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ABSTRACT

A geophysical ground magnetic survey was carried out in eastern part of llesa town located in the southwestern
part of Nigeria. Total field magnetic data was recorded using a proton precision geometric magnetometer along
fifteen traverses. This research focused on delineation of subsurface geological structures that are suitable for
mineral potential. The field data collected was qualitatively and quantitatively interpreted. The residual magnetic
values were in the range of about 80nT to -330nT. The magnetic source depth was estimated using Peters half slope
method which gave a maximum depth to basement of about 160m. The lateral extent of interpreted lithologies was
estimated using the analytical signal. The results generated were used to delineate geological structures and to
target areas with mineral potential.

Keywords: residual ground magnetic, source depth, geomagsetiton, mineral target, llesa east.

INTRODUCTION

The study area in located east of llesha town innC&tate, southwestern Nigeria. The topographyeiglg at an
elevation of approximately 1400m with some elevateck outcrops in the northeastern and northwespants.

This report has been necessitated by the need tngasight into the structural signatures ofdhea which is very
useful for the Ministry of Solid Minerals becaudetlee rich metallic and non-metallic Ores such addGTalc, Clay

etc in this part of the country [1, 2].

A total of fifteen Traverses were covered during tburvey work with high resolution of proton prézis
magnetometer in conjunction with Germin Global Rosing System (GPS). However, only the most sigaiit
areas covered by Traverses 11; 12, 14 and 15 evitbmsider in this write-up.

The aim of this study is to delineate subsurfacecstres that are useful for mineral exploratiorthia schist belt
zone. The findings in this report are intended dmpliment the previous reports published priortis time and

also contribute significantly to the developmentofid mineral resources in the area. It is alsoeeied that these
results will enhance the knowledge of other scagst@nd miners for further work in the area.

1.2 Geological Setting

The geology consists of Precambrian rocks thatygrieal for the basement Complex of Nigeria [16heTmain
rock types granite-gneiss, which occupies most giathe eastern part; amphibolite and schist ocanpgt of the
study area; muscovite schist, quartzite and qusattst form part of the stratigraphy [1, 2, 4, 6d 8].

The major rock associated with llesa area form pathe Proterozoic schist belts of Nigeria (Figtde which are
predominantly, developed in the western half of dwuntry. In terms of structural features, lithgtognd
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mineralization, the schist belts of Nigeria shownsiderable similarities to the Achaean Green StBeds.
However, the latter usually contain much largerportions of mafic and ultramafic bodies and asseqgds of
lower metamorphic grade [1, 7, 13, and 16].

Rocks in this area are structurally divided intomtmain segments by two major fracture zones oftdled the
Iwaraja faults in the eastern part and the Ifeviaudts in the western part [5, 6]. However; thigdst focuses on the
northern part of the former faults zone. The areatwef the fault comprises mostly amphibolites, hilnple schist,
meta-ultramafites, and meta-pelites. Extensive psiéim units with minor meta-pelite constitute thaseern
segment. These are found as quartzites and quarigt.sAll these assemblages are associated wigmatitic
gneisses and are cut by a variety of granitic tofi8, 16].

The rocks of the llesa district may be broadly gemxliinto gneiss-migmatite complex, mafic-ultramafidgte (or
amphibolite complex), meta-sedimentary assemblagdsintrusive suite of granitic rocks. A varietyrafnor rock
types are also related to these units. The gneigsiatite complex comprises migmatitic and granitialcereous
and granulitic rocks. The mafic-ultramafic suitecemposed mainly of amphibolites and amphibole sscand
minor meta-ultramafites, made up of anthophillientolite-chlorite and talc schist. The meta-seditaegn
assemblages, chiefly meta-pelites and psammitiis ané found as quartzites and quartz schist. ifithesive suite
consists essentially of Pan African (c.600 Ma.) ri&f@ units. The minor rocks include garnet-quartderite
bodies, biotite-garnet rock, syenitic bodies, aatkdtes [6, 7, 9, and 16].

MAGNETIC METHODS

Most rocks of the earth’s crust contain crystalthwnagnetic minerals; thus most rocks have a cegmiount of
magnetism which usually has two components; indigethe magnetic field present while taken measergnand
remanent which formed during geologic history [28]. The origin of the earth’s magnetism is commdrlieved
to be the liquid outer core, which cools at thesa@lé as a result of which the material becomeseatesnsd sinks
towards the inside of the outer core, and new wagmd matter rises to the outside; thus, convectarrents are
generated of liquid metallic matter which move tigb a weak cosmic magnetic field which subsequeaggherates
induction currents [11]. It is this induction cuntghat generate the earth’s magnetic field [21].

However, the ground magnetic study is used forildetapping in order to understand the subsurfacdoggy of an
area [10]. The technique requires measurementseoémplitude of magnetic components at discretatpailong
traverses distributed regularly throughout the syrarea of interest. In ground magnetic study,efaemponents
are measured which are Horizontal, Vertical andalf@omponents. The vertical components and thel tota
components are mostly used in the past studieslioedte faults, fractures, depth to magnetic bas¢mand other
geological structures [6, 10].

Susceptibility values are important for the quantitie interpretation of magnetic data and can bed ufor
differentiating rock types. The magnetic suscelitybof rocks is controlled by the amount of magoehinerals in
them, grain size and mode of distribution. Ferrinetix substances give rise to higher magnetizadioh hence
higher susceptibility [13].

MATERIALS AND METHODS

This study focused on the subsurface geologicattires based on the qualitative and quantitatiterpretations
of the ground magnetic data collected during tleddfiork that was carried out in the months of Apiild May
2004 [9]. The magnetic survey was designed in suedy that deep insight into the depth to magneticces in the
area was delineated. The data acquisition techniggeires measurements of the magnetic intensitietiscrete
points along traverses regularly distributed withie area of interest so as to cover enough segossd to
determine the structure and the structural histbhe study area.

The ground magnetic study of this area was undagdakhich involves the following methods:-

3.1 Data Acquisition

Total field magnetic readings were recorded usinyaon precession magnetometer. The survey #ireend
station locations were determined using Garmin @GRlel GPS map 60CSx units. Coordinates were redorde
using the WGS84 datum in the UTM zone 31N, [8].ohder to get the optimum information for prepanatiuf
magnetic anomaly maps a line separation of apprately 1000m a station spacing of 60m was chosea.total
length of the surveyed lines approximated 107 kime Tine orientation was approximately perpendictitathe
regional geological strike, [10].
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3.2 Data Processing

The earth’s geomagnetic field is not constant at ane point and time on the surface but undergoesal
variations mostly due to magnetic storms and diwasgations, [14]. In order to measure the effetspontaneous
ionospheric magnetic readings a separate magnetomas used as a base station.

3.3 Data Enhancement

The effect of the International Geo-reference Maignieield (IGRF) was assumed to be negligible om sarvey
grid which had dimensions that were roughly 3knbkygn. The diurnally corrected data was gridded aittell size
of 25m which is a quarter of the line separatiomgishe Geosoft software [12].

The gridded Total Magnetic Intensity (TMI) data waesented on scaled maps to aid interpretation gead
referencing of anomalies and infrastructure dataorider to improve the information content, shodves length
noise that was introduced into the data by obsewd recorded features such as fences, gates, pgmasr
telephone lines and cell phone towers was desgkddsoids were interpolated using the Geosoftvgo#, [12].

3.4 Data Interpretation

In order to prepare the data for interpretatiore Total Magnetic Intensity (TMI) was further enhadcusing
filtering techniques such as Reduced to Pole (RVBijtical Derivative (VD) and Band Pass (BP). Thalgative
approach to interpretation involves deducing usifiormation on structure and trends from the clesrig intensity
of contours on diurnally corrected magnetic mags [3

The Reduction to Pole (RDP) is a theoretical sotutivhich normalizes the effect of induced magnétneand the
strike on the shape of the magnetic anomaly whiésgrving dip and textural information. The RTPraaty over a
vertically dipping dyke, having no remanence maigagibn is always symmetrical is always a symmatric
magnetic high located directly over the dyke [1Dahd 20].

Quantitative interpretation methods are used times source depths and widths [3]. The Analyti€ajnal
(ANSIG) is symmetrical as the dip varies. The seyosition of a magnetic body can be mapped fronsKNdata
[10, 17]. The analytical signal shape can be usetttive the depth to the magnetic sources fronatizamaly width
at half the amplitude data. In order to estimatedhpth to the source of magnetic anomalies ANStiles were
taken across two anomaly zones. The basic assumiring field observations that include geology aragnetic
susceptibility values [10, 20].

The Vertical Derivative (VD) enhances shortwavegbtinanomalies. It suppresses the effect of deepedea
geological bodies, which are normally not prospectmineral exploration targets. The Band Passr f{&P)
enhances the effect of features confined to spetifvavelengths; this enables the identificationpogsible
anomalies [10, 20].
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Figure 1: Map of Nigeria showing the study area (aér Rahaman, 1976)
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Figure 2a Total Relative Magnetic Intensity along Traverse 11 (SE - NW) of the study area
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Figure 3a Geomagnetic Section along Traverse 11 (SE - NW) of the study area Area
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Figure 2b Total Relative Magnetic Intensity along Traverse 12 (NW - SE) of study area
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Figure Sb Geomagnetic Section along Traverse 12 (NW - SE) of the study area I:l Muscovite Schist
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Figure 2¢ Total Relative Magnetic Intensity along Traverse 14 (SE - NW) of the study area
RESULTS AND DISCUSSION

4.1 Magnetic Data Interpretation

There are several methods of presenting magneti; dat only two of these methods were adoptedhig gtudy.
These methods are as summarized below: -

(a) Data Presentation

(i) Profiles: - Although this is the oldest form of data presdatabut it has advantage of being able to showildeta
that cannot be shown in grid-based presentatidms.gfound magnetic profiles of the study area \gereerated and
drawn as shown in Figures 2 (a-d).

(i) Contour: - Contour maps were used in the presentation afndignetic data of this area (Figure 4). The method
was adopted because of its superior to images mhetho

(b) Data Interpretation
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A qualitative and quantitative interpretation oéthround magnetic map, magnetic profiles and magsettions,
which provides useful information on the estimatethe depth to the magnetic sources involves;

(iii) Separation of residual anomaly from the field anlgraaing linear trend analysis.

(iv) Production of geomagnetic sections shown in Fig8résd).
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Figure 3c Geomagnetic Section along Traverse 14 (SE - NW) of the study area
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Figure 2d Total Relative Magnetic Intensity along Traverse 15 (NW - SE) of the study area
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Figure 3d Geomagnetic Section along Traverse 15 (NW - SE) of the study area

4.2 Depth to Basement Calculations

The depth estimation of the basement in the areaidentification of the rock boundaries was carried using
Peter’'s half slope method for depth estimate [ITBf Table 1 shows the depth estimate from the gfonagnetic
data. The location of inflection points which isiadicative of rock contacts couple with the prexktedge of the

geology of the study area during the fieldwork, ldea the geomagnetic sections of the area to hendFégures 3
(a-d).
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TABLE 1: Depth Estimate of Total Component RelativeMagnetic Intensity

) Anomaly Number

Profile 1 > 3 7 5
1 - 74m | 118m - 74m
2 88m - 72m - 120m
3 46m - - 46m -
4 123m| 235m - 162m
5 41m 142m - - -
6 112m| 213m - - -
7 121m| 194m - - -
8 100m| 100m| 75m - -
9 165m| 150m - - 60m
10 52m 61m - - -
11 - 194m| 194m - -
12 57m 105m - - 80m
13 - 75m - - -
14 89m 52m - - 75m
15 153m| 38m - - -

4.3 Ground Magnetic Interpretations

4.3.1 TRAVERSE 11 (SE — NW)

The magnetic signature obtained for the total retatmagnetic intensity plot along this traversevésy similar to
those obtained in Horizontal and Vertical composecept for the depth of probing which differseTgiot was
characterized by complete varying mostly negatimpléudes from a minimum peak value of about —gafhmas
at a distance of about 240m from the initial statposition and a maximum positive peak value ofuat®0
gammas at a distance of about 420m (Figure 2a) reepzded.

Two rock units were delineated from the correspogdjeomagnetic section as shown in Figure 3a.

Muscovite schist: -Muscovite schist forms the first segment of thefifg. The unit starts from the first station and
extended to about 3000m along the profile with daptthe magnetic basement, which varies betweented0m
and about 120m.

Amphibolites schist: - The second rock unit delineated along the prafideers most part of the traverse starting
from about 3000m and spread to the end of thelpraith depth to the magnetic basement ranging fatwout 70m
to about 130m.

4.3.2 TRAVERSE 12 (E-W)

The magnetic signature obtained for the total retamagnetic intensity plot along this traversevésy similar to
those obtained in Horizontal and Vertical compogeamtcept that the magnetic intensity exhibit mosikgative
amplitudes with the exception of point 17 about @®2from the initial station position. The depthpybbing for
this method differs from the other two methods. Tteverse was characterized by complete varyingatnes
amplitudes from a very low minimum negative peakugeof about —260 gammas at distances of abod®ré0
6600m and 9000m respectively from the initial statposition and a maximum positive peak value afual?0
gammas at a distance of about 1020m (Figure 2by ve=orded.

Three rock units were delineated from the corredpangeomagnetic section as shown in Figure 3b.

Quartz schist and Quartzite: - The first and third segments were delineated agzjsahist starting from the initial
point at ljebu-jesa town covering about 2km for fiist part and from about 5km to about 8.5km foe second
segment. The depth to the magnetic basement Jagiggeen about 50m and about 110m at the first andnsl
segments respectively.

Amphibolites Schist: - Amphibolites schist that spread across a totéhdce of about 5km underlay the second and
the last segments of this profile. The depth tontlagnetic basement within this rock unit variesuaein about 20m
and about 120mJndifferentiated Schist: - This rock type was delineated at about 8.2km fthenstarting point
and ends at about 9.4km towards the end of thélgardhe depth to the magnetic basement for thik mit varies
within about 80m to about 100m.

4.3.3 TRAVERSE 14 (SE — NW)
The magnetic signature obtained for the total netatagnetic intensity plot along this traversevésy similar to
those obtained in Horizontal and Vertical compogeamtcept that the magnetic intensity exhibit mosikgative
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amplitudes with the exception of point 7 about 420m from the initial station position. The depth of probing for this
method differs from the other two methods.

The profile was characterized by complete varying negative amplitudes from a very low minimum peak value of
about -149 gammas at a distance of about 300m from the initial station position and a maximum positive peak
value of about 50 gammas at a distance of about 420m (Figure 2c) were recorded.

Three rock units were delineated from the corresponding geomagnetic section as shown in Figure 3c.

Quartz schist and Quartzite: -This rock unit was delineated at about 420m to about 800m from the initial station
position. The depth to the magnetic basement varies between about 70m and about 90m.

Amphibolites Schist: - Amphibolites schist was delineated at a distance of about 800m towards the end of this
profile. The depth to basement within this rock unit varies from about 40m to about 60m.

Undifferentiated Schist: - This rock type was delineated at the starting point covering a distance of about 420m
from the starting point. The depth to the magnetic basement within this rock unit is fairly constant at about 70m.

4.3.4 TRAVERSE 15 (NW - SE)

The magnetic signature obtained for the total relative magnetic intensity plot along this traverse is very similar to
those obtained in Horizontal and Vertical components except that the magnetic intensity exhibit mostly negative
amplitudes. The depth of probing for this method differs from the other two methods.

The profile was characterized by complete varying negative amplitudes from a very low peak value of about -210
gammas at a distance of about 1500m from the initial station position and a maximum negative peak value of about -
45 gammas at a distance of about 420m (Figure 2d) were recorded.

Two rock units were delineated from the corresponding geomagnetic section as shown in Figure 3d.

Quartz schist and Quartzite: -This rock unit was delineated at the first and the last segments about 540m with the
base extending to about 600m. The last segment starts from about 1720m from the initial station position and extend
towards the end of the profile. The depth to the magnetic basement is fairly constant at about 40m at the first
segment and about 60m last segments.

Amphibolites Schist: - The amphibolites complex was delineated at the central part of the traverse starting from
about 600m and extended to about 1900m from the starting point. The depth to the magnetic basement within this
segment is fairly constant at about 30m.

Residual Ground Magnetic Map of llesa eastern part

The residual ground magnetic map of the study area using Total relative magnetic components was produced. It
gives moderately low magnetic values which vary from about -250nT to about 60nT as shown in Figure 4. Two
regions of (Positive and Negative) magnetic anomaly with highest value of about 60nT was recorded in the
southeastern part of the area and negative anomaly region with the lowest value of about -250nT was recorded at
around the western and eastern parts of the area. The map further reveals the major and minor rock contacts in the
area separated with different colours. The highest magnetic value of about 60nT recorded in the southeastern part
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further confirms the earlier submissions by Kayo2@06. This is an indicative of shallow subsurfasmlogic
structures. The northeastern part through the maatea towards the southern part of the area stgpit® previous
reports on the existence of major geological sufasarstructures in this part of the schist belt.

ILESHA RESEARCH PROJECT I
Rosidunl Hl;Fna-tlc Diavim d
diiniy

Figure 4: Residual magnetic map of the study areasing Total Relative Magnetic Intensity.
CONCLUSION

Based on qualitative and quantitative analysihefrhagnetic data, lineaments and target zonesinterpreted as
shown in Figure 4.

The ground magnetic study of this area has helpadany ways to delineate the geologic structurestware of

great benefits for the solid minerals sector ofe¥iig economic. The geomagnetic sections (Figurex 8)e study
area helped in delineation of the different rocktests and geological boundaries that are veryuugefmapping

the basement structures of the area and this Hpstdeeveal the solid mineral potential of theistlbelt. The

major subsurface structures delineated i.e. the Mngtites, Quartz and Quartz Schist etc this widl #tne mineral

exploration work in the area. The linear naturéhef anomalies in this part of the schist belt satg#hat the rocks
may be bounded and offset by faults. The resulthdu support the delineation of faults in thistpafrthe schist
belt. Therefore, this study needs to be aided tsidechnology so that ground magnetic study cpralyy reveal

lithologic units in basement structures to meetdémands of searching for mineral deposits in tha.a
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