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ABSTRACT

The aeromagnetic study presented here covers 4° to 5° N latitude and 5.30° to 6.30° E longitude in
the Niger Delta region. The Reduced to Equator (RTE) magnetic map offers a spatial visualization of
magnetic field variations, with high-intensity magnetic intensities in the east-central and south-
western sectors suggesting the presence of magnetite-rich mafic or ultramafic rocks, while low-
intensity zones in the west-central region likely indicate non-magnetic sedimentary layers or deep
basement rocks. This differentiation aids in interpreting subsurface lithology’s and geological
boundaries. Depth estimation techniques, including Euler DE convolution, with depth ranging from
1000 m to 7500 m, Source Parameter Imaging (SPI), and Spectral Analysis, in the study further
elucidate the structural and stratigraphic framework. SPI reveals source depths exceeding 3.0 km,
suggesting significant sedimentary cover crucial for hydrocarbon generation. Spectral analysis
indicates magnetic basement depths ranging from 2.9 km to over 5.3 km, particularly in central and
south-eastern sectors, highlighting potential hydrocarbon-rich sedimentary basins. The First Vertical
Derivative (FVD) map shows passage of the Charcot paleo-fracture zone through the area. However,
there are no outstanding minor fault to indicate that the paleo fracture is still active. These datasets
enhance the geological understanding of the region, identify structurally controlled basins, and
delineate favourable zones for hydrocarbon exploration and development in the Niger Delta.
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I. INTRODUCTION

Aeromagnetic surveying has become one of the most efficient geophysical techniques for
delineating subsurface geological structures in sedimentary basins. Variations in the Earth’s
magnetic field often correspond to differences in lithology, faulting, or intrusions within the
basement. Mapping these variations helps infer the depth, geometry, and tectonic
framework of underlying rocks.

Measurements involving the use of magnetic survey are used in evaluating the magnetic
field at any point on the Earth’s surface. The method is non-destructive and measures the
susceptibility contrast of subsurface rocks. By delineating the subsurface structures due to
the difference in susceptibility, geologic inferences or interpretations which include
delineation of faults, fonds, lithology and depth can be made. Determination of depth to
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causative magnetic sources or the sedimentary thickness is primarily a topic of research by
geophysicists within the study area and environs for many years [26]. The aeromagnetic
data has proved to be very useful in delineating the structural architecture as well as the
depth to the basement.

Aeromagnetic method has become a very important reconnaissance tool for subsurface
structural Characterization, lineament mapping, and mineralization studies. The surveys
have provided, for example, preliminary insights by mapping regional and local structural
frameworks that control groundwater accumulation, such as fractures, faults, and
lineaments, which are difficult to resolve through resistivity method alone. In parts of South-
western Nigeria, and have used aeromagnetic data to reveal structural trends, deep-seated
fractures, and mineralized veins with direct hydrogeological implications, and at the same
time confirming that radiological hazards in such terrains remain below global thresholds.
Detection of geological lineaments (geological boundaries, contacts, fractures, and faults)
and their orientation can effectively be established by employing geophysical techniques.
Amid the airborne techniques, the aeromagnetic technique has been confirmed to have the
utmost resolution to the delineation of structural. Remarkable improvements in magnetic
data analysis and interpretation, in addition to the geological information, have enhanced
the understanding of linear features and their distribution patterns. This has led to a better
prospect of accurately mapping structures, detecting mineral and hydrothermal resource
deposits.

The Niger Delta Basin in southern Nigeria is a vast sedimentary province formed during Late
Cretaceous to Recent time as a result of rifting and subsequent subsidence following the
separation of the African and South American plates. The basin is composed of three main
lithostratigraphic units, the Akata, Agbada, and Benin Formations, whose interplay controls
hydrocarbon generation and accumulation. Bayelsa State occupies a central position in the
Delta and contains numerous oil fields that rely on accurate understanding of subsurface
structures. Previous aeromagnetic studies in neighbouring areas have mapped the regional
basement configuration and major fault zones. However, there remains limited high-
resolution coverage focusing specifically on Bayelsa State. This study therefore applies
detailed aeromagnetic data processing and interpretation to determine the magnetic
basement relief, identify lineaments, and evaluate sedimentary thickness across the area.
The ultimate aim is to enhance geological and hydrocarbon exploration models for the
region. The aeromagnetic interpretation of the study area has provided a preliminary but
coherent framework for understanding subsurface structural controls on groundwater
occurrence.

II. LITERATURE REVIEW
A. Geological Setting

The Niger Delta Basin developed on a rifted continental margin during the Late Cretaceous.
Its evolution was influenced by pre-existing fractures in the Benue Trough and the South
Atlantic transform systems. The Delta comprises thick sequences of marine shale’s,
sandstones, and unconsolidated alluvial deposits exceeding 12 km in total thickness. The
geology of the Niger Delta has been described in detail by various authors and they
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delineated basically three anachronous stratigraphic units via: the Akata Formation, Agbada
Formation and Benin Formation respectively.

The Niger Delta Basin was formed along a failed arm of a triple junction system that
originally developed during the separation of the South American from the African plates
during the Late Jurassic to Early Cretaceous. It is an extensional rift basin located in the
Niger Delta and the Gulf of Guinea on the passive continental margin near the western coast
of Nigeria. The Akata formation is an open marine facies unit dominated by under pressured
shale of 2000 to 4000m in thickness [9]. It is the oldest Formation and the age ranges from
Palaeocene to Eocene and is regarded as the principal source rock. It is a sequence of
planktonic foraminifera rich under compacted transgresses marine shale’s, clays and silts.
The Akata Shale’s are typically under compacted and frequently move either downward or
laterally along the continental shelf or in an upward diapered motion along faults, in
response to the lithostatic pressure of overlying sediments. The overlying Agbada Formation
consists of parallic sequence of alternating Lower Eocene to Pleistocene Sandstones and
sand bodies with shale intercalations. The Agbada Formation is the major petroleum bearing
unit in the Niger Delta. The thickness of the formation is over 3700m. The formation is
highly faulted with assays of rollover extensions induced growth faults, compensations listric
fault and high grade thrust fault depending on the belt of the Niger Delta. The Agbada
Formation is in turn overlain by the Benin formation, the uppermost and the youngest
lithostratigraphic unit of the Niger Delta Basin overlying the Agbada Formation and marking
the transition to fully continental deposition. This formation is dominantly a fluvial faces unit
of 90% sand/sandstone and clay intercalations that ranges from Miocene to Recent [9]. It
consists of Late Eocene to Recent massive porous and unconsolidated freshwater bearing
continental deposits including alluvial and upper coastal plain deposits. This youngest unit,
the Benin Formation, is dominated by continental sands and gravels that form major
aquifers. It has a variable thickness up to about 2000m in the basin centre but this can
differ laterally.

Structurally, the Delta is characterized by gravity-driven growth faults, rollover anticlines,
and shale diapirs. These features form traps that control oil and gas accumulations. Within
Bayelsa State, prominent tectonic trends run NE-SW and NW-SE, defining depocentres such
as the Nun River trough and the Yenagoa axis, Figure 1. The depth to basement and nature
of basement faults strongly influence local sedimentation patterns and hydrocarbon
potential.
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Figure 1: Map of the study area
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III. STUDIES AND METHODS
A. Data source and coverage

Aeromagnetic data covering parts of Bayelsa State were acquired from the Nigerian
Geological Survey Agency (NGSA). The aeromagnetic data presented are part of the
Nigeria’s nation-wide high-resolution geophysical data project. The dataset from airborne
magnetic survey was recorded at a flight altitude of 80 m and flight-line spacing of 500 m.
The study area extends between latitudes 4°45’ N and 5°30’ N and longitudes 6°00’ E to
6°45’ E, encompassing approximately 6940 km?2 area.

B. Data processing

The magnetic method is popularly used because of its ease and cheap approach for detecting
near-surface lineament. However, certain rocks have magnetic content to produce
reasonable magnetic anomalies. The data interpretation that shows differences of rock
magnetization present on a local scale is principally helpful for detecting lineaments (faults
and geologic contacts) Data pre-processing and enhancement were carried out using Oasis
montaj and Geosoft software packages. Processing steps included:

[1]. Gridding and Filtering: The raw total magnetic intensity (TMI) data were
interpolated to a 250 m grid using minimum-curvature gridding. The Reduction to
the Magnetic Equator (RTE) filter was also applied to the Total Magnetic Intensity
(TMI) data to correct for asymmetry in magnetic anomalies caused by low
magnetic inclination (0 - 20°) peculiar to equatorial regions.

[2]. Reduction to Equator (RTE): The RTE transformation re-centres anomalies over
their causative bodies to allow a more accurate delineation of subsurface
structures the study area lies close to the magnetic equator, RTE so
transformation was applied to centre magnetic anomalies directly over their
causative bodies.

[3]. Spectral Analysis: Spectral analysis of the aeromagnetic data was conducted to
estimate source depths and assess the vertical distribution of magnetized bodies
within the study area. The method employs the radial power spectrum technique,
wherein the Fourier transform converts spatial magnetic anomaly data into the
frequency domain, allowing the slope of distinct spectral segments to be related
to the depth of their causative sources. Two-dimensional fast Fourier transform
(2D-FFT) was used to separate deep and shallow magnetic components and
estimate average depths to basement.

[4]. First vertical-derivative: Derivatives (vertical) are based on the principle that the
rates of change of magnetic field are sensitive to rock susceptibilities near the
ground surface than at depth. First vertical derivative is physically equivalent to
measuring the magnetic field simultaneously at two points vertically above each
other, subtracting the data and dividing the result by the vertical spatial separation
of the measurement points. The first vertical derivative is employed to enhance
magnetic signatures. It pinpoints near-surface magnetic sources by magnifying
their anomalies and eliminating regional magnetic trends, making it simpler to
identify localized anomalies. Additionally, the FVD is used to detect high-frequency
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structures more confidently, particularly if they are covered by high amplitude and
low-frequency anomalies.

[5]. 2D Euler DE convolution: Euler DE convolution is a data enhancement technique
for estimating location and depth to magnetic anomaly source. It relates the
magnetic field and its gradient components to the location of the anomaly source
with the degree of homogeneity expressed as a structural index and is a suitable
method for delineating anomalies caused by isolated and multiple sources. The
Euler DE convolution is a process of inversion by least squares, from which the
anomalous magnetic field values and of one selected structural index aim to solve
the Euler equations, generating brief solutions for the depth and Structural Index.
Estimating depth to magnetic anomaly using Euler DE convolution involves:
Reduction to the pole, calculation of horizontal and vertical gradients of magnetic
field data, (in frequency domain), choosing window sizes and Structural Index.
The aeromagnetic anomaly map (magnetic signature map) and the Euler solutions
helped in identifying the nature, trend and depth of the magnetic source in these
locations. This method has been on the increase with the use of Euler DE
convolution method. The Euler DE convolution has become a popular choice
because the method assumes no particular geological model and has quick means
of turning magnetic field measurements into estimates of magnetic source body
location and depth. Euler solutions with a structural index of 0 were used to
compute localized depths and confirm fault geometries.

C. Interpretation approach

Interpretation involved visual correlation between filtered anomaly maps and computed
depth results. Magnetic lows were interpreted as thick sedimentary zones or depocentres,
while magnetic highs corresponded to uplifted basement or igneous intrusions. Lineaments
identified on derivative maps were interpreted as faults or fracture zones.

Iv. FINDINGS AND RESULTS

A. Total Magnetic Intensity (TMI) Map

The TMI map, Figure 2, displays magnetic intensity values ranging from about -80 nT to
+160 nT. The magnetic anomaly patterns show alternating high and low zones trending
NE-SW and NW-SE. The central portion around Yenagoa records relatively low magnetic
intensity, indicating thicker sedimentary cover, whereas northern and south-eastern zones
near Ogbia exhibit higher intensity due to shallow basement.

B. Reduced to Equator (RTE) Magnetic Map

Figure 3 shows the Reduced to Equator (RTE) magnetic intensity map. It provides an
enhanced view of the subsurface magnetic intensity distribution that corrected inclination
and declination of the Earth’s magnetic field so as to simulate measurements taken at the
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magnetic equator. Reduction to the equator is used in low magnetic latitudes to centre the
peak of magnetic anomalies over their sources, enhancing basement architecture including
structural lineaments with its orientations thereby making the data easier to interpret
without losing any geophysical meaning.
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Figure 2: Map of the study area
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Figure 3: Map of the study area

C. Spectral Analysis Results

Radially averaged power spectra of the residual magnetic field were computed for different
sub-areas, Figure 4. Two distinct depth sources were identified: Deep magnetic sources:
mean depths between 7.5 km and 12.0 km, representing the magnetic basement surface.
Shallow magnetic sources: mean depths of 1.0 km to 2.8 km, attributed to near-surface
ferruginous formations or intrusive bodies. The variation in basement depth indicates strong
structural control, with deeper sections forming sedimentary depocentres and shallower
zones corresponding to basement highs.
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D. Euler DE convolution Solutions

Euler depth solutions complement spectral estimates. Depths range from 4.2 km to 11.8
km, aligning well with spectral results, Figure 5. Fault planes derived from cluster trends
confirm NE-SW-oriented regional faults and NW-SE cross-faults that subdivide the basin
into structural blocks.
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E. Derivative Maps and Lineaments

Figure 6, the First vertical-derivative map enhances short-wavelength anomalies
corresponding to near-surface features. Several linear features were delineated, most
trending NE-SW, NW-SE, and E-W. These lineaments correspond to basement faults,
fracture zones, and possibly igneous dykes. The analytical-signal amplitude map shows
strong amplitude zones marking edges of magnetic bodies. The tilt-derivative map reveals
intersecting fault trends forming structural closures and potential hydrocarbon traps.
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Figure 6: First Vertical Derivative Map (FVD)
V. CONCLUSION

The aeromagnetic interpretation reveals that Bayelsa State is structurally complex,
reflecting multiple tectonic phases associated with the evolution of the Niger Delta. The
observed NE-SW and NW-SE magnetic trends correspond to the major fault systems
controlling deltaic subsidence and sedimentation. These directions are consistent with the
orientation of the continental fracture zones in the underlying Precambrian basement [30].
Tectonic implications and Hydrocarbon potential: The coincidence of magnetic lineaments
with mapped surface lineation suggests reactivation of basement faults during delta
procreation. The deep NE-SW faults appear to extend through the entire sedimentary
column, functioning as zones of weakness for hydrocarbon migration. NW-SE cross-faults
act as compartment boundaries, possibly explaining localized variations in oil field
productivity across Bayelsa State. Sedimentary thickness exceeding 10 km in the Amassoma
and Sagbara areas indicates high geothermal gradients favourable for source-rock
maturation. The intersection of NE-SW and E-W faults creates rollover anticlines and
structural closures ideal traps for hydrocarbon accumulation. Magnetic basement highs near
Ogbia and Kaiama may represent uplifted blocks that served as migration pathways or trap
boundaries. The results support earlier seismic interpretations that proposed multiple
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petroleum systems within the Niger Delta Basin. Thus, integrating aeromagnetic data with
seismic and well logs can refine subsurface models and optimize exploration drilling.

The aeromagnetic investigation of parts of Bayelsa State, Nigeria, has provided a
comprehensive view of the subsurface structural framework and basement morphology. The
major conclusions are summarized as follows:

Magnetic anomaly trends predominantly NE-SW and NW-SE indicate strong basement
structural control consistent with regional tectonic patterns. Depth-to-basement estimates
range from about 5 km to 12 km, signifying thick sedimentary sequences favourable for
petroleum generation. Derivative and analytical-signal maps delineate humerous lineaments
interpreted as faults and fracture zones that serve as hydrocarbon migration pathways.
Sedimentary depocentres around Amassoma and Sagbara represent potential targets for
further geophysical and drilling investigations. Integration of aeromagnetic results with
seismic and gravity data is recommended for robust subsurface interpretation.
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