ikorodu and environ while industrial boreholes west edge of the metropolis to the south edge.
should be drilled to depths in excess of 455 m. This axis constitutes the western half of west-east Fourteen (14) borehole logs studied within the axis
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Table 1. Resistivity values for water and sediment rock.

Resistivity (Q-m)

Sediment rock

Interpretation

05-20
2.0-45
45-10.0

10.0 -15.0

15.0 -30.0
30.0-70.0

70.0 - 100.0
More than 100.0

Very porous sand, or saturated clay
Porous sand, or saturated clay
Sandy saturated or Sandy clay
Sandy clay, sandy gravel

Sand, gravel. Some clay

Sand, gravel, minor clay

Sand, gravel, no clay

Coarse sand, gravel, no clay

Seawater, very saline water TDS = 20.000 mg/I
Saline water, TDS= 10.000 mg/I

Salty Brackish water, TDS = 10.000-1500 mg/I
Brackish water, TDS = 5000-1500 mg/I

Poor quality fresh water, TDS = 1500 - 700 mg/I
Intermediate quality fresh water, TDS ~ 100 mg/I
Good quality fresh water, TDS small

Very good quality fresh water, TDS very small
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Figure 5. Geo-section A-A’ showing lithology correlation across Ikorodu - Badore - Sangotedo - Awoyaya axis.

Table 2. Interpretation summary of borehole logs within profile A-A’.

Location

Elevation (m)

Fresh water zone depth (m) Saline water zone depth (m)

Lagos Road waterworks,
lkorodu

Dangote Spata, Ebute
Model College, Badore
Coop Villa Bh1, Badore
Coop Villa Bh2, Badore
Ajayi Apata, Sangotedo
Eko-Akete, Awoyaya

15-27, 78-83, 96-102,105- 111,455-474, 520-

114 544, 566-571, 605-627 None
18 80-90 None
31 40-48,54-64,76-112,118-124,144-154, 180-196 None
28 12-17, 20-24.8, 155-166, 173-186, 188-202, None
27 13-20, 62-70, 150-164, 176-188, 196-202, None
22 16-33, 43-46 None
20 18-24, 30-44 233 - 355
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Figure 6. Geo-section B-B’ showing lithology correlation across Apapa - Ikoyi - Victoria Island - Lekki - Ajah axis.

were obtained at Ikoyi, Dolphin, Victoria Island
and Lekki. The geo-section generated for the axis
is presented in Figure 6 while the interpretation
summary is presented in Table 3. Within the axis,
the delineated sand units are saline water
saturated to depths varying between 118 and 196
m in Apapa and Ajah, respectively. At Ajah
however, lenses of fresh water were delineated
within the thick saline water sand. Net thickness of

saline water sand units varies between 21 and 48
m in Ajah.

Geo-section C-C’: VGC (Ajah) - Sangotedo -
Awoyaya - Lakowe - Akodo Axis

This is the eastern half of the west-east axis of the
study area which connects the southern limit to
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the south-eastern edge. Eight borehole logs were
obtained for this study in the axis. The section
generated from the logs is presented in Figure 7
while the interpretation summary is presented in
Table 4. The net thickness of saline water sand
increases eastwards (from Sangotedo) within the
axis thus making freshwater abstraction more
difficult on the eastern flank. However, at Akodo
two lenses of freshwater were delineated.
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Table 3. Interpretation summary of borehole logs within profile B-B’.

Location

Elevation (m)

Fresh water zone depth (m)

Saline water zone depth (m)

Niger Biscuit, Apapa 4 148-159, 162-183, 192-238, 246-258, 264-270, 274-280 0-125
Sugar Industries 1, Apapa 6 149-159, 162-184, 208-226, 232-236, 239-248 0-136
Tarkwa Bay Island, Apapa 10 148-155, 158-168, 171-179, 182-186, 188-193, 206-226 0-130
. . 161-174, 179-190, 193-204, 215-224, 228-246, 253-
Ikoyi Bhl W/works, Ikoyi 15 259, 261-276 0-138
Dolphin Wiwks, Ikoyi 5 137-152,154-162,169-180,187-192,195-214, 218-224, 0-131
229-250
. . 156-165, 171-178, 189-198, 201-215, 217-222, 230-
Parkview Estate, Ikoyi 8 235, 240-245 0-138
Osborne Estate, Ikoyi 5 164-172,176-193,202-208 0-148
IBTC, Vllsland 20 154-191, 203-213, 215-219, 222-242 0-144
Eko Hotel Bh4, V/Island 19 153-193,194-208, 214-237 0-144
Akingbade Close, V/lsland 18 148-174, 176-198, 208-220, 224-242 0 - 140
Femi Okunnu Estate, Lekki 27 182-196, 206-224 0-140
Seed Education, Lekki 15 166-188,192-196,198-232 0-158
X}gﬁ’”a Garden City Estate., 17 30-40, 136-141,152-155, 179-188, 193-212, 217-234 56 - 116
Royal Garden Estate, Ajah 17 46-50, 57-88, 102-108, 114-136, 190-218, 223-242, None
245-252
WNW SE
iy Bt o O . i goocog camary st
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Figure 7. Geo-section C-C’ showing lithology correlation across Victoria Garden City (Ajah) - Sangotedo - Awoyaya - Lakowe - Akodo axis.
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Table 4. Interpretation summary of borehole logs within profile C-C’.

Saline water zone

Location Elevation (m) Fresh water zone depth (m) depth (m)
o . . 30-40,136-141,152-155, 179-188, 193-

Victoria Garden City Est., Ajah 17 212.217-234 56 - 116

. 26-35, 46-50, 57-88, 102-108, 114-136,

Royal Garden Est., Ajah 17 100-218, 223-242, 245-252 143 - 190

Golden Park Est., Sangotedo 22 20-36, 44-57, 60-68, 82-100, 112-124 None

Ajayi Apata, Sangotedo 22 16-33, 43-56 None

Eko-Akete, Awoyaya 20 18-24, 30-50 233 - 355

HFP Cemetry, Lakowe 29 15-54 265 - 315

Lakowe Gram.Sch. Lakowe 26 21-27 258 - 308

Ibeju-Lekki Secretariat, Akodo 10 12-18, 36-46,108-132, 144-150, 159- 51 _10g, 196 - 308

168

The hydrogeological setting on the axis is fairly
complex. Saline water intrusion within the coastal plain
sand within the axis is interspersed with lenses of
freshwater sand units on the western flank around Ajah.
At Victoria Garden City, the saline water sand is domi-
nant from 62 to 124 m. At Sangotedo, Awoyaya and
Lakowe, a significantly thick clay/shale column predo-
minates with thickness varying from 133 m to 214 m at
Awoyaya and HFP Cemetry in Lakowe, respectively, thus
truncating the coastal plain sands (Figure 7). At Akodo,
the coastal plain sand is again intercepted with a
sequence of consisting of alternation of fresh and saline
sand units.

Geo-section D-D’: Satellite Town - Kirikiri - lganmu -
Bariga - Ikorodu Axis

The geo-section (Figure 8) which transverses southwest
to northeast of the metropolis, was generated using
seven logs obtained from Satellite town, Amuwo-Odofin,
Iganmu, Bariga and Ikorodu. Summary of the interpret-
tation is presented in Table 5. Saline water intrusion is
prevalent at shallow levels on the South-western and
central areas of the section around Satellite Town, Kirikiri,
ljora Badia and Iganmu.

Geo-section E-E’: E-E’ Agbara - Egan - Idimu -
Agidingbi axis:

The geo-section (Figure 9) transverses the north-western
flank of the metropolis utilizing seven geophysical
borehole logs. The geo-section covers Agbara, Igando
and Ogba and spans about 39 km. According to the
summary (Table 6), there is no saline water sand unit
incursion within the flank. Thus, the area is generally
underlain by the vital fresh water sand units. A
significantly thick shale unit was penetrated at Agbara.

Geo-section F-F’: Mosinmi - Odongunyan - Ikorodu -
Ibeshe axis

Geo-section of profile F-F’ is presented in Figure 10. The
profile transverses the northern flank of the metropolis in
SSW-NNE direction and crosses into nearby Ogun State
in the north. Just like the Geo-section of profile E-E’,
there is no observable incursion of saline water in the
northern flank of the metropolis from Ibeshe in the south
to Mosinmi in the north at the time of study (see Table 7).

Saline water intrusion map of Figure 11 was generated
from the twenty two geophysical borehole logs showing
penetration into saline water incursion zones (Figure 11).
The map highlights the lateral extent of saline water
incursion within the city. We can observe that the saline
water intrusion is severe on the southern coastal areas of
the city. The areas mostly affected are Apapa, Kirikiri,
ljora, Satellite Town, lganmu, Bariga, Lagos Island,
Victoria Island, Lekki, Ajah, Badore, Sangotedo,
Awoyaya, Lakowe and Akodo areas.

Conclusions

Four of the geo-sections generated in this study (profiles
A-A’, B-B’, C-C’ and D-D’) indicate saline water incursion
at depths varying between 0 m (surface) in Satellite
Town, Kirikiri, ljora, Iganmu, Apapa, Lagos Island, lkoyi,
Victoria Island and Lekki to depths ranging from 40 m at
Iganmu to 158 m at Lekki. Intrusions of 47 (143 - 190 m)
and 60 m (56 - 116 m) were delineated at Ajah; 50 m
(265 - 315 and 258 - 308) at Lakowe; 57 and 112 m (51 -
108 and 198 - 308 m) at Ibeju Lekki, Akodo and 122 m
(233 - 355 m) at Awoyaya. The hydrogeologic importance
of the Coastal Plain Sand aquifer unit in Lagos is under
severe threat of continued sea water incursion and
intrusion on its southern coastal flank. Results presented
in this paper show that the process of salt water intrusion
is active on southern flank of Lagos metropolis and
geophysical wireline logs have proved to be precious
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Figure 8. Geo-section D-D’ showing lithology correlation across Satellite Town - Kirikiri - lganmu - Bariga - Ikorodu axis.

Table 5. Interpretation summary of borehole logs within profile D-D’.

Saline water zone

Location Elevation (m) Fresh water zone depth (m) depth (m)
Silcas Ind., Satellite Town 23 82-94, 96-104 0-80
FESTAC Estate, Mile 2 31 18-32, 40-50, 56-64, 66-94, 106-118 None
Cadoso Ind., Kirikiri 27 100-110, 120-132, 134-144, 149-156 0-92
ljora Badia Bh1, ljora 17 62-68, 72-92 0-54
L . 58-88, 96-128, 152-160, 166-180,
Nigerian Breweries, Iganmu 23 188-194, 108-212 0-40
Surulere W/works, Surulere 49 32-40, 54-66, 84-95, 100-106, 138-198, 194-206 None
Bariga W/works, Bariga 37 14-20, 40-56,106-114,122-138, 144-160 None
15-27, 78-83, 96-102,105- 111,
Lagos Road waterworks, Ikorodu 115 None

455-474, 520-544, 566-571, 605-627
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Figure 9. Geo-section E-E’ showing lithology correlation across Agbara - Egan - Idimu - Ikeja - Ikorodu axis.
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Table 6. Interpretation summary of borehole logs within profile E-E’.

Location Elevation (m)

Fresh water zone depth (m)

Saline water zone

depth (m)
Nestle, Agbara 29 24-54, 56-61, 82-101, 110-114, 142-155, None
Egan Gram. Sch. Egan 19 81-96,114-129,132-141, 146-164 None
Iron Market, Ilgando 66 14-32, 34-39, 46-62, 70-76, 88-93, 106-116 None
lkeja W/works, lkeja 64 29-32, 40-48, 74-80, 86-88, 90-96, 104-108 None
Cadbury, Ogba 44 57-62, 65-72, 77-80, 82-100 None
Guiness, Agidingbi 65 14-25, 30-36, 52-60, 82-108 None
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Figure 10. Geo-section F-F’ showing lithology correlation across Mosinmi - Odongunyan - Ikorodu - Ibeshe axis.
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Table 7. Interpretation summary of borehole logs within profile F-F’.

Saline water zone

Location Elevation (m) Fresh water zone depth (m) depth (m)
NNPC Depot, Mosinmi 94 13-20, 34-40, 44-47, 56-63 None
Spintex, Odongunyan 46 22-24, 42-48, 58-69 None
Wandate, Odongunyan 91 12-30, 50-64, 67-78 None
15-27, 78-83, 96-102,105- 111,
Lagos Road waterworks, Ikorodu 115 455-474, 520-544, 566-571, 605-627 None
Dangote Spata, Ebute 18 80-90 None
Nichemtex, Ibeshe 15 46-52, 60-68, 91-110, 115-122 None
Alliance Est. Ibeshe 18 42-52,104-111, 114-144 None
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Figure 11. Map of Lagos showing the lateral extent of saline water intrusion within the metropolis.
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tools for periodically monitoring the intrusion.

REFERENCES

Adepelumi AA, Ako BD, Ajayi TR, Afolabi O, Omotoso EJ (2008).
Delineation of saltwater intrusion into the freshwater aquifer of Lekki
Peninsula, Lagos, Niger. J. Environ. Geol. 56(5):927- 933.

Ako BD, Adegoke OS, Petters SW (1980). Stratigraphy of the Oshosun
Formation in South-Western Nigeria. J. Min. Geol. 17:97-106.

Ayolabi EA, Oyedele KF, Oyeyemi EO, Ewiwile, EE (2003). Geoelectric
sounding for the determination of groundwater conditions around
Iwaya area of Lagos, Nigeria. Glob. J. Pure Appl. Sci. 9(4):539-545

Bates CR, Robinson R (2000). Geophysical Surveys for Groundwater
Modeling of Coastal Golf Courses EAGE 62nd Conference and
Technical Exhibition - Glasgow, Scotland, 29 May - 2 June. pp. 1- 5

Coode Blizard, Oteri, AU, Rofe KL, (1996). Hydrogeological
Investigation of Lagos State. Final Report, VolIs | & I,

Custodio E (1987). ‘Groundwater Problems in Coastal Areas’, Studies
and Reports in Hydrology, UNESCO, Paris.

Elueze AA, Nton ME (2004). Organic geochemical appraisal of
limestones and shales in part of eastern Dahomey basin,
southwestern Nigeria. J. Min. Geol. 40(1):29-40.

Fitterman DV, Deszc-Pan M, Stoddard CE (1999). Results of time-
domain electromagnetic soundings in Everglades National Park,
Florida: U.S. Geological Survey Open-File Report, 99-426.

Goldman M, Kafri U (2004). Hydrogeophysical Applications in Coastal
Agquifers. In: Applied Hydrogeophysics. Eds Vereecken, H. Binley, A.,
Cassiani, G., Revil, A. and Titov, K. Springer NATO Science Series
IV: Earth Environ. Sci. 71:233-254.

Hwang S, Shin J, Park |, Lee S (2004). Assessment of seawater
intrusion using geophysical well logging and electrical soundings in a
coastal aquifer, Youngkwang-gun, Korea. Explor. Geophys. 35(1):99-
104.

Ibrahim E (2008). Identification of Groundwater Spreading by Using
Geoelectrical Resistivity Method. Int. J. Sci. Eng. Technol. 1(3):55-59.

Kampsax-Kruger and Sshwed Associates (1977). Underground water
resources of the Metropolitan Lagos, Final Report to Lagos State
Ministry of Works, p.170.

Longe EO, Malomo S, Olorunniwo MA (1987). Hydrogeology of Lagos
Metropolis. Afr, J. Earth Sci. 6 (2):163 - 174.

Nowroozi AA, Horrocks SB, Henderson P (1999). Saltwater intrusion
into the freshwater aquifer in the eastern shore of Virginia: a
reconnaissance electrical resistivity survey: J. Appl. Geophys. 42:1-
22.

Nton ME (2001). Sedimentological and Geochemical Studies of Rock
Units in the Eastern Dahomey Basin, Southwestern Nigeria.
Unpublished Ph.D thesis, University of Ibadan. p. 315.

Okosun EA (1990). A review of the Cretaceous stratigraphy of the
Dahomey Embayment, West Africa. - Cretaceous Research, v. 11, p.
17-27.

Omatsola ME, Adegoke OS (1981). Tectonic Evolution of Cretaceous
stratigraphy of the Dahomey Bas\in. J. Min. Geol. 18 (1):130-137.

Oteri AU, Atolagbe FP (2003). Saltwater Intrusion into Coastal Aquifers
in Nigeria. Paper presented at The Second International Conference
on Saltwater Intrusion and Coastal Aquifers - Monitoring, Modeling,
and Management. Mérida, Yucatan, México, March 30 - April 2

Paillet FL, Hite L, Carlson M (1999). Integrating surface and borehole
geophysics in groundwater studies - an example using
electromagnetic soundings in south Florida: J. Environ. Eng.
Geophys. 4:45-55.

Pareek N, Jat MK, Jain SK (2006). The utilization of brackish water,
protecting the quality of the upper fresh water layer in coastal
aquifers. Environmentalist 26:237-246.

Repsold H (1989). Well logging in groundwater development. Int.
Assoc. Hydrogeol. 9:136.

Yechieli Y, Kafri U, Goldman M, Voss CI (2001). Factors controlling the
configuration of the fresh-saline water interface in the Dead Sea
coastal aquifers. Hydrogeol. J. 9:367-377.

Zarroca M, Bach J, Linares R, Pellicer XM (2011). Electrical methods
(VES and ERT) for identifying, mapping and monitoring different
saline domains in a coastal plain region (Alt Emporda, Northern
Spain). J. Hydrol. 409:407-422.

Zohdy AAR, Martin RJ (1993). A Study of Seawater Intrusion Using
Direct-Current Soundings in the Southern part of the Oxward Plain:
California, Open-File Report 93-524 U.S Geological Survey 139.



