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Abstract

Very-Low Frequency Electromagnetic (VLF-EM) and d&tecal resistivity methods for reconnaissance and
detailed geophysical studies respectively have baemed out within the EKkiti-State University St&fuarters at
Onigari GRA area of Ado-Ekiti. The study’s obje@svinclude amongst others to detect drillable gofat
groundwater abstraction boreholes in order to &lbyntaddress the inherent problem of scarce watpply for
uses by the university staff and their familiesnywithin the quarters. Seventeen (17) East-Wasketses were
established along where VLF profiling were conddcé an interval of 10m. The qualitative and quatitie
interpretations of the VLF-EM data revealed tweltittyee (23) positions along the traverses that ébeub
significant conductivities which are suggestive tbick and/or fractured overburden which are favblea
structures for possible groundwater accumulatidresé¢ 23 positions were selected for further detaile
investigation using the Vertical Electrical SourglifvVES) technique. The Twenty-three (23) VES statiovere
thereafter occupied employing the Schlumbergemgament, with half-electrode spacing (AB/2) varyfngm
1-150m. The quantitative interpretation of the oletd VES data were carried out using the curvezhiag and
computer iteration techniques. The 3-layer (A and4dlayer (HK, KH, KQ and QH); 5-layer (HKH); 6yar
(AKHK and KHKH) and 7-layer (HKHKH) depth soundirgurves were derived from the area. The 4-Layer
type curve is predominant with 25% occurrence. @keelectric sections mapped-out five lithologictsini
including the topsoil; the weathered layer; thetlpareathered/fractured basement, the fracture@rnast and
the fresh basement. From the integrated consideradf the geoelectric parameters and inferred aquif
characteristics of the study area, it becomes etahat the following VES postions are recommeneldbi the
development of good yielding groundwater developnsehemes in order of priority, VES 20 , VES 12ES/
18, VES 10, VES 8, VES 7 and VES 15.
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1.0 Introduction

The Staff quarters of Ekiti-State University loahtat Onigari Government Reservation Area (GRA) have
suffered the problem of water scarcity for donwesteeds of the residents. This was as a resultoof n
productive hand-dug wells, failed boreholes andtarsupply from the state government water supgigncy
in the town. Water is needed in the quarters afmirdidg community by members of staff, drivers la¢ wehicle
pool and the University primary school located witthe premises. It was observed that most of thielibgs in
the quarters have erected concrete - structureheadr stands with installed tanks with which thddergs
purchase water supplies through tanker and truckske care of their needs. Since the Universityat able to
provide sustainable water supplies from other sesjr¢here is need for exploitation of the grounawat
resources available in the are. Virtually all tlenéi-dug wells within the study area are of lowdiehile others
usually dry up during the dry seasons.

In order to address the scarcity problem, a contbirgeophysical investigation involving the Low
Frequency Electromagnetic method (VLF-EM) and eileat resistivity methods were integrated to map th
geologic structures such as faults, fractured zore®f of bedrock and overburden thickness. Thd-\EM
method serves as a means of preliminary investigatiol upon which comprehensive study can be edmut
(Olorunfemi et’al, 2000, Ademilua et al, 2015,Olofemi et’al 2000) .

The application of geophysics in determining pthe source for groundwater abstraction has
served a lot of purposes in saving time and mogeiding against earth potential problem and provisof
adequate information for drillers on safest anctkgst means of drilling the appropriate points. Tmenbined
methods of VLF-EM and Electrical resistivity hasoped to be a cognizable and referable geophysical
investigative tool used in determining the occuceerand reliability of groundwater for the use ofteva
mankind. Electrical geophysical method embroidersibknowledge derived from VLF-EM results thatye
the conductive zones across the study area whigksas suspected points for further detailedystibbctrical
resistivity method is versatile in delineating zemé possible groundwater accumulation sources@maations
that actually house the groundwater. It is releviantlepth to bedrock estimation, aquifer delineatand
structural mapping (Ademilua and Eluwole, 2013,401

VLF-EM and the electrical resistivity methods weised in the study area to delineate the subsurface

92



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) ([N}
Vol.7, No.2, 2017 IS

geoelectric parameters, identify aquifer units amap geologic structures such as faults and fradtaomes,
overburden thickness, basement relief e.t.c. whimkld give room for adequate groundwater accurnanattd
sustain the immediate needs of the University seiding within the quarters.

2.0 Site Description And Geology

Ekiti State University staff quarters is locatedhin the Ado-Ekiti township. Ado-Ekiti falls withimatitudes
7.541 — 7.721 degree North of the equator and ltodgs 5.139 - 5.333 degree East of the Greenwicidiae
(Figure 1). Ado-EKkiti, the state capital of Ekitia®e, Nigeria lies within the Precambrian Basentamiplex of
Southwestern Nigeria (Rahaman, 1988). This zone destribed to comprise Migmatite Gneiss Quartzite
Complex, slightly migmatized to unmigmatized schishd metaigneous rocks; gabbroic and dioritic spakd
the members of the older Granite suite. The Staffrigrs lies within the quartzite region of Ado-EkFigure

1).
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Figure 1: Geological Map of Ado-Ekiti Showing the Study AréAfter .... 2012)

3.0 Method of Study

The study involved pre-investigation of the enviremt by studying the geology, topography and thelitmns

of the available water supply facilities like hatidg wells within the study area. The area was deaned to
determine appropriate areas for establishmentavktses. A total of eighteen Traverses were archfgethe
study; whereby seventeen traverses were orienteédeatablished in west to east direction; and ons wa
established in north to south direction (Figure™)e length of the traverses ranged from 160m @n2With
inter-station spacing of 10m; while the inter-treseespacing ranged from 10m to 40m.

An initial reconnaissance survey involved the us¥ary Low Frequency Electromagnetic (VLF-EM)
method was applied. This method was used to déteatonductive zones along each of the establishgdrse
lines such as moderate to steeply dipping watéedfifractures or fault using military radio signial the
frequency range between 15 to 30KHz range. The EMrdata were acquired at an interval of 10m alomche
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of the traverses with the aid of ABEM WADI VLF-EMstrument. The real and the imaginary componeits o
the induced magnetic field as a ratio of verticalgmetic field to the horizontal magnetic field wasasured by
the instrument. The data processing involved tleeaidMicrosoft Excel Package/ program. The proctskda
were interpreted both quantitatively and qualitelty The raw-real and filtered real data were icspe by
identifying point of inflexion and positive peak@nalies respectively; which are good indicationsobsurface
buried conductors.

Electrical Resistivity method was employed for deth geophysical study of the area. This was
carried out with the aid of SAS 1000 Omega Campssstivity meter at points initially indicated asncluctive
zones by the VLF-EM method. The Vertical ElectriBaunding (VES) technique involving Schlumbergeag
was adopted with half current electrode spacing/2ABhat ranged from 1 to 150m. A total of twenlyee (23)
VES stations were occupied. Analytical method oftiph curve matching was used to deduce the data
quantitatively after plotting the apparent resisgivagainst half current spacing (AB/2) on a bi-lggaph.
Geoelectric parameters were produced from the emmatehing and smothered with the aid of win re$is
(Vander Velpen, 1988) software.

The parameters were consequently utilized to devgémelectric sections across the study area. Three
sections (GES1,2 and 3) were taken along approgiynBtW-SE direction, these were followed by twotists
(GES 4 and 6) which were taken along approximahel$ direction while the last one other cross-tisac
(GES 5) was taken along approximately NE-SW dioect
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Figure 2: Data Acquisition Map of the Study Area

4.0 ResultsAnd Discussion

41 TheVLF-EM Profiles

On each figure, the blue coloured profile represéime raw-real, while the red colour is the filtbreal profile.

Each of the figures was carefully examined for ahgeristic delineation of positions where the poirfit
inflection of the S-shaped anomaly on the raw-oedhcides directly with the peak positive amplitumleomaly

on the filtered—real profile which is presumed tincide with a conductive subsurface structure @ivdua and
Eluwole, (2013), (2014)). The factors ( direct aditence of the point of inflection of the S-shapedmaly on
the raw-real with the peak positive amplitude aalynon the filtered—real profile) are diagnosticioé presence
of subsurface structures (fractures,faults, thicl aonductive overburden) that are favourable tmgdwater
accumulation were carefully examined, and thosepbsasess satisfactory lateral and depth extents sedected
for further investigations. A total of twenty-thré23) of such stations/points represented as VEE53%-23 on

figures 3a-p were generated in the study area.
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Figure3. The VLF-EM Profilesalong Traverses 1-17 Showing the VES points

TheVES Curves

Five classes of resistivity sounding curves weleseoved in the study area, these include the 3-lg@yand H)
curves (Figures 4a and 4b); the 4-layer (HK, KH, @ikl KQ) curves (Figures 4c-f); 5-layer (HKH) curve
(Figure 4g); 6-layer (KHKH and AKHK) curves (Figwrdh and 4i); and 7-layer (HKHKH) curve (Figure.4j)
The 3-layer curve type has 18% occurrence with @ ldncurves having 9% each. The 4-layer categore® h
35% with HK, KH, QH and KQ having 9%, 13%, 9% arfb 4espectively. The 5-layer curve type which is
HKH curve type has only 25% level of abundance.oAB-layer curve type is having 13% with KHKH and
AKHK having 9% and 4% respectively. The 7-layenautype which is HKHKH has only 9% of the total earr
(Table 1).
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Table 1: Summary of Distribution of the different Curvegpes in the Study Area
SN | CURVE RESISTIVITY MODEL VES FREQUENCY %
TYPE NUMBER ABUNDANCE

1 A pl <p2 <p3 4,5 2 9

2 H pl >p2 <p3 2,11 2 9

3 HK pl >p2 <p3 >pd 9,21 2 9

4 KH pl <p2>p3 <p4d 17,18,23 3 13

5 KQ pl <p2 >p3 >p4 12 1 4

6 QH pl >p2 >p3 <p4d 1,3 2 9

7 HKH pl >p2 <p3 >p4 <p5 6, 8, 14, 19, 6 25

20, 22

8 AKHK pl <p2 <p3>p4 <p5 >pb 15 1 4

9 KHKH pl <p2 >p3 <p4 >p5 <pb 13, 16 2 9

10 | HKHKH | pl >p2 <p3 >pd <p5 >pb <p7 10 2 9

23 100
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Figure 3: Typical Resistivity Sounding Curves obtainedhe study area. (a) A-Type, (b) H-Type, (c) HK-Type,
(d) KH-Type, (e) KQ-Type, (f) QH-Type, (g) HKH-Typ¢h) AKHK-Type, (i) KHKH-Type, (j) HKHKH-Type

4.3. The Geoelectric Sections

The 2-D geoelctric sections across the VES poimsewleveloped from the resistivity and thicknesaupeters
generated from the depth sounding curves to caerdlze sounding points within the study area. S (
geoelectric sections were generated, these incBEl®1l, GES2, GES3, GES4, GES5 and GES6 (Figure. 4a-f)
GES1 correlates VES 18,14,13 and 10; GES2 corseldiES 20, 12, 8, 7 and 2; GES3 correlates VES 236,
and 1; GES4 correlates VES 18, 20, 4, 22 and 21S55€orrelates VES 11, 7, 6, 3 and 21; while GES6
correlates VES 15, 16 and 17. GES1 (Figure 5a)ate\e total of five (5) geoelectric layers under Hection.
Virtually all the VES points have common layers @xcVES 13; and they all occur with five layers @hhare;
the topsoil with resistivity and thickness valuaaging between 179ohm-m and 347ohm-m, and 0.2n d&mad
respectively; weathered layer characterised wittritic soil filled with quartzite rubbles havinglatively high
resisitivity and thickness values at VES 13 and VY&SThe partly weathered/fractured basement lager i
charaterized with the restivity values that rangemf 127ohm-m to 963ohm-m. The fractured basemetit wi
relatively low resistivity values ranging betweetoBm-m and 102ohm-m and high thickness betweendriin
22m represent a few of the considerable instaf@could be promising for good groundwater accuatoh in

a typical basement complex terrain. This layerdsmmon to all the sounding points along GES1 exdaept
VES13. VES 18 can be considered to be most progirall the VES points along this section condiatgthe
thickness of the aquiferous unit of 22m and conpagly low resistivity value. The depression towarthe
fractured basement layer beneath VES 18 from VE8@0d be substantially favourable for accumulatidn
water within the aquifer setting along the secti@lorunfemi 2009, Olorunfemi et al 2000, Obasi &t a
2013,Ademilua and Olorunfemi, 2011). Furtherm@&S 2, 3, 4, 5 and 6 revealed five (5) geoeleclaigers
like that of GES1. From these, VES12, 8 and 7 viewad to have geoelectric and geologic conditidre tire
favourable for highly productive aquifer settingmsidering the occurrence of faults, low resisgiviand high
thickness values which characterised the geoatdalyerings along these GES sections in the stuely. an the
same vein, a careful consideration of VESS is ating of it's prospects to be more efficient andliic with
very high thickness of 33m and a resistivity vahgelow as 87ohm-m which are diagnostic of a higiidjng
aquifer setting along GES3 section. Consideringst#tion GES5, VES7 is evidently the most appetenpoint
with reasonably high thickness of fractured basd¢mémbout 32m and low resistivity value of 78ohm-mll
the VES points along GES 6 are characterized bgrpeters that are considerable, moreso given theeince
of the thick fractured zone which straddle the isectwhich would be highly complementary to the theaed
layer if well penetrated(Olorunfemi and Fasuyi, 39®lorunfemi, 2009, Ademilua and Eluwole, 2013120
Succintly put, the occurrence of the uniquely comtis sequence of the fractured basement makes 1BES
along GES 6 considerable as the most approprfasdl along this section having a system of twocfuzed
layers confined within fresh basement with the selcfractured layer occuring at the greatest depftal the
three sounding points along the section. From fbeementioned criteria and analyses, it becomearetethat
the following VES postions are recommendable ferdbvelopment of good yielding groundwater develeptm
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schemes in order of priority, VES 20, VES 12, VES, VES 10, VES 8, VES 7 and VES 15.
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Figure 4(a-f): Geoelectric Sections Beneath Selected VES Pom}{$GES 1, (b) GES 2, (c) GES 3, (d) GES 4,
(e) GES 5 and (f) GES 6

5.0 Conclusion

The study revealed that the environment is haviridga potential for groundwater accumulation. Tleult
showed that the environment is generally undefigifive lithologic units which include the topsoiteathered
basement, partly weathered/fractured basementufext basement and the fresh basement. Three divthe
lithologic units are favourable enough for grountevaaccumulation having been examined geologicatly in
terms of the resistivity and thickness of the layérhese are the weathered layer, partly weatHeaetlired
basement and the fractured basement. The aquifsrare generally below 18m thick except that ofSvB, 10
and 8. The overburden is generally thin in all tepelectric sections with an exception of GES 4hwit
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considerable thickness of about 26m. Others possesburden thickness that are less than 15m. Gerisg

all the factors that actually determine high pdtngroundwater formation for borehole developmérite
occurrence of continous sequence of the fractheessttment in conjunction with a thick sequence dthered
layer compels a consideration as appropriatéipoes along the geoelectric sections for the gitamd location

of a good and sustainable groundwater developnenetble. From the aforementioned criteria and aaslyit
becomes clearer that the following VES postions remmmendable for the development of good yielding
groundwater development schemes in order of pyidfiES 20, VES 12, VES 18, VES 10, VES 8, SVE
and VES 15.
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