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ABSTRACT

A detailed interpretation of the aeromagnetic data has been carried out over parts of Upper Benue Trough and
Southern Chad Basin, Nigeria. The magnetic properties of rock were used to determine the depth to magnetic
basement, model prominent magnetic anomaly, determine the basement topography and also determine various
temperatures at depth in the study area. Two depth source models were interpreted using Discrete Fourier
Transform method. Depth to the deeper magnetic sources ranges from 1.5 to 2.5 km, representing the sedimentary
cover in the study area. The depth to the shallower magnetic source model which ranges from 0.5-1.4 km, represents
intrusive bodies within the area. Based on the sedimentary thickness of 1.5 - 2.5 km and the temperature at depth of
81-115°C, the possihility of hydrocarbon generation towards the northeastern part of the study area is feasible.
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INTRODUCTION

Aeromagnetic survey is one of the most importantstaised in modern geological mapping. It is adamid cost
effective technique for locating both hidden oresl atructures associated with mineral deposits.gRlyuabout
60% of magnetic surveys are carried out for redigemalogical mapping and mineral exploration pugsosvhile
the remainder being mainly for petroleum explomatid]. However, the present study is concerned \tlith
interpretation of the aeromagnetic data over pafrthe Upper Benue Trough and Southern Chad Bageria.
The total area studied spans a territory of 12186 lextending from Latitude £80'N to 1°30'N and Longitude
12°00'E to 13 00'E. The study area houses sedimentary rock seqummmprising sandstones, clay, siltstones,
limestones and shales. Hence, the petroleum pakendi the study area is a matter of great inteaest the
determination of sediment thickness above the bestmnd the delineation of major geological strregy are
essential steps towards the assessment of théequetrpotential of this area. The objectives of tieisearch include:
determination of the variation in sedimentary thieks of the area using Fourier Transform methodhaikling of
prominent magnetic anomalies in the area. The studier attempts the delineation of the basemembdraphy
and structural features such as faults and possilber the hydrocarbon potential zone within thedst area.

GEOLOGICAL SETTING

The study area falls within two of the Nigeria imthbasins namely; Benue Trough and Chad Basin1(Fighe
Benue Trough is the most interesting sedimentasjnisechiefly because of the folding movements #ifgtcted the
marine and continental sediments within it. Simiflathe Chad Basin is an elongate depressionekignds well
beyond Lake Chad. Certainly, Benue Trough is widhelg to have originated as a tectonic trough wioggn was
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closely linked with the separation of African anduth American Continents during the Mesozoic [2, S}veral
geological studies have been carried out by vaneorkers [4, 5, 6, 7, 8, 9, etc.) in the study aaad its environs.
Thus, the earliest documented sedimentary depositel area was in the Paleocene — Albian periochvilagio —
classic sediments of Bima Formation were laid uf@monably on the basement in the fitted wrench tfaasin.
Consequently, this transgression episode causedigpesition of Yolde, Dukul, Jessu, Sekule and Numa
sedimentary formations, which are found in the UpBenue Trough. In addition, the Southern Chad Basi
poorly exposed in Nigeria and merges with the Ugpenue Trough. A sub-surface basement high, thebd&m
Ridge separates the Southern Chad Basin from tipeftenue Trough. Three major sediment packaghe Bitha
Formation, Gongila-Fika Shale and the Chad Formatiave been identified in the Nigerian sector &f Itklasin [9,
10].The Gongila Formation at the base and the Bikale at the top constitutes the marine and tiansitdeposits
which extend from the Upper Benue into the Southehad Basin. Both Gongila and Fika Formations tiick
towards the northeast, away from the ridge. ThadJrormation which is of Tertiary Formation is vénjck. This
is an area that was subjected to prolonged cortihamd lake sedimentation as a result of the daavpvef the
Chad Basin.
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Fig. 1: Geologic map of Nigeria showing the study area[ll]

DATA AND METHODOLOGY

Four aeromagnetic maps (Sheets 111, 112, 133 afidwli&e acquired, assembled and interpreted. Timeges
were obtained as part of the nationwide aeromagsetivey sponsored by Geological survey of Nigertee data
were acquired along a series of NW — SE flightdiméth a spacing of 2 km and an average flightaien of about
150 m while tie lines occur at about 20 km interddle geomagnetic gradient was removed from the dsihg the
International Geomagnetic Reference Field (IGRRe @ata were made available in the form of contbunaps on
a scale of 1:100,000.

The procedures involved in this study include dligiion of the aeromagnetic maps, separation ofneidg data,
production of magnetic anomaly map and analysisnafjnetic anomaly data amongst others. The four maps
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obtained were digitized at 1 km interval so as itk pnore details. Moreso, the contour digitizedadathich is
referred to as the total magnetic field intensityhe study area contains both the regional andwasanomaly.

A linear trend surface was fitted on to the digiizaesromagnetic data by a multiple regression tqubrfor the
purpose of removing the regional magnetic gradi€he linear surface so fitted was removed from digitized

data to obtain the residual anomaly data that woeldnterpreted. The surface linear equation ondtita can be
given by:

P(x,y) =a+bx-cy (1)
Where,

a, b and c are constants; x and y are distancesi y — directions (axes); P(x, y) is the magnedilue at x and y
co-ordinates.

The Least Squares method of statistical analyssswgad to obtain the constants (a, b and c¢) anttehd surface
equation (regional gradient) then becomes:

P(x, y) = 7989.73 — 0.4573x —QlL8y )

Furthermore, the trend surface equation was thbtrastied from the aeromagnetic (observed) datalandesultant
residual anomaly was obtained.

The resultant residual anomaly was contoured arel grofiles were selected for the actual interpitaof the
geophysical anomalies in the study area (Fig. 2).
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Fig.2: Digitized residual anomaly profiles of the study area (Contour Interval 030nT)
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The anomalies in these profiles were then subjectétespectral analysis. The application of spectral ysislin
the interpretation of aeromagnetic data has besrugsed extensive[12, 13, 14, 15, 16, 1. The Discrete Fourier
Transform method wassed in this study because it is capable of filgill the noises away from the data
than any other published methods. The method caedresented mathematically as shown be

n-1 . n-1 .
( nxr,) ( nxr,)
212 — |+ 2T ——
Y(x) = YaCos L ThySin L 3)
n=o n=o
where:
Y(x) = Reading at Xi positic
L = |length of the cro«-section of the anomaly
n = harwnic number of the partial wa
N = number of data poi
a = real path Parti Main Amplitude
b, = imaginary path of the amplitude spectrui

Graphs of thedgarithm of the amplitude (,) against frequency (n) were plotted and the liregments from th
low frequency portion of the spectra were drawmfrthe graphs. The gradient of the linear segmeet® walsc
evaluated and the depths to the basement calculated using the equation of Spector and G(48%0)

Z =ML/2zn 4)
where,
Z = depth to basemen] = gradient of the linear segme
L = length of the cross section of the anor

RESULTSAND DISCUSSION

Graphs of the logarithms of the amplitude againstjdencies for the selected profiles are shownign & The
gradients of these graphs were used in estimatiagdepth to magnetic sources. The depth to magseticce:
ranges from 0.5 to 2.5 km. Geological model sestigenerated for all the profiles are shown in BigVlore so, tht
depths computed were useddonstruct the map showing the basement topograpthe study area (Fig. 5). Tl
map shows a gradual increase in the sedimentaryniiés towards the nor
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Fig. 3: Amplitude spectral along some profiles
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Fig. 4: Geological model section for some anomaly
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Fig. 5: Map showing the basement topography of the study area

Structural Patternsin the Study Area

The closely spaced linear sub-parallel orientatddrcontours from the southern parts of the map tdwahe
northwestern parts suggests the possibility oft§aot local fractured zones passing through thesasa(Fig.6(a)).
There would always be a magnetic susceptibilitytiast across a fracture zone due to oxidation ajmatite to
hematite, and/or infilling of fracture planes bykd-like bodies whose magnetic susceptibilitiesdifferent from
those of their host rocks [18]. Such geologicaltdess may appear as thin elliptical closures ofingszson an
aeromagnetic map (Fig. 6(a)). These features reptregeologic lineaments. Also, four major faulttpats were
identified within the study area (Fig. 6(b)). Batie prominent lineament and faults are trendingEiSW direction
which conforms to the structural trend of the baginakwubeet al., 2011).
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Fig.6: Structural styles of the study area: (a) Magnetic lineament (b) Fault pattern

Temperature at Depth
In order to compute the various temperature pthdeithin the study area, it was assumed that tismperatur:
changes within the earth are linear and of the {14]:

Th=mh+ Ty (5)

Where,
T, = temperature ifiC at dept
m = geothermal gradient
h = depth of interest
= surface temperature

The mean surface tempgure was assumed to be’C while the average geothermal gradient in theysauda wa

given as 3.2C/100m [8] From the values of the sedimentary thicknesstairat, which vary from 1.5 to 2.5 ki

the temperatures at depth for each anomaly block estimated by solving for the unknowy, (temperature at
depth). The values obtained range between 815°C with an average of 10£C.

Hydr ocar bon Potential
Generally, basement depths have been determined file selected profiles within the study area througgciate
Fourier Transform of aeromagnetic data. The reslitained indicate two depth sources; the deepgcss rang
from 1.5 km to 2.5 km representing the sedimentamer within the study area we the shallower sources, whi
range from 0.5 km to 1.4 km, represent the inteisiodies within the study area. The sedimentargicaxounc
Goniri, Chibuk and Biu areas are generally low #retefore may not support hydrocarbon generatidimofigh,
any prospective sedimemtust have a good quality source rock, good researa seal lithologies, favourat
regional pathways and trapping mechanisms. TheadfikiaGongila Shales are the main source rocks au &asin
while the reservoirs may be proed by sandstone facies in the same formationsratittiBima Sandstor[9].
Thus, around Damboa part which is within the ChadiB, the sedimentary thickness is moder-high. In line
with this, for any area to be viable for hydrocartformation, the thickness of sediment must beoup.3 km a
well as other conditions necesy for hydrocarbon formatior[19]. Based on the computed sedimentary thickne
(1.5 -2.5 km) and temperature at depth-115°C), the possibility of hydrocarbon generation ie tiortheaster

1764
Pelagia Research Library



L.O. Onubaet al Adv. Appl. Sci. Res,, 2012, 3(3): 1757-1766

part of the study area is feasible (Fig. 7).
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Fig.7: Isolated zone of possible hydrocarbon potential in the study area
CONCLUSION

Discrete Fourier Transform analysis has been applbea set of aeromagnetic data over parts of UResue
Trough and Southern Chad Basin, Nigeria. The reshlibw thatwo depth sources were obtained in the study area;
the deeper sources range from 1.5 - 2.5 km whaesthallower sources range from 0.5 - 1.4 km. dapths to
magnetic basement are increasing in the northeasiiezction and they range from 0.5 to 2.5 km. Fmajor
regional faults trending in NE-SW direction werdideated. These faults conform to the trend ofBeaue Trough
and possibly suggest that the two basins are oflasirorigin. However, based on the computed sedtargn
thickness (0.5-2.5km) and temperature at depthl1(&€), the possibility of hydrocarbon generation ire th
northeastern part of the study area is feasible.
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