Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Advances in Applied Science Research, 2012, 3 (1754480

Library Library

ISSN: 0976-8610
CODEN (USA): AASRFC

Integrated Geophysical Investigation and Charactesation of Aquifer
Structures in a Complex Environment

OZEGIN K.O. OSEGHALE A.O. AND OGEDEGBE E.O.

Department of Physics,Ambrose Alli University, BkppEdo State, Nigeria

ABSTRACT

An integrated geophysical investigation was exetuteIgarra, Nigeria with a view to characterisinbe possible
aquifer structure and units in the area. The Grdlhagnetic, Very Low-Frequency Electromagnetic Biettrical
Resistivity methods were employed in this studygatbree traverses with length varying between4230 m. The
presence of a geologic structure which is mosbphly a fractured zone was established. The aquiférin the
area was characterised as being susceptible toaznimation due to the general thickness of its Owetbn cover.
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INTRODUCTION

Geologic discontinuities such as fractures, joirfemjlts or basement depressions play prominengsrah
hydrogeological applications especially in Basem@nimplex environments because, they usaully aojcasl
groundwater accumulation zones in such environmd&ims use of groundwater has saved many people deadly
diseases but at the same time brought some neweptsl{4]. The aquifers in the Basement Complexates
usually occur at shallow depths, thus exposingathter within to environmental risks [6]. It is tlefore important
to understand the features of aquifer units indtuely environment for possible groundwater abstvagbrojects.
This necessitates the use of integrated geophysiegthods — Ground Magnetics (usually employed as a
reconnaisance tool in the location of contact zpaas or structural changes in homogenous rocksjy VLow
Frequency Electromagnetic(VLF-EM), and ElectricasRtivity (ER) method for the study. The electagmetic
and electrical resistivity methods have been engtglayore in groundwater studies usually at deptbs tlean 250
m. because of the wide spread interest in usingimaasive geophysical techniques [3]. The Schluméges
Vertical Electrical Sounding (VES) technique wasvewer employed as the tool for the ER study.

Theory
The resistivity survey technique involve the passafjicurrent into the ground by means of two etatgs (current
electrodes) while he potential difference is meadwsing a second pair of electrodes (potentiatreldes).

The Schlumberger VES configurations (Figure 1) appiaresistivity () is obtained from the equation
R

0, =—
2

Where:
{ . is the apparent resistivity (ohm-m)
R is the ground resistance (ohm)

L (: AB/Z) is half the current — current electrode separdftion
| is half the potential — potential (MN) electrogesing (m)
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Figure 1.: Schlumberger electrode configuration.

Resistivity measurements are associated with vgrgiepths depending on the separation of the cusretential
electrodes in the survey [1].

LOCATION AND GEOLOGY

The study area is located in Igarra between Latitfidl5 and 1718 N and Longitude $4' and 6 5 W in Nigeria

and easily accessible by road. The climatic comdiggorimarily the rainforest climate and it isacacterised by two
seasons — the wet and dry seasons. The wet seasors detween April — October while the dry seasoours

between October — March. The mean annual rairdadipproximately 1250mm with a temperature rang&8of

33°C and a generally undulating topography. Geolobitak area
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Figure 2.: Generalised Geological map of Nigeria stwing the study area.

is generally underlain by rocks of the PrecambBasement Complex(Figure 2) — Schists, Calc-silicateisses,
marbles,metaconglomerates,quartzites, biotitesndgiarites,charnokites, epgmatites, unmetamorphahedrite,
granites, vein quartz (occurs as igneous intruaimhemplaced along fractues and veins) among others

MATERIALS AND METHODS

The GEM Systems Proton Precession Magnetometer emaigloyed for the ground magnetic survey withadish
separation of 15m while the ABEM WADI VLF-EM equipmt was used in the aquisition of the VLF-EM
response of the area using a frequency band okB2,Xignal strength of 14 with a station separatd 15m and
the Schlumberger’s Vertical Electrical Sounding 8JEechnique was employed in the geoelectric sogndsing a
station separation of 25m and a current- currkrtt®de separation of 65 — 100m. A total of thire@erses were
occupied with distances varying between 180 — 20@3spectively.

RESULTS AND DISCUSSION

The result of the geomagnetic data is presentgdadides (Figure 3) showing the variation in magoetmplitude of
the anomaly signature. The magnetic lows are cheniaed by low amplitude and low intensity. The metic
profile along traverse 1 shows magnetic highs betw#0 — 55m and 118 — 145m with magnetic lows betvib-
118m and between 145 — 165m respectively. The niagofile along traverse 3 shows magnetic higbsiveen
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25 — 120m and 160 — 190m with magnetic lows betwgen25m and 120 — 160m respectively. The magnetic
profile along traverse5 shows magnetic highs betw&e50m, 60 — 100m, and 175 — 200m, with magrietis
between 50 — 60m and 100- 175m respectively. Thgneter lows are indicative of depressed zonesirithection
points are indicative of geologic boundaries ortaots between two rock types, structural chang#simihe same
rock type and the presence of lineaments suchtasmneof joints, fractures and or faults.

The representative result of the Fraser modelrdittedata plots as well as the Karous-Hjelt filteb 2nversion

current density plots of the VLF-EM method for tease 1,2 and 5 are presented in figure 4. The @v@rsion

shows variation in conductivity with depth [7]. Higonductive values reveal the presence of congustibsurface
structures while the low values reveal resistiveigtires. The apparent current density sectiongatoaverse 1
reveals the presence of conductive anomalies betltee 60m and 90 — 115m respectively. The appanaméent

density section along traverse 3 reveals conduetiemalies betweenl5 — 68m and 80 — 130m resplcénd the

apparent current density section along travensy®als the presence of conductive anomalies batd@e65m, 80
—95m, and 105 — 155m. The conductive anomalieisatel the presence of conductive subsurface staldnends
of inferred fractures.
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Figure 3 (a —c).: Geomagnetic profile along traveses 1, 3, and 5 along the Study Area.

The characteristic curve types obtained in the areahe A- and H-type curves. The A componentthefcurves
are interpreted as the relatively resistive layeinde the H components are interpreted as the adidulayers in
the study area. The delineated geoelectric parametere used in the generation of the bedrockfrelap, isopach
map of overburden materials and isoresistivity mithe study area and interpreted accordingly. Gddrock relief
map (Figure 5) indicates two zones of high reliefite East and West segments of the map and slighthe North.
A low-lying zone can also be seen trending NortiBdbetween the high relief zones. The low-lyingtiee
indicates the presence of a geologic structure twkscmost probably a fractured zone or geologictacin The
isopach map of overburden material (Figure 6) risviee presence of thick overburden materials (3 @mthe
Northern zone of the map( between 3 and 5) antidastbuth-east zone (between traverse 1 and 3) alhitgher
sections contain shallow overburden materials (<7fhe shallow overburden zones indicate the arearevihe
aquifer units are highly susceptible to contamorativhile the thick overburden zones indicate angik little

susceptibility of the aquifer units to contaminatidn the Basement Complex Environment, thick ouedbn is
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usually associated with high groundwater yieldZpThe isoresistivity map (Figure 7) which was gewed using
the resistivity of the weathered second layer, shpanes of low resistivity (<1000 ohm-m) on almalstareas on
the map except on the North-east zone where ti&ivity value is high (>1000 ohm-m).
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Figure 4.: Sample Karous-Hijelt filter (Traverse 5) and 2-D inversion current density section(Traverse &nd 1).

Bodies of low resistivity can be seen trending Rewest to South-east and West of the map. The &sistivity
zone indicates the presence of water saturatedamethe area.

From the three maps (Figures 5, 6 and 7), it caselea that the zones with low isoresistivity aridkioverburden
materials closely correlate with the low-lying zooe the bedrock relief map. The thick overburdegiae also
correlates with the linear feature on the isorasigtmap indicating that the area with thick overtien is a low
resistivity region and ideal for groundwater abticmn.
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Figure 5.: Bedrock Relief Map of the Study Area.
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Figure 6.: Isopach Map of Overburden of the StudyArea.
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Figure 7.: Isoresistivity Map of the Study Area.
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CONCLUSION

Conclusively, from the methods, the study area loarobserved to contain a geologic structure whicimost
probably a fractured zone and usually acts as giwater accumulation zones in a Basement environnTdre
depth to the aquifer units across the area is gépeshallow (< 10m) making the aquifer units sysidde to
contamination. Appropriate measures such as blasilag and grouting of the annular space — spaceeket the
borehole casing and the ground —, should be employéhe development of groundwater abstractiore harle(s)
meant for the area
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