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Abstract

The petroleum prospect of the Nigerian sector of the Dahomey Basin is evaluated with high resolution
aeromagnetic data. The aim is to delineate the basin topography, deduce the presence of sufficient
thickness of sediments and identify the presence of subsurface structures that can form hydrocarbon
trapping mechanisms. The total field data was subjected to noise filtering, anomaly transformation and
enhancement, with a view of performing geologic discrimination of the subsurface, map rock
lineaments and determine basement depths. Radially averaged power spectrum was used to evaluate
the noise-signal amplitude-frequency range of the data, which assisted with noise and regional field
removal with Butterworth filter. Data processing also include removal of the IGRF field, downward
continuation and reduction to pole. Generation of the derivatives, analytic signal, Euler depth solution
and lineament maps form the basis of geological and structural mapping, including evaluation of basin
architecture. Depth estimates from the total field power spectrum range from less than 1 km to 12
km, while 3D Euler Deconvolution indicates depth to basement range from < 500 m in the northern
zone and up to 6000 m in the southern region, with a NE-SW trending relatively shallow region of
maximum depth of 1500 m separating the western Dahomey Basin from the Eastern Niger Delta. The
presence of up to 3000 m thickness of sediments and presence of fractures whose reactivation can
form traps, suggest the potential for untapped resources in the unexplored parts of the Nigerian sector
of the Dahomey Basin.
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1. Introduction

The Dahomey Basin is a petroliferous basin and commercial hydrocarbon reserves have
been discovered in the Keta (Ghana), Seme (Benin Republic) and Lagos (Nigeria) parts of the
basin. The basin was previously abandoned due to the Niger Delta oil boom, but recent renewal
of hydrocarbon exploration interests in the basin is due to depletion of the Niger Delta hydro-
carbon reserve. Discovery of hydrocarbon deposits in commercial quantities off the coast of
Lagos in Aje field (1996) and Ogo field (2013) has further lend credence to continued explo-
ration activities in the basin. Resources of economic importance, which had also been the
subject of exploration include limestones, phosphorites, ironstones, kaolinite clay and water [1-2]-

The acquisition of high resolution magnetic data by the Federal Government of Nigeria over
the entire country have opened up opportunities for comprehensive and advanced studies into
the geology and economic potential of the Nigerian geologic terrain. Although, literatures
abound on the application potential fields in basement and basin studies of Nigeria, these
available data are yet to be fully explored and thus, still potentially valuable for further studies.
On the Dahomey Basin area, airborne magnetic data are often processed and interpreted for
lineament mapping and basement depths. There are magnetic interpretation works on small
parts of the basin, such as [3-4], but this study aim to carry out a basin-wide study of the
basement topography and structures, in order to evaluate the hydrocarbon potential of the basin.
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2. Location and geology of the study area

The study area is located within longitude 2° 30’ E - 6° 00’ E and latitude 6° 00’ N - 7°
30’ N, in south-western Nigeria. The study area covers the eastern Dahomey Basin, referred
to as the Nigerian sector of the Dahomey Basin. The study area stretches eastward into the
western area of the Niger Delta Basin. The geologic map of the study area, which was produced
from the surface expression of outcrops and sediments and published by the Nigerian Geolog-
ical Survey Agency (NGSA) is presented in Figure 1. Precambrian Basement Complex rocks
occupy the northern part of the study area, while sedimentary rocks occupy the southern
parts. The chiefly granitic basement rocks terrain is highly fractured and has been described
to be block faulted [51. Basement subsidence during the Early Cretaceous resulted in the dep-
osition of thick sequence of continental sediments [61. The major Cretaceous sedimentary li-
thologies include sands, shales and limestones. The Tertiary to Recent sediments include
sands, shales, limestones, mudstones and claystones [7-8]1, The Cretaceous sands form out-
crops around the basement boundary.
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Figure 1. Geologic map of the study area
3. Methods

The datasets used include airborne magnetic data acquired from the Nigerian Geological
Survey Agency (NGSA) and the ETOPO1 digital terrain models (DTM) acquired from the Na-
tional Oceanic and Atmospheric Administration (NOAA). The aeromagnetic data was subjected
to series of processing and anomaly enhancements using Oasis Montaj software.

3.1. The airborne magnetic data

The high resolution aeromagnetic data was acquired from the Nigerian Geological Survey.
Data acquisitions were carried out with fixed wing Cessna aircrafts, with mean terrain clear-
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ance of 80 m. Measurements were recorded at an interval of 0.1 seconds or less, which cor-
responds to station spacing of approximately 7 m. Flight lines spacing is 500 m with a trend
of 135° (NW-SE), while tie lines spacing is 5000 m, with a trend of 45°. The pre-processed
data was provided by the NGSA as a 2D grid of total magnetic intensity (TMI), with constant
cell spacing of 100 m. The IGRF 2005 model was used in calculation of declination and incli-
nation, since the data was collected from 2005 and 2009. The geographic coordinate system
and WGS 84 reference datum were used during data acquisition and pre-processing. The co-
ordinate system was however transformed to the UTM Zone 31N Cartesian coordinate system
prior to processing.

3.2. Data analysis and processing

A value of 33,000 nT was added to the TMI data as this was removed initially from the field
data during pre-processing. In order to correct for the flight height, the data was downward
continued ®1 to 80 m, which corresponds to the height of measurement aircraft above terrain.
Butterworth lowpass filter was then applied, with a cut-off wavelength of 2000 m, which is 4
times the original line spacing of 500 m [10] to attenuate noise. Butterworth bandpass filtering
was later applied after IGRF removal and reduction to pole, to obtain the residual anomaly
data. The filter was implemented with long wavelength cut-off of 100 km and short wavelength
cut-off of 5 km, thereby leaving the intermediate fields for further processing and anomaly
enhancements.

3.2.1. Removal of the IGRF field

The IGRF (International Geomagnetic Reference Field) is used to compute a theoretical
magnetic field of the earth. The resulting data from the subtraction of the IGRF field from the
total field magnetic data is often referred to as IGRF Residual. The IGRF Residual is sometimes
referred to as magnetic anomaly [ and it is due to variation in magnetic intensity of crustal
rocks, which is what is important in magnetic surveys. In this work, the acquired total field
magnetic data is referred to as the commonly accepted total magnetic intensity (TMI), while
the IGRF Residual is referred to as the total magnetic anomaly (TMA). The 2005 IGRF model
was used for this work, since most of the data was acquired between 2005 and 2007.

3.2.2. Reduction to pole (RTP)

Reduction to pole transformation of the magnetic data was implemented to facilitate inter-
pretations [1°], The operation affects both the amplitude and phase of the anomaly and trans-
forms the data to that which would have been obtained at the magnetic pole [*], such that
the direction of magnetization and ambient field are both vertical and symmetrical above the
source body [12-13], The RTP process [4] involves Fourier transform of the data into the fre-
quency domain and multiplication of the result by the RTP operator [15-18],

The standard RTP procedure assumes the direction of the earth magnetic field and crustal
magnetization is constant. This may be plausible for small-scale local studies, but not valid for
large-scale regional studies [*°], in which magnetic inclination and declination changes signif-
icantly. In order to mitigate the problem, as the study area spans several degrees of longitude,
the differential reduction to pole (DRTP) technique was implemented. The DRTP technique [19-21]
is a modification of the RTP [*4] technique and its purpose is to facilitate transformation of
magnetic anomalies on a regional scale, spanning several degrees of latitude and longitude.

The RTP operator is an inverse function of inclination, and as inclination approaches zero,
the filter becomes unstable [22-23], This situation is prevalent around the equator and regions
of low latitudes, within which the study area is located. This causes directional amplification
of the anomalies and inherent noise [16:18:241, There are several solutions to problem [25-28],
directional filtering [26], but the implemented approach is the simple modification of the DRTP
filter [17-18]1 This involves the use of a modified inclination (I’ equals 20°) set greater than the
true inclination (-12.7°).
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3.2.3. Derivatives and analytic signal

Derivative filters were applied to the RTP data for delineation of edges and geological
boundaries [291, Horizontal (x and y) and vertical (z) derivatives are very sensitive to the
edges of bodies and are thus called edge detectors. The total horizontal derivative is the vector
sum of the horizontal (x and y) derivatives and peaks over vertical contacts or forms a ridge,
if the source is narrow. The tilt derivative, which is the arctan of the ratio of vertical derivative
to the total horizontal derivative was also calculated and it produces patterns that are similar
to the first order vertical derivative [®]. Analytic signal grid was also generated from the RTP
data and the result was used for structural and geologic discriminations. The analytic signal
concept as used in this work is the 3D analytical signal amplitude or simply 3D ASA for short [3°],
The analytic signal in 3-dimensions was given by [31] and it is essentially the vector sum of
the horizontal (x and y) and vertical derivatives.

3.2.4. Centre for exploration targeting (CET) grid analysis

The CET grid analysis algorithm was developed by the Centre for Exploration Targeting
(CET), based at the University of Western Australia. The algorithm, provided as a plugin in
Oasis Montaj was used for lineament and edge detection. There are two tools available for
lineament and edge detection. These include the Phase Symmetry, which enhances the ap-
pearance of linear features and Phase Congruency, which detects discontinuities or edges.
Phase symmetry is used in detecting ridges/valleys, while phase congruency is used in de-
tecting edges. Phase symmetry involves identifying axes of symmetry. At the point of sym-
metry the amplitudes of all frequency components of the data are at maximum, and the axis
of symmetry is perpendicular to the orientation of the profile line. In order to identify points
of symmetry in the 2D data, the data is first broken into 1D profiles and analyzed over multiple
orientations at varying scales. Phase congruency depends on the fact that edge features occur
at points where local frequency components are maximally in phase. At the edge points, all
the component waves are in phase. The resultant solution plots are curves, which are then
vectorized into straight lines. Lines less than 5 km in length were rejected.

3.2.5. Depth to Basement - Euler deconvolution

The conventional Euler deconvolution method of depth estimation was applied to the data [32],
in order to determine the depth and location of the source body. It makes use of the three
orthogonal (x, y and z) derivatives of the total magnetic intensity (TMI) data, the value of the
regional magnetic field and a structural index (SI). The structural index (SI) depends on sus-
pected geometry of the source body and values of 0 and 1 were used for contact and dyke
models respectively [33-341,

The target depth range was 0 to 10,000 metres [435-401 and attempts were made to use
various window size ranging from 2000 to 10,000 m [10.3441-42]1 Tn the initial calculations, the
maximum percentage depth tolerance (dZ) is set at 25 %. The solutions were windowed (re-
duced) with variable parameters in order to eliminate spurious values. These include the max-
imum percentage depth tolerance or uncertainty (dZ), maximum percentage location toler-
ance or uncertainty (dXY) and maximum/minimum depth. The X-Offset and Y-Offset were also
used to window the solutions. These represent the x and y distance of Euler solutions from
the centre of the moving window. Solutions located farther than half the value of the solution
window size are often not reliable [10]1,

The initial computation was done with a window size of 2000 m, and structural index of
0.0, for contact/fracture model. The solutions were windowed to dZ of 10 %, dXY of 15 %, X-
Offset of +/- 1000 m and Y-Offset of +/- 1000 m. Upon scrutinizing the depth solutions with
well depths, the solutions were discovered to be generally too shallow. The window size was
increased to 4000 m, so that depths up to 8000 m could be accepted with a realistic level of
confidence, as depths greater than twice the window size are generally deemed to be unreli-
able [3441]1 The accepted solutions thereafter was carried out with a structural index of 1.0 for
dyke model and then windowed to dZ of 10 %, dXY of 15 %, X-Offset of +/- 2000 m and Y-
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Offset of +/- 2000 m. The remaining solutions were dot plotted and also gridded. The elevation
data used for topographic correction of the depth solutions is the ETOPO1 1-Arc Minute digital
terrain model (DTM).

4. Results

Geologic and structural interpretations were initially carried out through qualitative inter-
pretation. This is then followed up with quantitative interpretations, involving lineament map-
ping and 3D Euler calculation of source depths.

4.1. Total field magnetic anomaly distribution

The total magnetic intensity (TMI) values (Figure 2) range from 32000 to 34000 nT. The
values generally decrease from north to south and from west to east. The northern half of the
study area displays complexity in amplitude variations and has strong imprints of short wave-
length anomalies. This area is dominated by basement rocks. The southern half is dominated
by long wavelength anomalies and the relatively smooth appearance of this area suggests
deeper magnetic sources. Magnetic intensity values are generally higher towards the base-
ment terrain and the anomalies trend in an approximately NE-SW direction.
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Figure 2. Total field magnetic intensity distribution
4.2. Reduction to pole at low latitude residual magnetic anomaly distribution

The reduction to pole residual magnetic anomaly values (Figure 3) range from -326 to 517
nT. Anomaly trends range from NW-SE in the western and eastern areas, to a predominantly
NE-SW trend in the central area. A basement fracture of regional proportion exists around the
centre of the study area. This is designated by a NNE-SSW trending negative anomaly (< -70
nT). The Dahomey Basin in south-west of the map shows anomaly values that decrease from
east to west, from > 400 nT to < 20 nT. This, including the increasing smoothening of the
anomalies in this direction suggests increasing basin depths. The eastern half of the study
area is dominated by two NE-SW trending high positive (> 25 nT) anomalous zones, running
from north to south, through the middle and eastern end of the map.
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Figure 3. Pole reduced residual magnetic anomaly distribution

4.3. Horizontal derivatives of the magnetic data

The x-derivative map (Figure 4) indicates a general north-south trend of basement struc-
tures, but exact orientations vary considerably across the study area.
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Figure 4. X-derivative of magnetic anomaly

Moving from west to east, the structures trend NE-SW in the western part, NW-SE / NE-
SW in the central parts and NW-SE in the eastern part. The elongated features are not well
defined in the southern parts but their general north-south trend visible. The y-derivative map
(Figure 5) shows the general east-west trend typical of y-derivative maps. However, as the
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Nigerian basement terrain have been established to have a general north-south trend, this
result is only reliable in the regions where the trends are tilted northward, especially around
the north-central areas.
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Figure 5. Y-derivative of magnetic anomaly

The total horizontal derivatives (Figure 6) produced results similar to that generated by the
x-derivative. However, the total horizontal derivative is characterized with short-wavelength
noise and relatively poorer contrast.
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Figure 6. Total horizontal derivative of magnetic anomaly

However, the general north-south trend of anomalies are still visible, as well as the alter-
nating nature of the structural trends from west to east. The Dahomey Basin in the south-
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west of the study area is dominated by basement structures that trends almost north-south.
This is different from the obvious NE-SW trend over the Niger Delta Basin in the south-east of
the study area.

4.4, Vertical (Z) derivative of the magnetic anomaly data

The z-derivatives of the magnetic anomaly data is presented in Figure 7. The z-derivative
is similar to the x-derivative, although the structures are relatively less continuous. However,
they are well defined, with high anomaly contrasts. The predominantly north-south trending
derivative anomalies are well defined in almost the entire part of the study area, although in
the north, the terrain shows relatively better contrast. The structural is also observed to vary
from west to east, with the north-western areas showing a predominantly NE-SW trend. In
the basement terrain, the structural trends vary from west-east, from a predominantly NW-
SE direction within the western parts, to a predominantly NE-SW trend in the central areas.
The structural trend in the eastern parts is predominantly NW-SE, and the anomalies can be
observed to extend from the sedimentary terrain in the south-east to the basement terrain in
the north. The Dahomey Basin, located in the south-western part of the study area can be
separated from the Niger Delta area by its conspicuous north-south trending anomalies.
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Figure 7. Z-derivative of magnetic anomaly data
4.5. Tilt derivative of the magnetic anomaly data

The tilt derivatives map of the study area, extracted from the magnetic anomaly data is
presented in Figure 8. The tilt derivative produces similar results as the vertical derivative,
with the major difference being that in the tilt derivative map, the anomalies are narrower. As
a result, the peaks are better placed over the subsurface discontinuities, thereby facilitating a
relatively more accurate mapping. The general north-south trend of the basement rocks and
the changing orientations from west to east are vividly visible. Several fractures of significant
proportions can be traced on the map. A NE-SW trend negative anomaly trace is observed to run
through the middle of the map. This corresponds to the well-known regional Ifewara-Zungeru
fracture [43], Several other fractures of varying proportions are observed in the northwestern
and northeastern parts of the study area. The fractures generally trend in the NW-SE direction.
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4.6. Analytic signal of the magnetic anomaly data

The analytic signal map generated from the magnetic anomaly data is presented in Figure 9.

3°00" 3°30" 4°00" 4°30" 5*00" 5°30" 6°00"

i g 1180000000 825000 550000 575000 825000
.-§_ 4 o R 5 o S

g b

ngl

BE-

8.

8-
=K.

!l§

£

f

o B T o

® ‘.

g |

LR %

Er . . 3
g . 4

E .. e T .. e §
£ h h §
'F R - . s =gbenu | g
@ 475000 500000 625000 550000 575000 600000 625000 650000 675000 700000 725000 750000 775000 800000 825000 *

300° 30 w00 w3 w00 30 500"
0.000 0.003 0.004 0.005 0.006 0.007 0.008 0.010 0.011 0.014 0.016 0.018 0.021 0.024 0.027 0.031 0.036 0.043 0.056 0.319
| D =)
Analytic Signal (emu)
Analytic Signal of M d ly " (T
e L - Dahomey Basin, SW Nigeria
(meters)
WGS 84 / UTM zone 31N

Figure 9. Analytic signal of the magnetic anomaly data

This enables the characterization of the geologic terrain into basement and sedimentary
terrains, and also separates the Dahomey Basin from the Niger Delta. High positive (> 0.03
emu) anomaly amplitudes dominate the basement terrain which occur north of the study area.
The anomalies terminate in the transition zones. The Dahomey Basin in the south-western
region is dominated predominantly by low amplitude (< 0.01 emu) anomaly signatures. How-
ever, the area can be conveniently divided to two parts; the western part, dominated by low
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amplitude (< 0.0005 emu) anomalies and the eastern part, dominated by anomaly amplitudes
ranging from 0.007 - 0.014 emu. A region of high amplitude (> 0.024 emu) anomalies sepa-
rates the Dahomey Basin from the predominantly low anomaly amplitude (< 0.01) dominated
Niger Delta Basin in the south-east end of the study area.

4.7. CET lineament analysis of magnetic data

The edge solutions (Figure 10) are best developed in the basement terrain, but poorly
developed in the southern parts. The lineaments have a predominant north-south direction,
but the earlier identified variation in structural trends is well defined.
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Traces in the western part of the study area trend mainly NW-SE. The central areas contain
predominantly NE-SW trending traces. Lineaments that trend NW-SE dominate the eastern
parts of the study area. The ridge solutions (Figure 11) are well developed in most parts of
the study area. Here, the north-south trend of the basement structures is well defined, and
the changing orientations across the study area are quite obvious. In addition, there are sev-
eral basement fractures trending in various directions. The earlier interpreted NE-SW trending
regional fracture through the middle of the study area is well defined on the CET maps, espe-
cially on the ridge model map (Figure 11). The trace along the peak of the negative anomaly
(< -50 nT) in the south-east corner, coincide with the area reported to contain the Chain
Fracture Zone [36,38,43]

4.8. Basement topography from magnetic data

The plot of depth solutions generated using the contact (SI = 0.0) model (Figure 12) pre-
sents depth values of 150 to 2500 m. The values appear to increase from north to south and
from the middle of the map to the western and eastern parts. The basement topography grid
(Figure 13) displays a wide variation in depths to basement, with the values ranging from 0
to -3500 m. The depth distribution shows a division of the study area into three geologic
zones, which include the basement terrain (north), the Dahomey Basin (south-west) and the
Niger Delta Basin (south-east). The plot of depth solutions generated using the dyke (SI =
1.0) model (Figure 14) presents depth values of < 500 to > 4500 m. The sedimentary terrain
can be divided into two geologic zones, with the south-western part having depths > 2000 m,
and the south-eastern side having depths generally greater than 1000 m. The basement to-
pography grid (Figure 15) displays a rugged topography, with depth to basement values rang-
ing from -150 to -5000 m. The depth distributions also show a division of the study area into
three geologic zones. These include the basement terrain, the Dahomey Basin and the Niger
Delta Basin. The basement terrain is the shallowest part of the study area, with depths < 1000
m. The Dahomey Basin is well highlighted and appears to be the deepest part of the study
area. Depths to basement here range from -1500 m to -5300 m.
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Figure 12. Depth to magnetic basement from magnetic data (SI=0.0)
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Figure 13. Basement topography from magnetic data (SI=0.0
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Figure 14. Depth to basement solutions from total field magnetic data (SI=1.0)
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Figure 15. Basement topography from total field magnetic data (SI=1.0)
5. Discussion

Distinction of the study area into basement and sedimentary terrains was visible in the
distribution of the total magnetic intensity data, in which the basement terrain is dominated
by short wavelength anomalies, indicating shallow sources, while the sedimentary terrain is
dominated by anomalies of relatively longer wavelengths, indicating deeper sources. The gen-
eral geologic and structural trend in an approximate north-south direction [444-461 Subsurface
evidences on the underlying geology in the onshore and near-offshore parts of the eastern
Dahomey Basin, shows the basin to be of undulating topography and the thicknesses of the
sedimentary deposits vary markedly [36-37:391 and exceeds the minimum 3000 m thickness
necessary for the formation and preservation of hydrocarbon in southern parts [4],

Data transformation and anomaly enhancements enables mapping of the geologic contacts,
structural trends and delineation of the Dahomey Basin and Niger Delta Basin. The northern
parts of the study area, coincides with the basement terrain of south-west Nigeria [35471 while
the southern parts of the study area coincides with the south-west Nigeria sedimentary terrain
[8,47-48]1 A NE-SW trending region of relatively high magnetic analytic signal amplitude (> 0.02
emu) separates the Dahomey Basin from the Niger Delta Basin. The location of this region
around middle of the southern part of the study area, corresponds to the part of the study
area reported in previous work to contain the basement uplift separating the Dahomey Basin
from the Niger Delta Basin, known as the Okitipupa High [5:38],

Interpretations from the derivatives maps suggest that the geologic terrain is highly frac-
tured, with significantly varying structural trends. This justifies the notion that the basement
terrain and coastal basins of south-west Nigeria are highly fractured [39], with the basement
rocks and overlying sediments bearing imprints of several episodes of tectonism [3:36,38,49-55],
In addition to the varying structural trends indicated the presence of several episodes of tec-
tonic events, the Precambrian basement rocks have also been reported to be polycyclic in
nature [561 which implies that several distinct rock units occur together and they can be dif-
ferentiated on the bases of differences in age, mode of occurrences and tectonic records.
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Lineament extraction using CET edge and ridge analyses add additional credence to the
highly fractured nature of the underlying basement rocks. Regional fractures trending NE-SW
were mapped in addition to several other small scale fractures, generally trending approxi-
mately north-south. In addition to fractures, the basement structures also consist of ridges
and the interpreted NE-SW trending Okitipupa High (or Ridge), is the most discussed structural
feature of the Nigerian sector of the Dahomey Basin [5:38571 The Okitipupa Ridge has also
been described as the most important basement structure in the Nigerian sector of Dahomey
Basin and it affects the structural styles of the overlying sediments [35],

The second result of Euler depth estimation with the contact model (SI = 0.0) differs in
some ways from the first result of Euler depth estimation with the dyke model (SI = 1.0).
Validation of the basement topography grids with depth information from boreholes drilled to
basement reveals that the two solutions work differently for different parts of the study area.
Basement depths from the contact model produces relatively shallower depths for the base-
ment terrain, north of the study area, and the results obtained for the Dahomey Basin, south-
west of the study area agrees with the borehole depths. However, the contact model produce
basement depths that are shallower than the borehole depths, making the depth to basement
values obtained unreliable. Basement depths from the dyke model produce depth values that
agree more closely with the borehole depth, thereby making the result more reasonable. The
dyke model however, produces depth values that are deeper than they should for the base-
ment terrain and the Dahomey Basin.

It can be deduced from the basement topography maps that the basement terrain has an
undulating topography. Depths to basement appear to increase from north to south, with the
southwestern part appearing to be the deepest part of the study area. Depths to basement
appears to increase to an initial value of 500 to 1000 m in the central parts of the study area,
before increasing steeply to more than 3000 m in the Dahomey Basin, southwest of the study
area. This suggests a step-wise subsidence of the crustal rocks, thereby supporting the notion
that the Dahomey Basin is a sag basin [4]. In addition, the existence of basement rocks at
more than 3000 m below the surface, also indicates that the Dahomey Basin contain the
minimum 3000 m thickness of sediments deposits necessary for hydrocarbon formation. The
presence of sufficient thickness of sediments for hydrocarbon formation has also been reported
by several workers [40:58] Traps within the Dahomey Basin are both structural and strati-
graphic [36] and reactivation of the basement fractures has the potential to initiate formation
of new trapping systems that can facilitate accumulation of hydrocarbon.

6. Conclusion

The basement terrain contains anomalies of relatively short wavelengths and high ampli-
tudes, due to shallow source depths, while the sedimentary terrain exhibit smooth gradients.
The additional distinction of the south-western Dahomey Basin from the south-eastern Niger
Delta was made possible with the derivatives and analytic signal maps. Lineament analyses
reveal that the subsurface basement is highly fractured, with the structures trending in varying
directions. The fractures could have acted as hydrocarbon migration paths, considering the
abundance of tar sands and oil-seeps around the basement/sedimentary transition zones,
which has sediment depths of less than 2000 m. The presence of sediment thicknesses of up
to 3000 m in the southern ends of the study area, suggests that there are untapped hydro-
carbon deposits that could yet be discovered.
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