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ABSTRACT

Groundmagnetic method was used to delineate into the subsurface in Oke-Ogba area, Akure, which falls within
latitude 07° 14" to 07° 19 North and longitude 005° 06" to 005° 12' East Southwestern Nigeria, with a view to
determining the competent areas for engineering purposes and the promising areas for hydrogeologic prospects. A
total of four traverses were established for the purpose of the groundmagnetic study, and the results were presented
as groundmagnetic profiles of varying magnetic intensities. The result of investigation revealed that the intensities
and characteristics nature of the magnetic anomalies as expressed by all profiles are indicative of the different rock
types producing them. Qualitative and quantitative interpretation of individual magnetic anomaly and geological
knowledge of the survey area yielded information on the depth of geological features (e.g. rock contact, faults or
fractures), structures and magnetic properties of rock units. From the preliminary interpretation, the existence of
some structural features such as a likely fault, fracture and contacts between rocks as well as relatively mineralized
zones that might contain magnetic minerals of essential magnetite origin is revealed. It was also revealed that Oke-
Ogba area, Akure, Southwestern Nigeria is averagely competent for both engineering purposes and hydrogeologic
purposes.

Keywords: Groundmagnetic Interpretation, Magnetic Highs, Wetie Lows, Engineering Purposes, Hydrogeologic
Prospects, Oke-Ogba Area.

INTRODUCTION

The origin of the earth’s magnetism is commonliéhadd to be the liquid outer core, which coolshat dutside as a
result of which the material becomes denser ankssiowards the inside of the outer core and newmnaguid
matter rises to the outside, thus, convection atsrare generated by liquid metallic matter whiabventhrough a
weak cosmic magnetic field which subsequently getiesrinduction currents [1, 2]. It is this induatiourrent that
generate the earth’s magnetic field [3, 4]. Mostkeoof the earth’s crust contain crystals with me&gnminerals,
thus most rocks have a certain amount of magnetibioh usually has two components: induced by thgmatic
field present while taken measurement, and remnmhith formed during geologic history [4, 5].

The purpose of magnetic survey is to locate roagksimerals having unusual magnetic properties whireal
themselves as anomalies in the intensity of ththsamagnetic field [6]. Groundmagnetic study isdidor detail
mapping in order to understand the subsurface ggaban area [1, 4, 7]. It has been used extelysimebasement
mapping [8]. The technique requires measurementhefamplitude of magnetic components at discreiatp
along traverses distributed regularly throughowt gurvey area of interest. In groundmagnetic stubygee
components are measured which are horizontal caéaind total components. The vertical componemdstiae total
components are mostly used in the past studieslioedte faults, fractures, depth to magnetic bas¢mand other
geological structures [1, 4, 8]. In this study, dld¥lagnetic Intensity (TMI) or total components weneasured at
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discrete points along traverses in order to ingasti on the geologic features like fault, fractanel rock contact
distribution within the study area.

Susceptibility values are important for the quatitie differentiating rock types. The magnetic syibility of
rocks is controlled by the amount of magnetic mafein them, grain size and mode of distributioatrimagnetic
substances give rise to higher magnetization andehkigher susceptibility [3, 7, 9].
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Figure 1: Grouped geological map of Nigeria (extracted from Geological map of Africa produced by MacDonald and Davies, 2000 [11]).
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Figure 2: Regional geological map of Nigeria (Modified after Ajibade et al., 1988 [13]).

SITE DESCRIPTION AND GEOLOGICAL SETTING

Oke-Ogba area lies within latitude®04 to 07 19 North and longitude 0096 to 008 12 East. It is situated at the
Southern part of Akure township and on a ruggedgenttle undulating terrain characterized by outabpgranite
and charnokite rocks. The climate of the area e¢tsmp short dry season and long wet season. Theaasbn last
from April to November with a peak in June and Judlriese are vindicated by dense evergreen forggttaton.
The dry season last from November to March withddeloer and January being the driest months. Theaenpe
varies between 28 and 38C throughout the year with high humidity during tivet season and low humidity
during the dry season [10]. Oke-Ogba falls withire tSouthwestern portion of Nigeria Precambrian inesg
complex (figure 1) [11] which lie within Pan Afrinamobile belt, East of West African Craton. The drasnt
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complex is believed to be polycyclic [12]. Locallthe study area is underlain by basement rock tygoes as
slightly migmatite gneiss complex rocks (figuret@at are slightly migmatised to non-migmatite methsentary
and meta-igneous rocks, charnokites and granitesrakhese rocks occur as iceberg, isolated andneamis hills.
Low lying outlying outcrops of magmatite gneiss aqehrtzite boulders were also seen in the surviey She
topsoil ranges from sandy clay to dark loamy sod gravel aggregates.

MATERIALSAND METHODS

The instrument used for the groundmagnetic surgsehe Geometries Proton Precession Magnetometeteln®

856. This proton magnetometer produces an absalnte relatively high resolution of the field and pasy/s

measurement in digital lighted readout. A totaffair traverses were established for the groundntagearvey,
and the results were presented as groundmagnefiteprof varying magnetic intensities. The instemhhowever
gives magnetic intensity values in gamma and wasl fier groundmagnetic prospecting of Oke-Ogba ateag

four traverses in North to South and East to Wéastictons. The traverse length range from 210m40n3 with

interstation spacing of 10m. The magnetic readiwgse corrected for non-mean, near surface effed, drift

correction. The noises were removed by filtering diata using three-point moving average filter [T4je eventual
magnetic data were presented as profiles by pépttie relative magnetic values against stationrsg¢ipas for each
profile. Linear trend analysis of each magnetiweérae was obtained which was used to construct)(2etour
map and (3-D) surface plot for more qualitativeeiptetation. Quantitative interpretation involvée tuse of half-
width of the amplitude method for the estimatiorowérburden thickness [8]. The estimated magnefthts to the
basement along each traverse were determined asdred in table 1.

RESULTSAND DISCUSSION

The results of the data gotten from groundmagrmtivey of Oke-Ogba area, Akure were discussedrmstef

guantitative and qualitative interpretations. Thmfitative interpretation involves the estimatafrthe overburden
thickness to the top of the magnetic basement,isad shown in table 1. It indicated varied baserteyography
with depth ranging from 3.0 to 19.5m. The topogsaplfi the study area revealed that the basementistonfs
consolidated rocks. Areas that are underlying wiitim overburden in the study area are good for rexeging

purposes while areas that are not good for geoteshpurposes will be useful for hydrogeologic pasps.

The qualitative interpretation involves interpregatof the magnetic traverses, magnetic contourag (2D plot)
and magnetic surface map (3D plot). 2-D and 3-[adegre derived from Linear Trend Analysis of thegmetic
traverses in the study area [15]. These two maggréf 4 and 5) were plotted using Surfer 8 softWa6s.

Table 1: Depth estimates of groundmagnetic traver sesrelative to the ground surface from Oke-Ogba ar ea, Akure using Half-Width of
the amplitude method.

Depth to the magnetic sour ces (m)

Traverses ——T"5"TC TD| E | F |G
Traverse 1 5.5 19.5 126 6/5 100 125 -
Traverse 2| 5.0/ 10.% 3.5 50 30 310 5.0
Traverse 3| 11.0 4.0 3.5 50 40 3
Traverse 4 8.0 17. 11.6 8|0 -

Magnetic Traver ses

Traversel

The traverse covers a total length of 340m (figdaand trends in West to East direction. The tse/ehows series
of magnetic highs and lows with magnetic highs aBAC, D, E, and F and magnetic lows at T, U, \,,X\and Y.
Magnetic highs at A, C, D, E, and F are suspeaiedetdue to near surface magnetic minerals suchyatalline
rocks (igneous or metamorphic) with a suspect optdike igneous or metamorphic at B. With the magation
level across this traverse, locations A to F aee ltbtter place for engineering purposes. An infhacpoint is
noticed between location C and D which is suspetddik contact between two rocks. The magnetic s to Y
are suspected to be due to the presence of nonetiagninerals such as fault, fracture, crack ortacnbetween
two rocks. However, these locations will not be dyémr engineering purposes but will be suitablerfpdrogeologic
purposes.

Traverse?

The traverse covers a total length of 230m (figdiog and trends in South to West direction. Thedrse shows
areas with magnetic highs at A, B, C, D, E, F andh&h are suspected to be due to near surfaceatiagninerals
such as crystalline rocks (igneous or metamorphibgse locations are the better places for engimg@urposes.
Magnetic lows are experienced at T, U, V, W, X, ahd.ocations T to X are suspected to be due tqtesence of
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non-magnetic minerals like faults, crack or contaetween two rocks while location Y is suspectethadracture
because of the wide gap in the region. Distancert0 170 m from the starting point is interpretedinflection
point which is suspected to be contact betweenrtwks. Except at location V that might not be fanatile because
of its magnetization level, other locations that\wshd magnetic lows are suitable areas for hydraggopurposes.

Traverse3
The traverse covers a total length of 210m (figdeand trends in North to South direction. Thedrae shows the

same trend as that of the previous traverses. Av#ghanagnetic highs at A, B, C, D and E are susgkto be near-
surface magnetic minerals like igneous or metamiorpscks. These locations are good for engineepimgoses.
Areas with magnetic lows at T, U, V, W, X, Y, andarZe suspected to be areas with non-magnetic nfsnigea
fault, fracture, crack or contact between two ro¢kswever, T, W, X and Y are the best locationshigdrogeologic
purposes along this traverse. Distances 70m to &@190m to 210m are inflection point which couéddontact
between rocks.

Traverse4

The traverse covers a total length of 340m (figeale and trends in South to North direction. Aredhwnagnetic

highs at A, B, C and D are suspected to be nedaeimagnetic minerals like igneous or metamorpdi&s. These
areas are good for engineering purposes. Areasmatinetic lows at T, U, V, W, X and Y are suspedtede areas
with non-magnetic minerals like fault, fractureack or contact between two rocks. The wide spadecation U

further confirms it to be fracture zone while dista 270m to 340m from the starting point is aneictibn point

which is suspected to be contact between rocksatiat U, V, W and X are favourable for hydrogeotogurposes
while location Y could also be considered favoueablo.
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Figure 3a: Magnetic profile along traverse 1.
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Figure 3b: Magnetic profilealong traver se 2.
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Figure 3c: Magnetic profilealong traver se 3.
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Figure 3d: Magnetic profilealong traverse 4.

Linear Trend Analysis
The linear trend analysis for the total groundmaigriata at Oke-Ogba area Akure was obtained USmgtion 1
to 4 from Microsoft Excel package for the interpt&ins of the four traverses occupied in the studa.

y =-0.1028x + 142.25 (1)
y = -0.3875x + 140.88 )
y = 0.3209x + 67.062 (3)
y = -0.1483x + 103.65 (4)
Ar (residual) =AT (corrected field data) AR (regional) (5)

Equations 1 to 4 were used to obtain the regioragnatic, AR values for the total groundmagnetic study of this

area where x is the station position. The residuadnetic, Ar values were obtained using equation @&)[ . The
results obtained were used to construct the relsBHIa (contour) and 3-D (surface) groundmagnetiqsaf the
study area.

2-Dimensional and 3-Dimensional Residual Groundmagnetic M ap

2-D and 3-D residual groundmagnetic map of theysarga using linear trend analysis for total grouagnetic is
as shown in figure 4 and figure 5. From the two spapshowed that the study area is divided injmats. Areas
with low magnetic values (where magnetic intensitiee lower than 100 Gamma) and areas with highhetiag
values (where magnetic intensities are higher th80 Gamma). Low magnetic intensities dominated the
Southwestern, Southern and part of the Southeastgyjion of the study area while high magnetic isiées
dominated the Central, Western, Northwestern, MorthNortheastern and Eastern region of the sttely @igure 4
and 5). Areas with high magnetic intensities ateadompetent areas for engineering purposes wiaksavith low
magnetic intensities are the suspected areas finoggologic purposes. From figure 5, it further whdhat the
Southwestern and Southern region of the study ameahe promising areas for hydrogeologic prospectuse of
vivid low magnetic intensities been revealed onrttap.
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Figure 4: The 2-D (contoured) residual magnetic map of the study area.

140 Gamma
133 Gamma
130 Gamma
125 Gamma
120 Gamma
F115 Gamma
F110 Gamma
105 Gamma
M—WD Famma
93 Gamma
a0 Gamma
-85 Gamma

80 Gamma

[ 75 Gamma

I
0om a0m 100m 150m 200m
Figure5: The 3-D (contour ed) residual magnetic map of the study area.

CONCLUSION

Interpretation of groundmagnetic data in Oke-OgbsaaAkure, Southwestern Nigeria revealed materath

magnetic minerals like metamorphic and igneous soghkile in other areas revealed materials with magnetic
minerals like faults, fractures, rock contacts goidts between two rocks along the traverses beeestigated in
the area. Figure 4 and 5 showed that the study iaraseragely competent for engineering purposeweisas
averagely competent for hydrogeologic purposess Thiachieved because areas with low magnetic dities
should be avoided when considering locations fajirezering site. However, it is these areas with loagnetic
intensities that will be favourable for hydrogedtogurposes especially borehole development.

A multidimensional approach to the studies (thahes magnetic profiles, residual 2-D map, resid+&l map and
depth to the basement estimation) has made thg btti very qualitative and quantitative as infotima missed
by any of the approach is revealed by the otherthekby necessitating justifiable conclusionss tecommended
that other relevant geophysical methods be usétkistudy area to confirm the predictions in thisks.
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