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Abstract: This paper presents the structural analysis of the aeromagnetic data over parts of the
Dahomey Basin, Southwestern Nigeria using 2-D spectral analysis. The objective of this study is to
determine the basement depth, establish the basement morphology and relief, determine the structural
and tectonic features associated with the basin and to infer the influence of such structures on basin
geodynamics. Data enhancement was carried out to delineate residual features relative to the strong
regional gradients and the more intense anomalies due to basement features and igneous intrusives.
Several clusters of circular anomaly closures with different amplitudes which occur especially in the
northwestern half of the area were interpreted to be lithological variations of mafic–ultramafic
inclusions within granodioritic batholiths. Similarly, the high magnetic relief of this area is believed
to be closely related to mafic-ultramafic rock masses in the area.  Structural features identified in the
study area from both the regional and residual maps revealed two principal trend directions in the NE-
SW and N-S. Results of the 2-D spectral analysis of the aeromagnetic data revealed a two source
depth model. The depths to the deeper magnetic source bodies range in depth from 4.219km to
6.99km with an average depth of 6.039km. This magnetic source body is identified with the magnetic
basement. The shallower magnetic sources ranging in depth from 0.101km to 0.884km with an average
depth of 0.543km could be attributed to near surface magnetic sources which are magnetic rocks
which intruded into the sedimentary formations.
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INTRODUCTION

The study area lies between latitudes 60451 to 70001N and 30001 to 40001E and falls within the eastern
Dahomey basin. The stratigraphy of the eastern Dahomey basin indicates that the Ise Formation uncomformably
overlies the basement complex of southwestern Nigeria. The formation is made up of grits and conglomerates
at the base and overlain by coarse grained loose sands with intermediate kaolinite. The age of the Ise
Formation is Neocomian to Albian. The Afowo, Araromi, Ewekoro and Akinbo Formations accordingly succeed
this unit stratigraphically (Omatsola, 1981). Previous studies in the study area depicted the Dahomey Basin as
a sedimentary basin with low petroleum potentials (Coker, 1987). The basin is believed to contain extensive
wedge of sediments, up to 3000m, which thickens towards the offshore (Whiteman, 1982). This study therefore
was carried out with the objectives of determining the basement depth, investigating the basement relief and
morphology, delineating the structures associated with the basin and to infer their relationship with basin
formation, geodynamics and hydrocarbon potentials.

The Benin (Dahomey) Basin located in West African Gulf of Guinea runs parallel to the coastal margins
of Ghana, Togo, the Republic of Benin and southwestern Nigeria. It is an extensive basin starting from
southeastern Ghana through Togo and the Republic of Benin to southwestern Nigeria, where it is separated
from and cut off the stratigraphically younger Niger Delta basin. The basin consists of Cretaceous Tertiary
sedimentary sequences that outcrop in an arcuate belt roughly parallel to the ancient coastline. The Tertiary
sediments of the Dahomey basin thin out to the east and are partially cut off from the sediments of the Niger
Delta basin against the Okitipupa basement ridge. 

The evolution of the Dahomey basin is attributed to the transcurrent movements of the oceanic fracture
systems especially the Romanche, Chain and Charcot fractures during the drifting stages of separation of South
America and Africa in the Campanian to Tertiary. The separation of the African and South American
landmasses as a  result of the continental drift led to the subsequent opening of the Atlantic Ocean during the
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Mesozoic Era (Storey, 1995). Several hypotheses have been developed as to the origin and or evolution of the
basin. However, the rift hypothesis is widely supported on the basis of several features characterizing the basin
(Omatsola, 1981; Adediran, 1987).

The stratigraphic setting of the basin has been discussed in detail in several works carried out in the study
area (Adediran, 1987; Adekeye, 2005). Substantial amount of sediments were deposited in fault controlled
depressions in the Dahomey basin during the late Cretaceous. Post Santonian marine transgression accompanied
the subsidence and drowning of continental margins, which brought about the deposition of very thick sequence
of continental grits and pebbly sands over the entire basin. In some places, mudstones and shales with thin
limestone beds were deposited. This lithostratigraphic formation is referred to as the Abeokuta Group
(Omatsola, 1981). A continuation of the marine transgression during the Paleocene led to the deposition of
shallow marine limestones of the Ewekoro Formation and the shales of the Akinbo Formation. On top of the
Paleocene sequence is the Eocene shales of the Oshosun Formation and the sandstones of the Ilaro Formation.

The application of spectral analysis to the interpretation of potential field data is one method that can be
used to determine the basement depth, and is now sufficiently well established (Spector, 1970). Several authors
have applied spectral inversion techniques in the determination of sedimentary thickness in various basins of
the world (Ofoegbu, 1991; Kangoko, 1997; Liu, 2003; Salem, 2000; Udensi, 2004). The magnetic anomaly
signature characteristics are results of one or more physical parameters such as the configuration of the
anomalous zone, magnetic susceptibility contrasts as well as the depth to the anomalous body. The broad
magnetic closures seen on the total magnetic intensity anomaly maps are often due to changes in the rock
composition within the basement. If the magnetic units in the basement occur at the basement surface, then
depth determinations will map the basin floor morphology. 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 the
area. Often, they are overlain by sediments whose depositional isopachs and/ or structure reflect the underlying
basement structure (Gunn, 1997). Thus, by studying the magnetic basement, information can be provided on
the morphology of the sedimentary basin and its structure. Depth to basement is important in our exploration
efforts, particularly for the determination of areas where there may be mature hydrocarbons. 

Theory and Method:
The nature of filtering applied in this study in the Fourier domain was chosen to eliminate certain

wavelengths and to pass longer wavelengths. Regional - residual separation was carried out using polynomial
fitting. This is a purely analytical method in which matching of the regional by a polynomial surface of low
order exposes the residual features as random errors. For the magnetic data, the regional gradients were
removed by fitting a plane surface to the data by using multi- regression least squares analysis. The expression
obtained for the regional field T(R) is given as:

T (R) = 761.158 + 0.371x - 0.248y   (1)

Average depth values to buried magnetic rocks using the power spectrum of total intensity field were
achieved using spectral analysis. These depths were established from the slope of the log- power spectrum at
the lower end of the total wave number or spatial frequency band. The method allows an estimate of the depth
of an ensemble of magnetized blocks of varying depth, width, thickness and magnetization. Most of the
approaches used involve Fourier transformation of the digitized aeromagnetic data to compute the energy (or
amplitude) spectrum. This is plotted on a logarithmic scale against frequency. The slopes of the segments yield
estimates of average depths to magnetic or gravity sources of anomalies.

Given a residual magnetic anomaly map of dimensions l x l, digitized at equal intervals, the residual total
intensity anomaly values can be expressed in terms of a double Fourier series expression given as:
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where l = dimensions of the block,     and        is the Fourier amplitude and N and M are the
 number of grid points along the x and y directions respectively. Similarly, using the complex form, the two
dimensional Fourier transform pair may be written as:
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(3)

and g(x, y)     (4)

The use of this method involved some practical problems, most of which are inherent in the application
of the Discrete Fourier Transform (DFT). These include the problems of aliasing, truncation effect or Gibb’s
phenomenon and the problems associated with even and odd symmetries of the real and imaginary parts of
the Fourier transform. However, in this research, these problems were taken care of by the software used in
the analysis. 
 
Results and Interpretation:

The magnetic data used were obtained as part of the nation-wide aeromagnetic survey which was
sponsored by the Geological Survey of Nigeria (GSAN) and completed in 1976. Flight line direction was
NNW-SSE at station spacing of 2km with flight line spacing of 20km at an altitude of about 150m. Tie lines
were flown in an ENE-WSN direction. Regional correction of the magnetic data was based on the IGRF
(epoch date1 of January, 1974).For this study, aeromagnetic sheets 282,283,284,296,297 and 298 were used.
The aeromagnetic maps were digitized along flight lines at 2km intervals. The regional gradients were removed
by fitting a plane surface to the data by multi- regression least squares analysis. Figure 2 is the total field of
the magnetic data presented as a contour with the magnetic intensity values ranging from 7260-7695nT while
the total field is presented in figure 3 as a surface plot. The first degree regional and residuals are shown in
figures 4 and 5 respectively. 

Several clusters of circular anomaly closures with different amplitudes which occur especially in the
northwestern half of the area suggest lithological variations of mafic –ultramafic inclusions within granodioritic
batholiths. These anomalies are probably associated with banded iron ores and base metal sulphide bodies. In
addition, the magnetic relief of the area is generally varied with regards to the types of the surface exposures
of the basement rocks. This high magnetic relief is closely related to mafic-ultramafic rock masses in the area.
These rocks are believed to be the by-products of the re-activation of the trans-oceanic fracture zones that also
acted as conduits for primary mineralization. 

The original aeromagnetic field map of the study area is characterized by series of local anomalies which
are not apparent on the total and residual maps due to the digitizing and contouring intervals. These local
anomalies were modeled in terms of intrusions which are known to occur in part of the study area using non
linear optimization techniques built into MATLAB 7.5 software. In summary, the method seek to minimize
a non linear objective function which represents the difference between the observed and calculated fields
through an iterative change of the non linear parameters (location, thickness and depth) by non-linear
optimization while at the same time obtaining optimum values for the linear parameters (magnetization
components, quadratic regional and composite magnetization angle) by least-square analysis. Many of these
prominent local anomalies are associated with intrusive igneous bodies and mineral veins found in the area.
Detailed Interpretations of these anomalies in the study area are presented in table 2. An interesting feature
of most of these local anomalies is the fact that they appear to have a NE-SW elongation trend. The short
wavelength anomalies on the aeromagnetic profiles are caused by the variation in the magnetization due to
existence of the very thin intrusions occurring at shallow depths. The medium and long wavelength anomalies
on the aeromagnetic map are due to the magnetization from deeply seated intrusive bodies of asthenospheric
origin. The information derived from the analysis of the prominent magnetic anomalies of the aeromagnetic
map of the study area revealed that most of the anomalies have a mean anomaly width of 5km. 

Depth to source interpretation of aeromagnetic field data provides important information on basin
architecture for petroleum exploration and for mapping areas where basement is shallow enough for mineral
exploration. Magnetic basement is an assemblage of rocks that underlies sedimentary basins and may also
outcrop in places. If the magnetic units in the basement occur at the basement surface, then depth
determinations for these will map the basin floor morphology, relief and structure (Onyedim, 2006). The result
of spectral analysis of the study area indicated a two-depth source model with the depth to the deeper sources
identified with crystalline basement(see figure 6).
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Two important magnetic layers were therefore revealed in this study with magnetic basement depths
varying from 4.219km to 6.99km with an average basement depth of 6.039km.This layer may be attributed to
magnetic rocks of the basement, lateral variations in basement susceptibilities and intra- basement features like
faults and fractures. Depth to the shallow magnetic layer ranges from 0.101km to 0.884km with an average
depth of 0.543km (See table 1).This layer is attributed to magnetic rocks which intruded into the sedimentary
formations.

Fig. 1: Geological map of southwestern Nigeria.

Fig. 2: Total field intensity map of the magnetic data of the study area.
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Fig. 3: Total field intensity map of the aeromagnetic data of the study area presented as a surface plot.

Fig. 4: First degree regional field of the aeromagnetic data of the study area.

Fig. 5: First degree residual field of the aeromagnetic data of the study area.
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Fig. 6: Some spectral plots (32x32km overlapping grid) of the aeromagnetic data across the study area.

Table 1: Spectral Depth Estimates to the Magnetic basements in the study area.
S/NO Spectral blocks Longitude Latitude Depth(km)

---------------------------------- ----------------------------- -----------------------------------
X1 X2 Y1 Y2 D1 D2

1 A 40301 50001 60451 70001 6.558 0.8838
2 B 50001 50301 60451 70001 6.2188 0.3728
3 C 50301 60001 60451 70001 6.2188 0.8838
4 D 40301  50001 60301 60451 6.9968 0.7573
5 E 5000 50301 60301 60451 5.8855 0.5077
6 F 50301 60001 60301 60451 6.7611 0.1012
7 G 40301 50001 60151 60301 4.2188 0.5825
8 H 50001 50301 60151 60301 6.7188 0.5721
9 I 50301 60001 60151 60301 6.4915 0.7340
10 J 40301 50001 60001 60151 4.9331 0.4688
11 K 50001 50301 60001 60151 5.5824 0.2533
12 L 50301 60001 60001 60151 5.8855 0.3953

Table 2: Interpreted model parameters obtained for some interpreted linear magnetic anomalies across the study area.
LOCATION COORDINATES DEPTH ESTIMATES(KM) WIDTH AMPLITUDE MAGNETI- %RADIA ANOMALY

---------------------------- ------------------------------------ (KM) (GAMMA) ZATION NCE  TYPE
longitude latitude Peter’s Tilburg Half (A/M)

slope width
Okitipupa 40 411E 60301N 4.6 2.4 3.4 4.6 7600 0.32 0.37 High
Ilutitun 40 381E 60321N 5.6 4.4 3.6 3.7 7590 0.71 1.55 High
Ore 40 521E 60441N 4.7 3.6 4.0 4.2 7500 0.13 -1.20 High
Siluko 50 101E 60311N 5.4 4.3 2.5 6.2 7650 1.53 1.57 High
Iguobezuwa 50 221E 60321N 4.5 1.89 2.6 5.4 7620 2.30 1.67 Low
Araromi 50 071E 60291N 4.2 4.3 1.2 4.6 7570 2.10 0.47 High
Ifon 50 461E 60561N 3.85 4.7 1.4 4.2 7600 2.20 0.57 High
Okeluse 50 351E 60471N 4.0 3.2 1.6 6.4 7560 1.80 1.2 Low
Okohijo 50 371E 60 351N 4.3 2.78 1.9 6.5 7500 0.67 0.78 High
Illushi 60 371E 60401N 3.9 3.2 3.12 5.6 7450 0.79 0.93 High
Omo 60 561E 60311N 4.2 3.2 2.75 5.6 7560 0.34 0.56 High
Alegbette 60 351E 60501N 3.8 3.6 2.58 6.4 7420 0.16 1.1 High
Mahin 40 441E 60121N 6.6 3.2 4.7 4.2 7520 0.356 0.67 Low
Atijere 40 311E 60251N 6.8 5.3 4.2 5.4 7430 1.25 0.87 Low
Igbekebo 40 501E 60211N 7.2 5.4 6.0 4.6 7560 0.76 0.39 High
Okomu 50 111E 60181N 5.6 6.8 5.25 5.2 7500 1.78 0.87 High
Ofunama 50 131E 60081N 6.4 4.6 3.75 6.6 7450 0.34 0.29 High
Akotogbo 50 031E 60231N 6.2 5.6 5.05 6.4 7500 0.578 0.39 High
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Discussion and Conclusion:
The presence of mafic rocks inferred from the aeromagnetic data is in line with previous studies carried

out in part of the study (Elueze, 2000). In the Ilesha Schist and Igarra belts, ground truthing achieved by
geologic mapping revealed  metasediments with the associated mafic –ultramafic rocks, are bordered by
approximately N-S trending units of the gneiss-migmatite complex. The contacts may be tectonic, and marked
by the development of cataclasites and mylonites (Elueze, 2000). Granites and pegmatites also intrude the
migmatitic gneisses, the mafic-ultramafic bodies and the meta-sediments (Olade, 1979). The mafic – ultramafic
units include a variety of amphibolites and talc bearing bodies. Lithologies of the metasedimentary suite
comprise quartzites and quartz, quartz-sericite/muscovite, uartz-chlorite/biotite and biotite – rich schists. Rocks
with residual igneous textures are likewise encountered (Elueze, 2000).

Fig. 7: Some interpretative cross sections across some aeromagnetic anomalies in the study area ;(a) cross
sections of anomalies in the northern half of the study area around Okitipupa area;(b)cross sections
in the southern half of the study area around Okomu area.

The spectral depths obtained in this study are in agreement with depth estimates from Peter’s rule which
revealed the depth to the shallow layer to be in the range of 0.338km to 1.76km, while the depth to the
magnetic basement varies between 2.68km to 6.488km (figure 7&8). Zaborski, (1998) explained that the Benin
Basin is an Atlantic margin basin containing a Cretaceous and Cenozoic sedimentary succession reaching a
thickness of over 3000m(>3km).Along strike, the Benin Basin is subdivided into a number of horst and graben
structures by N-S to NE-SW trending faults. Coker and Ejedawe (1987) recognized a western Benin Basin
proper and an eastern Okitipupa structure. 

Over the latter the basement floor typically occurs at depths of 1000 to 1400m but downdrops occur in
the Ise graben where basement is at 1800-2000m. To the east of the Okitipupa structure, the basement plunges
rapidly to over 10km below the western Niger Delta (Evamy, 1978). In the Benin Basin proper; there is a
steady drop of basement along strike from about 1900m in the central part of the Nigerian sector to over
2200m at the Nigeria-Benin border. Immediately east of the border the basin also deepens from about 1500m
to 2700m along a N-S line 30km long crossing the present day coastline. It is believed that these latter drops
represented as series of narrow step faulted basement aligned parallel to the coastline and with a regional
southerly tilt (Coker, 1987; Zaborski, 1998). 
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Fig. 8: Sedimentary thickness (basement depth) contour map of the study area.

From the economic point of view, it can be concluded that the average sediment thickness of 6.039km
obtained in this study is significant for accumulation and entrapment of hydrocarbons. This average basement
depth is in agreement with previous works done in and around the basin. Coker and Ejedawe, (1987) estimated
a basement depth range of 0.25 – 4.0km for the Benin Basin, noting however that the Benin Basin proper
showed along strike a steady drop of basement floor ranging from about 1900m on the east to well over
2200m at the Nigeria - Benin Republic border. Similarly, Udensi and Osazuwa (2000), obtained a depth to
basement range of 2.67km- 4.76km and 2.06km-6.48km for the Nupe and Bida sedimentary basins respectively.
These basins are close to the Benin basin and their basin depths are somehow correlatable. 
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