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Abstrect

Saltwater intruson wasreported to beprevalent in some partsof Lagoslidand. To address
this problem, sub-surface geological mapping of the affected area was carried out using
gammarayandregstvity logs, ditch cutting samples, and geophysical logsof some existing
wells in thearea. Thework aimed atdetermining the probable origin of saline water aswell
asassesing thedepth to thesaline/fresh water interface. Thesuite of logsused facilitated the
delineation of the aquifers and the salinebrackish and fresh water interfaces A conplex
lithology of alternating sequence of sand and day depostswasobserved up to a depth of
about270m Also, seven aquifer horizons were delineated. The depthsranges to the tops of
these aquifersare: 3-10m; 40-70m; 60-100m; 110-140m; 150-180m; 178-210mand 212-
240m, correspondingto aquifer thick nessesof 15-25m, 15-30m; 10-45m; 20-40m; 10-42m;
10-30mand 20-45mregpectively. It is also observed that brackish/saline water occurrenceis
a major feature of the first four aquifer horizons thisinplies that freshwater can only be
encountered below 126m, unlike on the Lagos mainland where fresh water is encountered
first and ata shallower depth. Whileitis apparentthat the aquifersare highly susceptible to
salt-water pollution, anthropogenicand biogenicinfluences, however, water contained in the
upper four aquifersareprobablylagoonal in origin and mug haveretained the salinity that
characterized lagoonal environment, while water in the last three aquifers are of fluvial
origin.
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Introduction

Several factors control the quantity, quality, riigtion and circulation of ground water in
any terrain. Prominent among these factors areogieal factors such as the ernvironment of
deposition of the aquifer and the aquiclude, ditp textural characteristcs and structure of
the rock. Hydrobgical and meteorological factougts as stream flow and rainfall could also
have significant nfuence on groundwater disuwsti Generaly the quantty and
dsposiion of groundwater depends first on thelogeal characteristics of the host rock
formaton (Longeet al., 1987) whie the qualty could be more of theu@mces of both
biogenic and anthropogenic materials.

The ground-water situation in Lagos metropols Faslong been of ntense study (Adegoke
and Omatsola, 1981; Oteri, 1986; Adepeluaii al., 2009) as a resut of the continuous
increase in population and industrial growth thdacgd a great demand not only on
substantial quantity of water but on quality (fresater) water. One of the major works
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carred out in the metropolis is that of Kampsaxgér and Sshwed (1977) which grouped
the aquifers in Lagos Iskand nto four. The fristeke are in formations younger than the

Cretaceous. The aquifers are separated from ehehn by alternating sequences of clay and
sandy clay layers of varying thicknesses. The loaquifer s the deep and highly productive
aquifer in the Abeokuta Group.

Another major hydrogeological investigation in theetropolis was carried out by a group of
consultants between 1994 and 1997. Although itamed unpublished, several micro-
waterworks have been executed based on the findifigsher work. Besides, individual
studies continued to be carried out al over théropelis.

The study area covers the southemn portion of Lagedropols bordered by the Atantic

Ocean, comprising island, lagoon, creeks and extersvamps. The study was amed at
determining the dsposition of subsurface sedinmgnisequences n relaton to fresh and
saline water distribution in Lagos Island, Southees Nigeria. Due to lck of pumping test
results, hydrological parameters that could fatdt ground-water resources determination in
the study area could not be carred out. Howeamrattempt was made at delineating the
aquifer nto unts, and optmum borehole depthsthe fresh water zone in the area
determined. The interface between the saline aedhfrwater was also determined and
compared with published results from the Lagos bnaih

Recently, Adepelumet al. (2009) carried out a surface electrical redigtgurvey with the
am of providing valuable information on the hyarolpgic system of the aquifer, and
delineate the salinty of groundwater and its swbase configuration n the Lagos Island
area. Their resistivity result revealed a domnaenhd of decreasing resstivity with depth
which indicates increase of salinty with depth.efhalso delineated the presence of four
distinct zones of resistivity values characterizing survey area viz: the topmost layer s the
unconsolidated dry sand (A), the underlying zone (Bhich corresponds with the fresh-
water-saturated soil a miing (transition) zone) @ fresh with brackish groundwater, and
the fourth lyer (D) which is characterized witrss@vity values generally about 4 ohm-m.
This zone, they suggest, reflects an aquifer contaisaltwater.

Study Area

The study area is part of the Lagos metropols liesit between the Lagos Mainland and the
Atlantic Ocean in the Westemn Nigerian Coastal Zene zone of creeks and lagoons
developed by barrer beaches associated with sa&pdsion (Adepelumi and Olorunfemi,

2000). The area is bounded by Longtudes 3° 22 R27’E, and Latitudes 6° 24N and 6°
28N (Fig. 1). On the regonal level the studyaarals within the coastal landscape area of
south western Nigeria portion of the Dahomey B#ingh, 1954; Durotoye, 1975).

Two principal seasons are recognized in the studg:aa dry one from November to March
and a wet one which starts in Apri and ends inoBet with a short break in mid-August.

The mean annual rainfal of Lagos is approximat§0Omm; mean annual temperature is
about 25°C and relatively humid over 75%.
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The investigated area is situated within the Nagesector of the Dahomey Basin, and near
the eastern margn of the bash. The geologicahdtions of the study area are composed of
sediments kid down under fluvate, lacustrine andrine envronments. These sediments
grade into one another and vary widely in latertét and thickness. As part of the Nigerian
sector of the Benin Basin, the Quaternary geoldgythe study area comprises the Benin
Formation (Miocene to Recent), recent littoral valion and lagoor/coastal plan sand
deposits (Durotoye, 1975; Longe al., 1987; Jones and Hockey, 1964). The alluvial sitpo
consist mainly of sands, fttoral and lagoon sedineformed between two barrier beaches
and coastal plain sands.

The Dahomey Basin extends into western Nigeraaaseést as the Okitipupa High or llesha
Spur (Fig. 2) and as far west as the Voka compiexGhana. It consists of an extensive
wedge of Cretaceous, Cenozoic formations and Resediments which thicken markedly
from the onshore margn of the basin (where thalgongantly clastic Cretaceous sediments
rest on the Basement compkex) into the offshore revhthick finer grained Cenozoic
sediments obscure the Cretaceous rocks developégptogeoclinal basins (Whieman, 1932,
Adekeye et al., 2006). The Cretaceous rocks which rest uncodfokmon the Basement
complex and west of the Okitipupa High consist ipadfi coarse grained clastics known as
the Abeokuta Group which consists of Ise, Afowo ak@romi Formations. The Cenozoic
Formations cropping out in the Nigeria section bé tDahomey basin include Ewekoro
Formation, Akinbo Shales, Oshosun Formation, I&@mation and aluvial Coastal P &in
Sands (Fig. 2). These formations are difficult taprmbecause they are poorly exposed and
their coverage by thick vegetation and superficiaposits.

The Recent (top) lthological unit, which forms mngicant part of the study area, stretches
paralel to the coast and increases in width toethstern boundary from the Benin Republic
border. The littoral and kgoonal deposits consitunconsolidated sands, clays and mud
with a varyng proportion of vegetable matter.

M ethodology

Composite geophysical well logs and ditch cuttiigen seven wells within the study area
were used in this study. Whie the resitivity lg®re used for fuid detecton and flid
diferentiation into fresh, brackish and saline evatfolowing Oteri (1986) chssification
(Table 1). The gamma ray logs were used for litpiclodelneation.

The subsurface hyers were delneated, correlated Mop-tied stratigraphically using

gamma ray log first along W-E, S-N, SW-NE and oa thgonal level. The deineation of

the lithology into aquifer (sandy) and aquicude amuitard (clayey) horizons was done from
well to well using lithologic logs but supplementedth geophysical logs. Also, the depth to
the freshwater zone was delneated using the cethbgamma-ray and resistivity logs
fdlowing the method proposed by Oteri (1986). Tiherehole data used are labeled Bhil,
Bh2, Bh3, B, Bh5, Bh6 and Bh7 respectively. Thivdd depth ntervals of freshwater-
bearing sands in the study area are shown on Pable

Furthermore, the lithobbgy of the study area ctess cyclothems of sand, clay, chyey sand
and sandy clay with the sand sometimes occurringhiaslenses within the clay formations.
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Seven confined aquifers were encountered by theensevels penetrating the lthologic
sequences n the study area. The first three esjufentain salne-water as depicted by
resistivity logs. Similarly, three major fresh wataquifers were identified with thicknesses
ranging between 17 and 27m, and at depths rangihgebn 156 and 255m. A possble
fourth aquifer is withn the freshwater/saine waisterface as picked for each of the wells.
Therefore t is expected to contain brackish waf€hs interface is observed at depths
ranging between 136m and 147m, using change irectlefi on the resistivity lbgs. Each
aquifer is separated from the other by successyaosils of increasing mpermeabilites —
from sandy chy, through sity clay to clay. Theptiieintervals of freshwater-bearing sands in
the study area are shown on Table 2.

Correlation

Lithostratigraphic sections and resistivity coitiefes are relevant in aquifer development
because they usualy gve an nsight into the gensobsurface stratiication and flid

characteristics. Fig. 3 shows the correlated loged uin this study. From these logs, it is
observed that the East-West geophysical log andodic log correlaton between Bh4, Bh2

and Bh3 depict that the stratigraphic section imposed of alternations of sands and clays
which, akthough variable in thickness, show laterahtinuity across the entre section (Fig.
3). The salne-freshwater interface s observedegiths varying from 136m beneath Bh2 to
142m beneath Bh4.

Four major freshwater sand aquifer lyers werenaddied within the upper 240m of the
subsurface sequence. The first aquifer is locatedepths rangng from 130m to 145m below
the surface; its thickness varies from 5m in Bh2l7on in Bh4, with the horizon thickening

towards the west. The second fresh water aquifdocated at depths ranging from 152m
beneath Bh3 to 168m beneath Bh4, with thicknesgngrfrom 26m n Bh2 to 45m in Bh3.

The sand layer n Bh3 contains thin clay lens. Tl freshwater aquifer 5 located between
200m and 222m below the surface. It is a thin aquiinging in thickness from 7m to 9m
whie the top of the fourth aquifer s located afpiths ranging from 213m in Bh2 to 227m in
Bh4. The aquifer thickness varies from 9m to 21nB?.

A total of four fresh water aquifers with lkterabntinuity were delneated along the

stratigraphic secton whie the interface is obsérat 126m in Bh7, 138m in Bhl to 147m in
Bh5. The frst fresh water was delineated at deftdn to 150m below ground level. It was
observed that the aquifer is highly susceptiblesatine water incursion around Bh7 and Bhl.
Its thickness varies from 3m beneath Bhl to 20med#dnBhS. The layer thickens towards
the west. The second fresh water aquifer is locatedepths ranging from 148m beneath Bh7
to195m in Bh5 whie the layer thickness varies fridm at Bh5 to 21m in Bh7. The third

aquifer is located at depths ranging from 177m 18n® with the thickness varying from 21m

in Bh7, through 27m n Bhl to 35m in Bh5. Depthstite top of the fourth aquifer vary from

210m n Bhl to 252m in Bh5, whie the aquifer thieks is 27m at Bhl.

The frst aquifer unit was delineated beneath Bhl.dt was observed that the aquifer is
highy susceptible to saline water incursion at #heface because of its clseness to the
freshwater/saline water interface. The second exqusf located at depths ranging from 57m
to 168m with the thickness varying between 45m &dmd3h4 and 48m beneath Bh6. The
third aquifer is located at depths 213m beneath ®B287m beneath Bh6 while its thickness
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ranges from 10m to 12m. Depths to the top of thettioaquifer vary from 225m to 255m
while their thicknesses vary from 13m to 21m.

From lithostratigraphic analyses, change in dédlest of resistivity logs expressing change
in salnity, and subsequent correltions of the Isweh the study area, the salne
water/freshwater interface is observed at deptigingafrom 136m in Bh2 to 142m in Bh4.
Four major fresh water sand aquifer layers weieedgbd withn the upper 240m of the sub-

surface sequence. The first aquifer is locatedegthd ranging from 130m to 145m below the
ground level. Its thickness varies from 5m in Bl® X7m in Bh4. The horizon thickens
towards the west. The second fresh water aquifdocasted at depths ranging from 152m in
Bh3 to 168m in BM. The layer varies in thicknesem 26m in Bh2 to 45m in Bh3. It was

observed that the sand kyer in Bh3 contains thy lenses. The third fresh water aquifer is
located at depths 200m to 222m belbw ground lelelis a thin aquifer with thickness

ranging from 7m to 9m. The top of the fourth aquite located at depths ranging from 213m
in Bh2 to 227m in Bh4. The aquifer thicknesses virom 9m in Bh3 to 21m in Bh2. It

should be noted, however, that the above cormdativere carried out based on the
deflections on the resistvty logs which ndicatdiange in salnity wihin the formations,
whie the Gamma Ray logs were utlized in the dealion of the clay layers which are
generally observed to be quite thin. Anexampleheflogs is shown in Fig. 4b.

Discussion

According to Coode Blzzard (1997), over 95% of kafehoks in Lagos State abstract water
from the Coastal Plains Sands, which varies Iateiralterms of both litholbgy and water
qualty. The aquifer thickens from its outcrop ameghe north towards the coast in the south.
All the boreholes studied indicate a muliayer iiequsystem with units which merge in
some cases where the chy layers separatng thenthar A maximum of seven aquifer
horizons have been dentified unlke in the Lagosiidnd where only three are identified
(Aswaju-Bello and Oladej, 2001). The first fouquiiers are variously encountered from the
surface to a depth of about 150m, with the thicknefseach of the aquifers varyng from 10m
to 40m (Fig. 3). They are of minor importance immte of water supply h Lagos Island
because of saline water ncursion. The last thrggfeas occur at depths ranging between
150m and 270m, separated by impermeable layerdagf(aquiclude). The thickness of each
of the aquifers ranges between 10m and 50m, mads afermnating sequences of sands and
chy with some thin shale layers that are most ginigbinterconnected. Many industrial and
domestic boreholes draw water from these aquifi@nfsax-Kruger & Sshwed Associates,
1997), but further abstraction from the fith aguifin some places & discouraged because of
its closeness to the salne water/fresh waterfager These aquifers probably belong to the
upper Coastal Plan Sands which s a sequence emforpinantly coarse, estuarne, deltaic
and continental sand beds (Jones and Hockey, 1964).

Generally, the water-bearing unts vary texturdiipm fine through medium to coarse
grained and gravel which are poorly sorted, loosetha surface and become increasingly
loosely consoldated with depth. The salne wateshiwater interface (Fig. 4) has
remarkable identty with the lagoons, creeks arel Altlantic Ocean n the study area. The
shalowest depth to the fresh water occurs in te& around Bh 7, which is closer to the
Atlantic than Bh 1, 2, 3 and 4. The anomalous deptthe interface in the area around Bh5
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and Bh6 might not be unconnected with their closgere the Kuramo Waters and the Ink of
the lagoon to the sea respectively.

Geological Inplications of the brackish/saline water horizons

Abnormal resstivty of groundwater is, usuall, raflection of the total dissolved solutes in
water. These solutes could be from brine and/ogehio or anthropogenic materals that
infitrate into the subsurface. If brine, the seluwtould be oceanic, evaporite or from inherent
water in the depositional settings. The preseyt-slttings of the study area consist of
lagoons, creeks and extensive swamps and barrighdtaare in the recent times threatened

by periodic occurrence of ocean surge and floostigch, using the concept of sequence
stratigraphy, has been interpreted as a mark ofotiset of marine transgression or eustatic
sea level rse (Ola and Olabode, 2003). Accordngihwoska and Dubin-Green (1994), the
lagoons and Lekki barrier bar lagoon systems statelving about Early Cretaceous wih

the formation of an X-shaped depression which wdiated by the separation of the African
pate from the South American plate.

Although lagoonal environment could be normal inmie of salinty, as in lagoons of atols,
or bracksh where there is freshwater runoff, galgetagoonal environments are polyhaine
or hypersaline at least in the broad senses ok ttesns (Davis Jr., 1983). It could therefore
be inferred that whie the sequence containing Kislac water could have experienced
anthropogencc infitration and saline sea ncursiagoonal influences appear to have played
a major role. This lagoonal environment must hawmithted the area since the deposition of
al the sequences, indicating that Lagos and L&idaons as well as many modern coastal
lagoons began when sea level was about 100m bbevpresent-day sea level about 6000 to
7000 years ago. This also suggests that the arestudf/ must have remained quiescent
relatve to the continent with the repeated risal dall of the sea kwel in response to
akernating marine transgression and regression.

Another evidence that the saline horizons are gdolaal depositonal setting in origin is that
on correlating this study with that of Longe al. (1987), saline water was not encountered at
shalow depth, thus confrming restriction of lagmb envronment to that portion of the
coast. Another study (Omosusti al., 1999) on the eastem portion of the study améared
that the acquifer that occurs at a depth of 10m30tan particularly stands the risk of polution
because of its nearness to the surface. In othedsyaquifers at depths greater than this
range may contan fresh water.

Fig. 5 shows the top of the fresh water aquifeth@ study area; the map can be used as an
exploration tool in searching for potable waterhmithe study area. Interestingly, the map
reveals that the shallowest depth to fresh watdhenarea occurs around Bh7, which i closer
(except Bh5) to the Athantc than other wells e tistudy area. An anomaly of deep
brackish/fresh water interface was ako observedhdn area around Bh5 and Bh6. This
observation could be due to the nfitration oflyped Atlntc and Kuramo Waters adpcent
to the respective wells. Al these are indicative a relatively deep saine/fresh water
interface that is restricted to Lagos Isknd, aebarrier bar lagoonal system. This, therefore,
suggests that salne water disposition in the saudya could be due to the effect of
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depositional environment rather than anthropogdniciences and seawater incursion. The
only contradiction in this postulation is that dietage of the onset of depostion of lagoonal
envionment which, from the point of view of thidudy, coud not have been Early

Cretaceous but rather Recent. In the light of itifisrmation, it 5 recommended that driling

in the study area be extended to signifcantly dieselk in the order of 200m or more.

Paleontological studies of the sequences are blesita actualy pn down the age and
environment of depostions of all the sequences.

Conclusions

The subsurface geology of Lagos Island is made fupomplex lithologies of an alternating
sequence of chy and sand deposits. The cyclidityedimentation depicts a near-shore
depositional envronment. This study indicates tegistence of seven aquier horizons
comprised of gravel and sand. The first four atpifere occupied by saline water, which is
characterstic of lagoonal deposits, whie the kbtee aquifers contain fresh water
suggesting that the deposits could be of fuviatistuarine deposits. The aquifers are very
heterogenous, as indicated by a wide range of emqoharacteristics. Finally, it should be
noted that this study is qualitative since log aetdibns were used, and hence only typical
resistivity values were considered.
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Fig. 1. Location map of Lagos metropolis showing boreholes (modified after Microsoft Encarta, 2003
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Fig. 4a: Correlation of wels showing the sevenifargi and the saline water/freshwater interface
(BF), using resistivity.
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Fig. 5. Structural map of the top of fresh wateuifeq in Lagos Island.
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Table 1: Typica resistivity values of somerocks (Oteri, 1986)

Table 2: Summary of the depth intervals to freshwater-bearing sands in the study area

Rock typs Resistivity 2-m)
Clay 1-2C
Saline water sal 0.7-1C
Brackish water sai 4-2C
Fresh water sa 5C-100(
Fresh water imesto | 10(-100(
Dry san 200(-10000¢

Environtropica - An International Journal of the Tropical Environment

Borehole| Total | Depth to the freshwater sand horizons | Depthto
Number ((jrﬁ)p th (m) saline/freshwater
interface (m)

Bhl 24 15€-17% | 17€-20¢ | 21(-237% 13¢

Bhz 23¢ 162-18€ | 195-207 | 21(-23¢ 13¢

Bh& 24( 15171 | 18(-201 | 21€-22t | 231-24( 13¢

Bh4 24( 15(-16% | 16¢-20¢ | 213227z | 22:-23¢ 142

BhE 26~ 161-181 | 195-20€ | 213-24¢ | 25z-26E% 14¢

Bhe 27¢ 15¢-18€ | 19(-207 | 2371-24¢ | 25E-27¢ 147

Bh7 25¢ 12€-1471 | 15%-171 | 173-19¢ | 21%-25¢ 12¢
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