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ABSTRACT

The geophysical analysis and interpretation of nedigndata to characterize subsurface has been erirtbrease
with Peter’'s half slope method being one of thdiestr quantitative techniques of depth determinati®his was
used with varying structural indices of 1.2, 1.61gh0 on a digitized aeromagnetic map for Ogbomersa with
sheet number 221 within longitude¥d E and 430E and latitudes ®0 N and 830 N, covering the total area of
55 km by 55 km (3025 KmThe data was gridded and delineated into prefée 100 m interval. Filtering process
was applied to remove the regional gradient andeoghmossible magnetic noises, subsequently varieasogical
bodies’ size and depth to the top of the magneticce were calculated. The result of the selectedilps revealed
different ranges of depth depending on the basemditator considered. The depth range are 750 183323 m for
very thin body, 562.5 m -1750.0 m for Intermeditiieekness, and 450 m — 1400 m for very thick body
respectively.The overall result from all the analysndicate the presence of magnetic mineral ressiin the
locality which spread across the surveyed regiothefearth crust.
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INTRODUCTION

In global geophysics, magnetic surveying over omeadges provided vital clues that led to the tiyeof plate
tectonics and revealed the polarity history of Herth’'s magnetic field since the Early Jurassic Mhgnetic
surveying consists of (1) measuring the terrestmagnetic field at predetermined points, (2) cdingc the
measurements for known changes, and (3) compdragesultant value of the field with the expectatlig at each
measurement station. The expected value of the fi¢l any place is taken to be that of the Inteomati
Geomagnetic Reference Field (IGRF). The differeheaveen the observed and expected valuesnsgnetic
anomaly[11].

Airborne geophysical surveys are an extremely ingudraspect of modern geophysics compared with rgtou
surveys airborne surveys allow faster and usudlbaper coverage, of large areas [8]. At the langasinnaissance
scale, the most common airborne surveys are aergtiagurveys [15]. Until the last couple of decatlee other
primary application of airborne surveys was in mahexploration where airborne magnetic EM and oawitric
surveys were applied.
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Over the last decade there has been increase iosthef airborne magnetics and more recently grawitthe
petroleum exploration industry [18]. The early udgotential field methods in petroleum was to nsegimentary
basin thickness but newer high resolution survegsused to investigate basement trends and intraattonal
structures [3]. High resolution methods are nowngeipplied in the groundwater, environmental, amgireeering
arease.g.in the mapping of areas of dryland salinization arate recently for defining properties of mineitagk.

Magnetic data measured on a given plane can bsftramed to data measured at a higher or lower gtevahus
either attenuating or emphasizing shorter waveterghomalies [10]. These analytic continuations lead
convolution integrals which can be solved eithethia space or frequency domain. The earliest ateemere done
in the space domain by deriving a set of weighticlyhwhen convolved with field data, yielded appnoately the
desired transform [13]; [7]; [1]. Later a rigoroapproach to determining the required weights aralyaimg their
performancewas developed [6].

Very recently, several new approaches have beesi@g®d that deal with depth determination and siratindex

estimation simultaneously. One method [4] calculdle field at many altitudes and scales the figiéh power law
of the altitude. The depth and index can be obthmefinding extreme points. Another method [173wases (like
the Euler method) homogeneous potential fields,amplies a similarity transform. Salem et al. [p8sented the
enhanced local wavenumber method (ELW) for intanpgeprofile magnetic data. Based on the 2D Eutpragion

[19], they showed that deconvolution of the derixes of the local phase can provide automatiarests of the
source location regardless of the nature of thecgsu

In this study the Peter’s half slope method willdmeployed to analyse the aromagnetic data fordbation in order
to determine the depth to the magnetic mineralaothrrough the structural indices.

MATERIALS AND METHODS

Location of the study area:Ogbomoso is a city in Oyo State, southwestern Nagem the Al highway. It was
founded in the mid-17th century. The population \@pproximately 645,000 as of 1991; as of March 2005
estimated to be around 1,200,000. The majorityhef people are members of the Yoruba ethnic grogmsy
cassava, maize, and tobacco are some of the naghiltural products of the region.Ogbomoso isated on
Latitude 8 08’ 00" and Longitude of 416’ 00” North of the Equator. Ogbomoso, the sectamgest City in Oyo
State after Ibadan, which is the Capital of Oya&thes within the derived savannah region ard & gateway to
Northern part of Nigeria from the West. Ogbomos&7sKilometers South West of llorin (the Capital Koivara
State) 53 Kilometers North — East of Oyo, 58 Kilaere North — West of Osogbo (Capital of Osun State) 104
Kilometers North — East of Ibadan (Capital of Oyatg)

Ogbomoso lies in the transition zone forest of BraGeographical region and the Northern savanrgibrreAs a
result of this, it is regarded to be of derivedasaah vegetation. The Town is seen to be a lowflarsdt Area with
Agricultural activities being the major activitiearried out on it. The regions around and withirb@goso has four
seasons like most of the other area in the soutNigeria. The long wet season starts from MarcBuly; it is the
season of heavy rainfall and high humidity. Therskloy season is normally in August. This is folledvby short
wet season and last September to October. Thedasbn is that of harmattanexperienced at the eNdvember
to mid-March. The man annual rainfall is 1-24mmeTNariation in rainfall quantities between differdretween
stations is rather in significant both on an anrauad monthly basis.

Geology of the study Area:The geology of Ogbomoso (Fig. 2) consists of Prdw&mn rocks that are typical for
the basement complex of Nigeria [14]. The majokrassociated with Ogbomoso area form part of tlmelRozoic
schist belts of Nigeria, which are predominantigyeloped in the western half of the country. Imtgmof structural
features, lithology and mineralization, the schistts show considerable similarities to the Acha€aeen Stone
belts. However, the latter usually contain mualgéa proportions of mafic and ultramafic bodies asdemblages
of lower metamorphic grade [14].

The gneiss complex which underlies the northern sodthern part of the Ogbomoso district comprises a
considerable broader area of outcrops. Locally,rtiu sequence composes of basically weatheredzifeaand
older granites. The minerals found in this areastituie mostly amphibolites, amphibole schist, mdtea mafites
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and meta pelites. Extensive psammitic units withanimetapelite can also be found. These consigtiaftzites and
quartz schist. All these assemblages are assoaigdthdmigmatitic gneisses and are cut by a varigtygranitic
bodies [14].
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Fig. 1: Map of the Location of the study area in seet view.

The rocks of the Ogbomoso district may be broadbupged into gneiss-migmatite complex, mafic-ultrafim suite
(or amphibolite complex), meta sedimentary assegaslaand intrusive suite of granitic rocks [12]. Ariety of
minor rock types are also related to these unit® gneiss-migmatite complex comprises migmatic guaahitic,
calcareous and granulitic rocks. The mafic-ultramatiite is composed mainly of amphibolites, amplabschist
and minor metaultramafites, made up of anthopéitiemolite-chlorite and talc schist [9].

The meta sedimentary assemblages, chiefly mettepedind psammitic units are found as quartzites cuztz
schist. The intrusive suite consists essentiallfPah African (c.600Ma) Granitic units. The minocks include
garnet-quartz-chlorite bodies, biotites-garnet r@glenitic bodies, and dolerites [14]; [5].

Peter's Half Slope:Peters in his classical paper on magnetic intepogt [13], presented a rule of thumb to find
the depth to the magnetic source. Peter’s rulaseth on the mathematical expression for magnetimalies over
vertical dikes with vertical polarization. Accordinto Peters, the half maximum slope distaiidg is equal
(approximately) to 1.8 whereh is the depth to the magnetic source as showmgundi3

The digitized aeromagnetic data of Ogbomosho aittasheet no 221 which covers the total area okra5by 55
km was processed and transformed into profiles. ffdmesformed data was then converted into an eabtigrid
format through the use of Golden Surfer beingiappbn software for geophysical explorations.

The software was also employed in filtering theadatorder to remove the regional gradient andiptessiagnetic
noise. To achieve better gridded data, Kriging apph of the software was used from which the celdunap of
the location was generated in Figure 4.1 which shtve magnetic intensity values of the area in test®. The
area was contoured at the magnetic interval of 40 n
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Figure. 2: Geological map of Nigeria (after Obaje2009)
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Figure 3: Peter’s half slope method of depth-to-basnent determination
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The application of the Peter’'s half slope methogunes identification and location of the slopecourve with
maximum amplitude on the magnetic intensity profie magnetic anomaly chart created by using the
magnetometer. This maximum slope is the most spegp of the magnetic anomaly line on the graph.nThe
straight line through the maximum slope, extendiegond the slope's top and bottom end and inténgewsfith the
chart's x-axis beyond the bottom endis the "slopz"

Further,vertical line is drawn, connecting the maim slope's top end with the chart's x-axis withvhrtical line's
height measuredwith ruler and its middle point nedtkA straight line connecting the slope line'siiséction with
the x-axis and the middle point of the verticaklis refered to as the "half-slope line."Add twaight lines parallel
to the half-slope line and tangent to the magrnietansity line, touching the curve, but not intetsey it.

Assign the magnetic body an index value or "prdposlity factor,” ranging from 1.2 to 2, depending the
object's size. Divide distance by index value twlfthe depth of the object. For bodies having wenmall width-to-
depth ratios as in the case of thin shedtd,.2 h and for bodies having very large width-to-depthostd= 2.0
h.Therefore, for a 2-D body with vertical sides, onifi and nearly vertical magnetization the followieguation
holds

d=1.2h (very thinbody) 1)
d=1.6n (intermediate thickness) . (2)
d=2.0h (very thick body) 3)

Whered-the horizontal distance corresponding to half theximum slope which is tangent to the curve, &nd
depth to the basement of the body.

RESULTS AND DISCUSSION

Table 1: Magnetic Depth to the sources with Structxal Indices

Depth (m) Variation with Structural Index (SI)
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T 8 |62 QEEL | A20 | 2
AA* | 2200 | 1833.33| 1375.00 1100.0( 1436.11
BB* | 250C | 2083.3{ | 1562.5( 1250.0( | 1631.9:
CC* | 2000 | 1666.67] 1250.00 1000.0p 130556
DD* | 2000 | 1666.67| 1250.00 1000.00 1305.56
EE* | 2200 | 1833.33 1375.00 1100.0p  1436(11
FF* | 900 750.00 562.50 450.00 587.50
GG* | 1100 | 916.67 687.50 550.00 718.06
HH* | 190( 1583.3: | 1187.5( 950.0( 1240.2¢
Ir* 2800 | 2333.33] 1750.00 1400.0( 1827.Y8
JJ* 1900 | 1583.33 1187.50 950.00 1240)28
Table 2: Range of Depth for various geologic boels
Structural Index Range of Depth (m)
Very Thin Body 750.0-2333.3
Intermediate Thickness  562.5-1750.0
Very Thick Body 450.0-1400.0

The analysis and interpretation of aeromagnetia gais done both quantitatively and qualitativellisTimplies
that in getting substantives information about titeology of a location, so many factors must be puto

consideration [20]. Also, geophysical techniqued¢oemployed must be such that it is suitable Hergurpose of
the work. Peter’s half slope method being one ef g¢larliest quantitative techniques of depth deteation was
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used with structural indices of 1.2-2.0 with whichrious geological bodies’ size and depth to base¢mere
calculated. The result presented in Table 1 andeT2lwere the output of Peters’ half slope methdtth warious
structural indices for very thin body(SI=1.2), imtediate thickness (SI1=1.6) and very thick body=£D).

The outcome of all the selected profiles revealéfrént ranges of depth depending on the basenneiitator
considered. The depth range are 750 m-2333.3 wefgrthin body, 562.5 m -1750.0 m for Intermedittiekness,
and 450 m — 1400 m for very thick body respectivély further analyse the data using quantitatiyeregch, the 3-
D surface distribution of the magnetic mineraltie tocality was generated through the automatetiodedf golden
surfer. This is so since the signals generatechbyptesence of these magnetic minerals can deternmia large
extent the depth and geometry of the buried bodgtiadr at the near-surface or deep-seated regitreajeologic
unit of the basement complex. This is presente#ign3, fig. 4 and fig. 5 respectively at interval 40nT on
magnetic field scale.
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Figure 3: Total Magnetic Intensity Map of the studed area
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Figure 4: 3D-Surface distribution of the magnetic nmeral in the locality

CONCLUSION

The aeromagnetic analysis and interpretation ofthdied area was carried out which has reveakegtbspect of
magnetic mineral exploration. The depth to the abphe magnetic material has helped to delineateatiea as of
low and high of magnetic anomaly as a result fréva $elected profiles. Lithologically, the study adurther

helped to better understand the formation of tlo mithin the basement complex. The variation afictural index

plays an important role in the classification adignetic mineral as of thin body with the depth ei§ 750.0 —
2333.3 m, intermediate thickness with depth 56215¥50.0 m, and very thick body with depth 450.040(L0 m.

This indicates that the thickness of the magnedidybis inversely proportional to its depth as tleeythin body

produced the deepest depth while the very thick/lpsdduced the shallow depth with faults and freedizone.
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Figure 5: A gridded contour map of the study arean Geographical coordinates.
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