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Magnetic Basement Depth Re-evaluation over
the Yola Arm of the Upper Benue Trough, Nigeria

from 3-D Euler Deconvolution and Spectral
iInversion of HRAM data.

Abstract:The High Resolution Aeromagnetic (HRAM) data have been used to re-evaluate the basement depth in parts of
the Upper Benue Trough, Nigeria using 3-D Euler deconvolution and spectral inversion methods. The strong regional
magnetic field was separated from the residual magnetic field with a first order polynomial using Polifit program. Several
clusters of circular magnetic anomaly closures with different amplitudes which occur especially in the southeastern and
central parts of the area were interpreted to be lithological variations of mafic—ultramafic inclusions within granodioritic
batholiths. Lineament interpretation of the aeromagnetic data revealed several linear and structural features with dominant
trends in the N-S and NE-SW directions. For the purpose of depth estimation, the residual magnetic data was subdivided
into twenty four (24) overlapping spectral blocks using the Power spectrum module in Oasis Montaj 7.2HJ software
program. Two prominent magnetic depth source layers (magnetic basement depth) were identified with the deeper sources
ranging from 1.56km to 2.92km with a mean depth of 2.37km, while for the shallower sources, the basement depth values
ranges from -1.17km to 0.98km with an average depth of 0.55km.Results of the 3-D Standard Euler deconvolution revealed
the presence of several geologic bodies which includes contacts, sills/dikes, pipes/cylinders and spheres. These geo-
bodies are located at a depth range of 500m to 2000m(2km) within the study area. The shallow depth sources are
attributed to intrusive bodies resulting from basement uplift. From the economic point of view, the basement depth in the
Upper Benue Trough proper and the series of tectonic events associated with the basin do not favour the accumulation and
entrapment of hydrocarbons. However, mineral ores are believed to be prevalent in the study area because of the several

shallow magnetic bodies that intruded into the sediments.

Keywords: Magnetic basement depth, Spectral analysis, 3-D Standard Euler deconvolution, Magnetic structural Index, Lineaments,

Intrusives, Upper Benue Trough

1 INTRODUCTION

everal studies have been carried out on the sedimentolo-

gy, structural geology, petroleum geology, petrology and
hydrogeology of the Benue Trough. Notable among these
studies include[1-6].Nwachukwu [7] using geochemical tech-
niques revealed that the BenueTrough have high prospects for
hydrocarbon prospectivity.Mapping of magnetic basement
depth beneath sedimentary cover is one of the key functions of
aeromagnetic survey and its interpretations. The Benue trough
is part of the long stretched arm of the Central African rift sys-
tem originating from the early Cretaceous rifting of the Cen-
tral/West African basement uplift [8]. The trough has been
categorized into three different zones which includes the
Lower Benue Trough at the southern part, the Middle Benue
Trough at the center while the Upper Benue Trough is at the
Northern part.

Emberga, TheophilusTerhembais a Senior Lecturer at the Department of
Physics, Federal Polytechnic NekedeOwerri Nigeria; Phone:+234-
8037513494.E-mail: terhemba4sure@yahoo.com

Opara, Alexander.1. is a Senior Lecturer at the Department of Geology, Fed-
eral University of Technology, Owerri Nigeria

Eluwa, Ndidiamaka.Nis currently a Lecturer at the Department of Geolo-
gy/Geophysics, Federal University Ndufu-Alike Ikwo, Abakaliki Nigeria
Njoku, Ikechukwu.O., is a Lecturer at the Department of Geology, Federal
University of Technology, Owerri Nigeria.

Udoka, Ubong.P is currently pursing a PhD in Geology at the Department of
Geology, Federal University of Technology, Owerri Nigeria

Inyang, Godwin.E., P is currently pursing a PhD in Geophysics at the De-
partment of Geology, Federal University of Technology, Owerri Nigeria
Nosiri, Obioma.P.,is currently pursing a PhD in Geophysics at the Depart-
ment of Geology, Federal University of Technology, Owerri Nigeria

Depth to basement, faults in the basement surface, and the
relief of the basement surface have direct relevance to the
depositional and structural history of an area [9].The trend of
basement faults and structure is frequently the main determi-
nant of the primary fractures that develop to accommodate
basin extension. In many sedimentary basins, magnetic anom-
alies arise from secondary mineralization along fault planes,
which are often revealed on aeromagnetic maps as surface
linear features. Most mineral deposits are therefore related to
some type of deformation of the lithosphere, and most theo-
ries of ore formation and concentration embody tectonic or
deformational concepts [10]. Aeromagnetic data therefore can
be employed in mapping of fracture and fault system of the
basement rock which possibly controls the mineralization of
any area. Basement structures and depth can be delineated
and mapped using magnetic data. Definition of the various
basin and sub-basin geometries of an area is very important
for mapping the regional hydrocarbon and mineral fetch areas
[9].Systematic offset of magnetic anomalies may indicate
strike-slip faults; which have displaced basement rocks and
possibly affected the sediment section. A magnetic basement
interpretation can, to a certain extent, lead to a better under-
standing of the structures of the overlying sedimentary rocks.
Some mineral deposits are associated with an increase in the
abundance of magnetic minerals, and occasionally the sought
after commodity may itself be magnetic (e.g. iron ore depos-
its), but often the elucidation of the subsurface structure of the
upper crust is the most valuable contribution of aeromagnetic
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data. Magnetic surveys are effective in determining geometry
of sedimentary basins and in defining major masses of extru-
sive and intrusive igneous rocks[9].1t is possible for example
to use the geometry of an intrusive mass inferred from mag-
netic data to infer the spatial stress patterns produced by the
forceful intrusion of the mass.The relationship between intru-
sive masses is oftenapparent from regional magnetic sur-
veys[9].

A sedimentary basin is any depression that has accumulated
sediments from basement rocks. If it contains numerous mag-
netic rock units such as igneous intrusions or extrusive, mag-
netic sediments or magnetic metamorphic units, these can
provide information on the morphology of the sedimentary
basin and its structure. However, if the magnetic units occur at
the basement surface, then the depth determinations for these
will map the basin floor morphology. This approach has been
used for several decades to locate sedimentary basins with
significant thicknesses of sediment [9]. In general, igneous
rocks have higher content of magnetic minerals especially
magnetite than sedimentary rocks and can be identified and
mapped in the sedimentary basin from the magnetic data. Ig-
neous features such as intrusive plugs, dykes, sills, lava flows
and volcanic centres can occur at any stage of a basin’s evolu-
tion and therefore be preserved at any level in the sedimentary
section. Such features are significant in understanding the his-
tory of a basin and assessing its petroleum or mineral prospec-
tive. The thermal effects of igneous intrusion can cause matu-
ration of hydrocarbon source material without associated
changes in vitrinitic reflectance[11]and thus it is important to
be aware of the existence of igneous units that may cause
such effects. Kimberlites and lamproites, diatreme may pene-
trate sedimentary section and magnetic expressions of many
of these can be recognized as small sub-circular anomalies
with amplitudes of the order of a few nano-teslas. Such intru-
sions which are normally only few hundred metres across, can
often be distinguished from classical volcanic vent by their
sizes and isolation however, not all such features have mag-
netic responses[9].

Several of the previous studies carried out in the study area
were done using the old aeromagnetic data acquired by the
Nigeria Geological Survey Agency(NGSA) in 1976.This study
therefore  aims at  re-appraising the  basement
depth(sedimentary thickness) of the study area using spectral
inversion and 3-D Euler deconvolution. This will have a seri-
ous implication on the hydrocarbon and mineral potentials of
the study area.

2.0 LOCATION, PHYSIOGRAPHY AND GEOLOGY

The Benue Trough originated from Early Cretaceous rifting of
the central West African basement uplift. It forms a regional
structure which is exposed from the northern frame of the Ni-
ger delta and runs north-eastwards for about 1000 km to un-
derneath Lake Chad, where it terminates. Regionally, the Be-
nue Trough is part of an Early Cretaceous rift complex known
as the West and Central African Rift System. Figure 1 is the
digital elevation map of the study area showing the elevation
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while figure 2 is the geology map of the study area. The
Basement Complex upon which the Benue Trough is ly-
ing consists of migmatite- gneiss complex, which has been
extensively intruded by the granitic and charnokitic rocks of
Pan-African age[12]. The migmatite-gneiss complex is com-
posed predominantly of migmatite and banded gneisses. Rel-
ics of meta-sedimentary and meta-volcanic rocks are widely
distributed in the migmatite-gneiss complex and they form
part of the succession[13].The Biotite granite forms the inlier of
the Gombe Hill and a portion of it was seen in the southern
part of the study area. The basaltic plugs were also seen scat-
tered around quite a few part of the study area while in the
southern part they intruded the older sedimentary rock (Bima
Sandstone Formation) of the area.The Upper Benue Trough
includes an E-W trending Yola arm and a N-S trending Gon-
gola arm or Gongola Basin. These two branches are separated
by an area structurally dominated by four major NE-SW
trending sinistral strike-slip faults. A series of N-S to NNE-
SSW trending faults controls the trend of the Gongola Basin
[15] while deep-seated E-W trending fractures appear to char-
acterize the YolaArm[16-18].

The study area is located within the Upper Benue Trough. The
Benue Trough generally is defined as an intercontinental Cre-
taceous basin about 1000km in length stretching in a NE-SW
direction and resting unconformably upon the Pre- Cambrian
Basement. In the Yola arm, the oldest sediments belong to the
Bima sandstone and Yolde Formation which outcrop in major
parts of the study area. Ezeaku Shale Group and Yola For-
mation are also present in the various parts of study area. The
Bima Sandstone and Yolde Formation are variable sequence of
sandstones and shale which mark the transition from Conti-
nental to Marine sedimentation. The Upper part of the for-
mation (Bima sandstone and Yolde Formation) contain blue-
black shales [19]. From the map of the study area (Fig. 2), it is
observed that on the southern part of the area, the basement
complex outcrops on the surface. The basement rocks are
mainly quartz, feldspathic rocks, biotite, hornblende, gneisses,
quartzites, marbles and calc-silicate rocks.
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Fig. 1.Digital Elevation Model (DEM) of part of the Yola Arm
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Fig. 2.Geological Map of part of the Yola Arm

3.0 MATERIALS AND METHODS

The data used for the present study are part of the High
Resolution Aeromagnetic Map flown by the Nigerian Geologi-
cal Survey Agency (NGSA) and completed in 2011. Flight line
direction was NNW-SSE at station spacing of 2km with flight
line spacing of 500m at an altitude of about 150m. However,
the flight and tie line direction are 150°/330° 60° /240" respec-
tively. Regional correction of the magnetic data was based on
the IGRF (epoch datel of January, 1974). For this study, aero-
magnetic sheets of Numan (sheet 196), Dong (sheet 195), Jada
(sheet 217), Kiri (sheet 237),Monkin (sheet 216) and Toungo
(sheet 236) ,each on a scale of 1:100,000 were used. Digital fil-
tering using non linear filters (NLF) was used to separate sig-
nals of different wavelengths and to isolate and enhance
anomalous features of interest within a certain wavelength
band. Digital image enhancement for the purpose of highlight-
ing linear features or edges - faults, fractures and joints and
other geological boundaries were carried out on the data. The
very strong regional gradients were removed from the residu-
al magnetic fields using the regional-residual separation tech-
nique. This was done using the Profit Software by fitting to the
total field data a polynomial of degree one leading to the gen-
eration of first degree residual field intensity data.

Furthermore, the application of spectral analysis to the
evaluation of the depth of aeromagnetic anomalies is now suf-
ficiently documented and well established [20-24].The power
spectrum of potential field data computes the thickness of sed-
imentary basins and that of the crustal mohodepth[22]. The
spectral depth method is based on the principle that a magnet-
ic field measured at the surface can therefore be considered
the integral of magnetic signatures from all depths. The power
spectrum of the surface field can be used to identify average
depths of source ensembles [22]. This same technique can be

used to attempt identification of the characteristic depth of the
magnetic basement, on a moving data window basis, merely
by selecting the steepest and therefore deepest straight-line
segment of the power spectrum. A depth solution is calculated
for the power spectrum derived from each grid sub-set, and is
located at the centre of the window. Overlapping the windows
creates a regular, comprehensive set of depth esti-
mates[5,20,22,25-26]. Given a residual magnetic anomaly map
of dimension LxL digitized at equal intervals, the residual
total intensity anomaly values can be expressed in terms of
double Fourier series expansion given in equation 1 below:

T (v,y) = S i BaCos () (x + my)
Qmsin (CF )(nx - my)}

Where L is the dimension of the block, Pnm and Qnm are
Fourier amplitudes and N, M are the number of grid points
along the x and y directions respectively.

Depth results are generated for the entire dataset using dif-
ferent wave number ranges and window sizes. A potential
field grid may be considered to represent a series of compo-
nents of different wavelength and direction. The logarithm of
the power of the signal at each wavelength can be plotted
against wavelength, regardless of direction, to produce a pow-
er spectrum. The power spectrum is often observed to be bro-
ken up into a series of straight line segments. Each line seg-
ment represents the cumulative response of a discrete ensem-
ble of sources at a given depth. The method allows an estimate
of depth of magnetized blocks of varying depth, width, thick-
ness and magnetization. Most approaches used involve Fouri-
er transformation of the digitized aeromagnetic data to com-
pute the energy (or amplitude) spectrum. This is plotted on
the logarithmic scale against frequency. The plot shows the
straight line segments which decrease in slope with increasing
frequency. The slopes of the segments yield estimates of
depths to magnetic sources.

Similarly, the objectives of the 3-D Euler deconvolution
process is to produce a map showing the locations and the
corresponding depth estimates of geologic sources of magnetic
or gravimetric anomalies in a two-dimensional grid (Reid,
1990).The Standard 3-D Euler method is based on Euler's ho-
mogeneity equation, which relates the potential field (magnet-
ic or gravity) and its gradient components to the location of
the sources, by the degree of homogeneity (N), which can be
interpreted as a structural index[27]. The method makes use of
a structural index in addition to producing depth estimates. In
combination, the structural index and the depth estimates
have the potential to identify and calculate depth estimates for
a variety of geologic structures such as faults, magnetic con-
tacts, dykes, sills, etc. Thompson [27] showed that for any ho-
mogenous, three-dimensional function f(x, y. z) of degree n, it
can be shown that, the Euler's homogeneity relation can be
satisfied:

nf=x 0f/0x+y 0f/ 0y +z 0f/ 0z ... e v cev v v e e (2)
Considering potential field data, Euler's equation can be
written as:
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NB-T)=(x—-x0) 0T/0x+ (y—y0) 0T/ dy+ (z
—z0)0T

where B is the regional value of the total magnetic field and
(x0, y0 & z0) the position of the magnetic source, which pro-
duces the total magnetic field (T) measured at (x, y&
z).Thompson[27] showed that simple magnetic and gravimet-
ric models are consistent with Euler's homogeneity equation.
Thus Euler Deconvolution provides an excellent tool for
providing good depth estimations and locations of various
sources in a given area, assuming that appropriate parameter
selections are made.

4.0. PRESENTATIONOF RESULTS, INTERPRETATIONAND
DISCUSSION

The total magnetic field intensity (TMI) of the study area is
shown as a contour map and a 3-D surface map in figure 3&4
respectively. Several magnetic closures (mainly magnetic
highs) with magnetic intensity values varying from 7900 -
8300gammas were observed in the study area. These magnetic
closures which are circular in shape and mostly with strikes in
the NE-SW direction formed several clusters and represented
the linear and structural trends of the study area. These clus-
ters of circular magnetic anomaly closures with different am-
plitudes which occur especially in the southeastern and central
parts of the area are interpreted to be lithological variations of
mafic/ultramafic inclusions within grano-dioritic batholiths
[28]. Similarly, the strong regional magnetic fields were sepa-
rated from the weaker residual magnetic fields of the study
area by fitting a polynomial of low degree to the TMI data.
This was done using the Polifit program. Figure 5&6 shows
the first degree regional and residual magnetic fields of the
study area respectively. The regional magnetic field values
varies from about 7818-7868gammas and showed a NW-SE
regional trend while the residual magnetic field intensity val-
ues varies from very low values of -134.6 to 137.7gammas.

For the purpose of the spectral inversion, the residual data
was divided into sixteen (16) spectral blocks allowing spectral
probe of 12.5km by 12.5km area for 15minute by 15minute
windowing. For the purpose of easier handling of the large
data involved, the four residual blocks of the study area was
sub-divided into 24 spectral cells of 12.5km by 12.5km in order
to accommodate longer wavelengths so that depth up to about
12km could be investigated. Each signal was then widowed 15
minutes by 15 minutes. The power spectrum module in Oasis
Montaj 7.2H]J version software that employs the fast Fourier
transform technique was used to transform the residual mag-
netic data into the radial energy spectrum for each block. The
average radial power spectrum was calculated and displayed
in a semi-log figure of amplitude versus frequency. Spector
and Grant[22] have shown that the log-power spectrum of the
source have a linear gradient whose magnitude is dependent
upon the depth of the source.
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Fig. 3.Total magnetic field intensity map of the studyarea
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Fig. 4. 3-D map of the total magnetic intensity of the study area
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Figure 6. First degree residual magnetic field of the study area

Figure 7d. Power spectrum plots of Log power (E) against Frequen-
cy (rad/sec) over Toungo Sheet

Figure 7a. Power spectrum plots of Dong Sheet and environs
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Figure 7e. Power spectrum plots of Log power (E) against Frequency
(rad/sec) over Monkin Sheet

Figure 7f. Power spectrum plots of Log power (E) against Frequen-
cy (Rad/sec) over Kiri Sheet

Graphs of logarithm of the spectral energy against the fre-
quencies for the 24 spectral cells were plotted as shown on
figures 7a-7f below. For each cells two linear segments could
be identified which implies that there are two magnetic source
layers in the study area. Each linear segment group points are
due to anomalies caused by bodies occurring within a particu-
lar depth range. The line segment in the higher frequency
range is from the shallow sources and the lower harmonics are
indicative of sources from deep - seated bodies. Spectral anal-
ysis of the aeromagnetic data of the study area revealed two
main magnetic anomaly source depths as shown in table 1and.
The deep magnetic source varies varies from 1.575km to
2.92km with an average depth of 2.37km and thus represents
the magnetic basement surface. The basement depth contour
map of the study area is shown in figure 8 below. The shallow
magnetic sources which vary from -1.17km to 0.98km with an
average depth of 0.55km may be regarded as the magnetic
intrusions into the sediment, probably as the result of mag-
matic activities. Active magmatism have been reported in the

Benue Trough with [29] confirming the close association be-
tween magmatism, mineralization and fractures in the area.
The estimated sedimentary thickness of the study area is
therefore not sufficient for hydrocarbon accumulation. The
Middle Benue trough with an estimated sediment thickness of
2-4km was considered to be the most prospective area of the
Benue Trough for hydrocarbon exploration within the trough
by [30]. Ofoegbu [1-3] maintained that the area possesses a
fairly good petroleum system capable of hydrocarbon accu-
mulation. One dimensional spectral estimates done in the area
by Ahmed[4] using the old magnetic data revealed a magnetic
basement depth range of 1.513km and 4.936km.Osazuwa et
al[31] estimated the thickness of sediments in the Upper Benue
Trough to vary between 0.9km and 4.6km. Similarly, results of
the 2-D spectral analysis of the adjacent Lower Benue trough
by [32] equally revealed an average basement depth of
3.574km.
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Figure 8. Basement contour map of the study area in kilometers

Figure 9 is the contour map of 3-D Standard Euler deconvolu-
tion of the study area. For a better comparison of the obtained
solution, only solutions in the depth range between Om to 2000
m were kept, which entailed an elimination of a few spurious
solutions. 3-D Euler deconvolution of the aeromagnetic data of
the study area using different scenarios based on structural
indices (structural index 0 for contacts, structural index 1 for
sills and dikes, structural index 2 for horizontal cylinders and
pipes, and structural index 3 for spheres), revealed standard
euler solutions. The structural interpretation of the study area
is therefore very complex with variable geologic features, typ-
ically dikes, sills, contacts, and spheres. Thus structural indices
of 0 to 3 were assigned to the different geological models.
Thus the Standard Euler deconvolution of the study area sug-
gests a depth range to the source of magnetization to be be-
tween 0 m to a little above 3000m. Comparing these depth
estimates with the information gotten from the spectral analy-
sis, there is a positive correlation between the results from
both depth estimation methods. Similarly, the presence of
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numerous lineaments in the study area and the correlation
and alignment of the major intrusions into the basin with both
the strike and trend of the basin is enough reason to believe
that rifting and wrench faulting are possible origins of the ba-
sin. Regional extension enhances brittle deformation to the
degree that the style is commonly dominated by fractures.
Protracted or episodic deformation involving two or more
major wrench faults can be considerably more complex lead-
ing to a variety of trends. This variety of trends probably re-
sulted from the interaction of two factors: pre-deformational
anisotropies and external rotation and reactivation of the frac-
tures.

5.0 SUMMARY AND CONCLUSION

The results obtained from the use of the HRAM data have
shown some similarities with those from the previous old data
but with resolution highly improved. The study area has a
mean sedimentary thickness of 2.289km. The average base-
ment depth values estimated from spectral analysis and the
abundance of intrusives shows that the area may not be viable
for hydrocarbon exploration as the shallow basement depth is
not conducive for hydrocarbon generation and accumulation.
Some of these linear features corresponded to the strike and
direction of some paleo-structures, faults, and tectonically re-
lated joints with dominant trend direction of NW-SE. The pre-

Table 1. Spectral Depth Estimates of the study area
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sent study is therefore in agreement with previous studies
which suggested that Nigeria has a complex network of frac-
tures and lineaments with dominant trends of NW-SE, NE-
SW, N-S and E-W directions. These linear structures running
NW-SE observed from the study are suggested as the conti-
nental extension of the known pre-cretaceous oceanic fracture
zones which run along the trough axis beneath the sedimen-
tary cover [33]. Finally, the correlation of these lineaments
with mineralization in the area has been ascertained by previ-
ous authors[10,34-36].

In conclusion, the deep anomaly source depth averaging
2.373km deep could possibly represent the magnetic basement
surface of the study area while the other depth averaging
0.554km could possibly represent the shallow source. From
the estimated sediment thickness of the area and the occur-
rence of numerous intrusive bodies in addition to the defor-
mational history of the sedimentary rock sequences in the
study area, the possibility of hydrocarbon accumulation in the
study area is very low. The possibility of other minerals such
as lead, anhydrides, asphalt-impregnated sand stones, carbo-
naceous shales and quartz arenites, etc., in the study area is
very high.

Spectral Blocks Longitude Latitude Estimated Basement Depth (km)
Xl X2 Yl Yz Dl Dz
Kiri A 11.5 11.75 8 8.25 0.6 1.98
Kiri B 11.5 11.75 8.25 8.5 0.9 2.1
Kiri C 11.75 12 8 8.25 0.8 1.89
Kiri D 11.75 12 8.25 8.5 0.92 2.06
Monkin A 11.5 11.75 8.5 8.75 0.57 2.9
Monkin B 11.5 11.75 8.75 9 0.66 2.6
Monkin C 11.75 12 8.5 8.75 0.11 2.7
Monkin D 11.75 12 8.75 9 0.94 2.92
Jada A 12 12.25 8 8.25 0.67 2.75
Jada B 12 12.25 8.25 8.5 0.598 2.61
Jada C 12.25 12.5 8 8.25 -1.174 2.67
Jada D 12.25 12.5 8.25 8.5 0.88 2.78
Dong A 11.5 11.75 9 9.25 0.35 2.52
Dong B 11.5 11.75 9.25 9.5 0.2 2.41
Dong C 11.75 12 9 9.25 0.98 2.38
Dong D 11.75 12 9.25 9.5 0.67 2.255
Toungo A 12.25 12.5 8 8.25 0.54 2.06
Toungo B 12.25 12.5 8.25 8.5 0.98 2.05
Toungo C 115 11.75 8 8.25 0.62 1.98
Toungo D 11.5 11.75 8.25 8.5 0.28 1.575
Numan A 12.25 12.5 9.0 9.25 0.2 2.45
Numan B 12.25 12.5 9.25 9.5 0.9 2.39
Numan C 11.5 11.75 9.0 9.25 0.2 2.58
Numan D 11.5 11.75 9.25 9.5 0.9 2.34
Average Depth 0.5539 2.3729
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