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Abstract

An automated 2-DEuler deconvolution method was dpgl on a digitized
aeromagnetic data for Ogbomoso area with sheet nemi221 in order to
determine depth to basement, horizontal position the object and possible
geometry base on the structural index of 0-3 sai@slescribe the body as contact,
thin dyke/sheet, vertical/horizontal cylinder or Bere within the bedrock. The
surveyed area falls within longitudes’@0 E and #30 E and latitudes &0 N
and &30 N which covers the distance of 55 km by 55 km 36@7). The data
acquired, gridded and delineated into profiles &1L m interval. Filtering process
was applied to remove the regional gradient and etipossible magnetic noises.
Reduction-to-pole of the total magnetic field intsity was carried out; the
contour map and surface distribution of the magnetminerals was obtained
using semi-automated geophysical software.The resylielded both minimum
and maximum values with 35.11m and 53.93 m for caett 360.08 m and 548.29
m for thin sheet, 721.16 m and 1093.90 m for cykmdwhile sphere has the depth
of 1082.23 m and 1646.87 m respectively. Qualitily the magnetic mineral
distribution follows SW-NE path of the location.
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1.0 Introduction

Airborne geophysical surveys are an extremely ingmdraspect of modern geophysics compared withrgraurrveys.
Airborne surveys allow faster and usually cheapsecage, of large areas [1]. The stages of magdati interpretation
generally involve the application of mathematicidtefs to observed data. The specific goals of éhBkers vary,
depending on the situation. The general purpoge mnhance anomalies of interest and/or to gainespraliminary
information on source location or magnetization.

One important goal in the interpretation of magneata is to determine the type and the locatiah®imagnetic source.
This has recently become particularly importantause of the large volumes of magnetic data thabeiry collected
for environmental and geological applications. Gapently, a variety of semiautomatic methods, basethe use of
derivatives of the magnetic field, have been degxetbto determine magnetic source parameters sutdcatsons of
boundaries and depths [2], [3].

As faster computers and commercial software haw®rbe widely available, these techniques are besegl unore
extensively. Utilizing first-order derivatives dfd magnetic field, Euler deconvolution was firggented for profile data
[4] and for gridded data [5]. The main advantagehef Euler method is that it can provide automatitmates of the
source location of the causative magnetic anomalies

However, it requires an assumption about the tyd®dy that is, the source. In practice, this isiaeed by specifying a
structural index1{) to define the source type in generalized situaticsetting a good strategy for discriminating, and
selecting meaningful solutions. Recent extensionthé Euler method allow to be estimated from the data, with the
calculation of Hilbert transforms of the derivasé].

Very recently, several new approaches have beealafgad that deal with depth determination and &irat index
estimation simultaneously. One method [7] calcyldte field at many altitudes and scales the figich power law of
the altitude. The depth and index can be obtainefihiding extreme points. Another method [8] asssrtike the Euler
method) homogeneous potential fields, but appliesnalarity transform. The enhanced local wavenumirethod
(ELW) for interpreting profile magnetic data wasalpresented for determining depth [9]. The 2D Ealguation [4]
showed that deconvolutionof the derivatives of libeal phase can provide automatic estimates olthece location
regardless of the nature of the sources.

Corresponding authdrayade, G.OE-mail: layadeoluyinka018@gmail.com, Tel.: +234843B356
Journal of the Nigerian Association of Mathematic&thysics Volume 28 No. 1, (November, 2014), 3778 3
371



Euler Deconvolution Technique... Adegokeand LayadeJ of NAMP

2.0 Materials and Method

2.1 Location of the Study Area

Ogbomoso is a city in Oyo State, southwestern Nigeria, @Athhighway. It was founded in the mid-17th century. The
population was approximately 645,000 as of 1991; as of March 2005,eitimated to be around 1,200,000. The
majority of the people are members of the Yoruba ethroomrYams, cassava, maize, and tobacco are some of the
notable agricultural products of the region.

Ogbomoso is located on Latitudé @’ 00” and Longitude of 416’ 00” North of the Equator. Ogbomoso, the second
largest City in Oyo State after Ibadan, which is tlagi@l of Oyo State, lies within the derived savannah regiwhit is

a gateway to Northern part of Nigeria from the West. @giso is 57 Kilometers South West of llorin (the Capfal
Kwara State) 53 Kilometers North — East of Oyo, 58 Kitens North — West of Osogbo (Capital of Osun State) and
104 Kilometers North — East of Ibadan (Capital of Oydejta

Ogbomoso lies in the transition zone forest of Ibadan Gebagegion and the Northern savannah region. As a result
of this, it is regarded to be of derived savannah vegatafibe Town is seen to be a low land forest Area with
Agricultural activities being the major activities dad out on it. The regions around and within Ogbomoso has four
seasons like most of the other area in the southern Nigédomg wet season starts from March to July; it is theoseas
of heavy rainfall and high humidity. The short dry seasamrmally in August. This is followed by short wet seaand

last September to October. The last season is that wfattan experienced at the end of November to mid-March. The
man annual rainfall is 1-24mm. The variation in rainfall quss#i between different between stations is rather in
significant both on an annual and monthly basis.
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Figure 1: Map of the Location of the study area.

2.2  Geology of the study Area

The geology of Ogbomoso (Fig. 2) consists of Precambdeksrthat are typical for the basement complex of Nigeria
[10]. The major rock associated with Ogbomoso area formgathe Proterozoic schist belts of Nigeria, which are
predominantly, developed in the western half of the countrermg of structural features, lithology and mineraicrat

the schist belts show considerable similarities to the Ach&aen Stone belts. However, the latter usually contain
much larger proportions of mafic and ultramafic bodies anehalsiages of lower metamorphic grade [10].

The gneiss complex which underlies the northern and southerofpghe Ogbomoso district comprises a considerable
broader area of outcrops. Locally, the rock sequence casmisasically weathered quartzite and older granites.
minerals found in this area constitute mostly amphibslimphibole schist, meta ultra mafites and meta pelite
Extensive psammitic units with minor metapelite can alsddund. These consist of quartzites and quartz schist. All
these assemblages are associated with migmatitic gnaisdese cut by a variety of granitic bodies [10].

The rocks of the Ogbomoso district may be broadly groupedginéiss-migmatite complex, mafic-ultra mafic suite (or
amphibolite complex), meta sedimentary assemblages and mstsusie of granitic rocks [11]. A variety of minor koc
types are also related to these units. The gneiss-migneatitplex comprises migmatic and granitic, calcareous and
granulitic rocks. The mafic-ultramafic suite is composed nigaiof amphibolites, amphibole schist and minor
metaultramafites, made up of anthophillite-tremolite-dtéoand talc schist [12]. The meta sedimentary asseyabla
chiefly meta pelites and psammitic units are found astzjtes and quartz schist. The intrusive suite consgstsrdially

of Pan African (c.600Ma) Granitic units. The minor rockslude garnet-quartz-chlorite bodies, biotites-garnek,ro
syenitic bodies, and dolerites [10],[13].
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Fig. 2: Geological map of Nigeria

2.3 Data Correction and Filtering

The digitized aeromagnetic data of Ogbomosho area wittt stte221 which covers thotal area of 55 km by 55 k
was processed and transformed into profiles. The tramefb data was then converted into :an exeeutgid forma
through the use of Golden Surfer. The data was filtemedrder to remove the regional gradient aagmatic oise.
Kriging approach was used to grid the data from whichctieured map of the location wass generatelgigure 4.1
which shows the magnetic intensity values of the areamotesla. The area was contoured at theetiagnterval of 4C
nT.

Furthermoe, the reduction to pole was performed to simplify thierpretation of anomalies by removing thgasetry
introduced due to its induction by the inclined main fidlde main field in only vertical at the rifloand south magnet
poles. As the name intips reduction to pole transform the data to that which woalthbasureed at the magnetic p¢
This simplifies the anomalies by centering anomalies dwercausative magnetic body ratheer thangbskewed an
offset to one side.

2.4 The Euler Deconvolution

Thompson [4]proposed a technique for analyzing magnetic profiesd on Euler’s relation for- homagmus functions
The Euler deconvolution technique uses -orderx, y and z derivatives to determine location and depth foriotas
idealized targts (sphere, cylinder, thin dike, contact), each charaettrby a specific structural index. Althiol
theoretically the technique is applicable only to a fewlybtypes which have a known consstant stractindex, the
method is applicable in principle &ll body types. The technique is extended to 3D datgplyying the Euler opera
to windows of gridded data sets [5]. The applicabilityhef technique was further simplified to hndpatial data usin
the indexes [14], [15].

Magnetic field M andts spatial derivatives satisfy Euler’s equation of bgeneity

(x- xo)—+(y yo) +(z- zo)— =-NM &
Where aM _—, aaM and aa—M in equation (1) represents first order derivative of tlagmetic fiield along-,y-, and z-
X 0y z

directions, respectively. N is known as a structural inded related to the geometry of the magnstiorce. Fo
example, N=3 for sphere, N=2 for pipe (cylin, N=1 for thin dike and N=0 for magnetic contac}. [baking into
account the base level for the regional magnetic fielelgBation (1) can be rearranged and wriits
oM oM oM oM oM oM
Xo +Y, +2, + NB =X +y +z + NM ¥}
0Xx ay 0z 0X oy 0z
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Assigning the structural index (N), a system okdn equations is obtained and solved for estimatieglocation and
depth of the magnetic body. Using a moving windawultiple solutions from the same source can beiodta Good
solutions are considered to be those that clustéiramd have small standard deviations [4],[5].

The Quantitative interpretation of the data wasriedrout using a softwarBdler Deconvolution for Windowsas
developed by G.R.J Cooper (2000) of Geosciencesiapnt, University of the Witwatersrand, JohanoegbSouth
Africa. This was used to model the Total MagndaRegduction-to-pole, Horizontal and Vertical Gradiehthe anomaly.
The Qualitative interpretation of magnetic dataiseprimarily hinging on map based recognition eatures such as:
discrete intrusion, discontinuities/offsetting fiaaustructural styles, disruptive cross-cutting eeas, tectonic events,
basement terrains, sediment pathways, and depesgtgj.

The automated application is a window based whipbrates on atwo-stage process. The input and ttpaitolevels
through which the gridded data is loaded into tystesm. This window enables the user to control spetify the type of
the data as magnetic, gravity or analytical sigA&do, the geomagnetic intensity value, angle dfiimation, declination
and flight are specified.The output plots are gatest for reduction to pole, total magnetic intensktorizontal and
vertical derivatives respectively in the same wind®he output is then used to determine the dejith clustered points
gives the best result as showing in Figs. 3-7

3.0 Result and Discussion
The results along five profiles were consideredinithe locality as shown in Table 1.
Table 1: Range of Depth (m) to the Magnetic Sowufdhe Geometrical Model

Depth (m)
Profile Contact Thin Dyke/Sheet Cylinder (horizontd/vertical) | Sphere
A-A* 44.43-44.70 453.28-456.04 907.56-913.08 13411870.12
B-B* 50.27-53.93 511.74-548.29 1024.49-1093.90 164%546.87
Cc-c* 37.38-38.19 386.62-388.38 774.24-782.76 1161174.64
D-D* 35.11-35.37 360.08-362.71 721.16-726.42 1082.290.13
E-E* 49.4€-49.57 503.5¢-504.6¢ 1008.1+1010.3! 1512.7"-1516.0:

In a quantitative manner, the profile A-A* in FiguB reveals various magnetic spikesof differenhatigres for the
reduction to pole data. However, a close obsemadithe anomaly indicated that the maximum magnsignature
occurred at the horizontal position 27500 m aldmg profile. The calculation of the magnetic demthitte edge of the
source was done with the following results as shawiable 1. The four possible geometry followirgp t2D Euler
equations gives contact the depth range of 44.48.70 m, thin sheet/dyke revealed 453.28 — 456.04nd cylinder
indicated the depth of 907.56 — 913.08 m whilerttegnetic source with spherical index has the depige of 1361.84
—1370.12 m respectively.

The magnetic signatures in Figure 4 of the Euleodeolution method has a significant shape whialea across the
profile B-B* within the 7000 m horizontal distanddowever, with the structural indices of the eqoagi, it is obvious
that the magnetic minerals were distributed alneesnly along the profile with various depths to sloeirce top as 50.27
— 53.53.93 m was found for contact, 511.74 — 5482fbr thin sheet/dyke, both horizontal and veiticginder has
1024.49 — 1093.90 m depth and 1563.0 — 1646.87 srcelaulated for the sphere.

The Figures 5 and 6 which showing profile C-C* andD* reveal almost the same pattern of magneticema@hsurface
distribution on the 2D Euler deconvolution plotsy Bhysical inspection along the 55000 m profilegitn there are
sprockets of magnetic anomaly of the reduced te gata with minimum and maximum respectively. Tésult of the
analysis of the profiles reveal the following faofile C-C*; the depth to the top of the magneticice of the basement
complex for contact source is 37.38 — 38.19 m,.&B6- 389.19 m for thin sheet/dyke, 774.24 — 782n/®r cylinder
and 1161.11 — 1174.64 m in profile C-C* while pl®fD-D* has contact, thin sheet/dyke, cylinder aptierical sources
produced the depth range of 35.11 — 35.37 m, 36862.71 m, 721.16 — 726.42 m and 1082.23 — 109én13
respectively.

The profile E-E* along horizontal distance producatbstantial magnetic signatures with the distidvufollows the
decay function as the profile progresses. The imébion provided by Figure 7 and Table 1 shows tiaidepth range of
49.46 — 49.57 m was for contact surface, 503.594.88 m for thin sheet/dyke, 1008.18 -1010.35 mdigimdrical
source and 1512.77 — 1516.03 for sphere respegtivel

As the magnetic anomaly could be better interprétth in quantitative and qualitative approach,deetihe essence of
Figures 8,9,10. The total magnetic intensity ofdhea was mapped at 40 nT interval with the regylhagnetic mineral
distribution is shown in Figure 8, also the 3D aud distribution of the mineral in the locality wgesnerated by golden
surfer as shown in Figure 9 while a gridded conto#p of the magnetic anomaly was generated whiowshhe
distribution along stretch of SW-NE of the locality
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Figure 3: Euler Deconvolution output for the magnetic degberminationalong profile A-A*
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Figure 4: Euler Deconvolution output for the magnédepth determinationalong profile B-B*
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Figure 5: Euler Deconvolution output for the magnetic degtberminationalong profile C-C*
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Figure 6: Euler Deconvolution output for the
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Figure 7: Euler Deconvolution output for the

magnetic depth determindtingeprofile E-E*
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Figure 8: Contour plot of the Residual anomaly map of the
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3D SURFACE DISTRIBUTION OF MAGNETIC RESIDUAL ANOMALY OF IRON-ORE DEPOSIT
IN OGBOMOSO AREA USING AIRBORNE DATA

Latitude

Longitude
Figure 10: A gridded contour map of the study area in Geographicatiowates

4.0 Conclusion:

The aeromagnetic data of some part of ogbomosohas beeseathalifh the aid of 2D Euledeconvolution method o
the basis of its structural indices of vall-3 which characterize the magnetic mineral sources)atact, thin sheet/dyk
cylinder and sphere respectively.

The distribution of magnetic minerals spread across dogrgphical ccrdinates of the area with depth to top of
magnetic source was found having both minimum and maximum waluesponding to the prrospect of tlea & the
geomagnetic mineral exploration.

The subsurface structures within the basement complex of oiso were mapped with the spread of minerals a
SW-NE zone of the entire area under investiga
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