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Abstract

Aerogravity anomalies in the Anambra Basin, Nigeria, were
analysed for lithostratigraphic and depth characterization.
The Bouguer gravity data were enhanced, gridded, and the
regional anomalies isolated from the residual anomaly by a
second-order polynomial fit. The residual anomalies were
interpreted by contouring, modelling and depth estimation
using inverse and forward modelling and standard Euler
deconvolution operation of the Oasis Montaj Software. The
contour map shows low gravity values 0f—19.5 mGal to zero
for subsurface formations in the western, central and north-

eastern parts of the regions indicating formations with low
density mass. High density subsurface formations with
gravity values up to 24.1 mgals are found in the northern,
south-eastern, eastern and north-eastern parts of the region.
The subsurface formation hosts syncline and anticline
structures with faults. Sedimentary depths range from 342 m
to 9260 km. This also reflects the depth to basement in the
region. These sedimentation depths imply favourable
hydrocarbon sources and habitats as is common in the
country.
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1. Introduction

The gravity method of geophysical prospecting is a technique of measuring variations in the earth's gravitational field either on
land, sea, or air (Mariita, 2010; Dobrine, 2010) 1+ °l, Land and sea surveys are limited to measurements along selected profiles
on land or sea while airborne covers both. According to Igwe et al. (2018) % an airborne or aerogravity exploration enables
the geophysicist to optimally design the survey to address the study targets without limitation of ground access. Additional
advantage is the rapid rate of data acquisition and its use in populated settings. Relatively, it is a cheap, non-invasive and non-
destructive remote sensing method for measuring differences in the earth's gravitational field at specific locations.

Gravity is a potential field, which means it acts at a distance. As a result, it is passive because no artificial energy input is
required to acquire data. The strength of the gravitational field is directly proportional to the mass and the density of subsurface
materials and these values change along a profile (Al-Saadi and Baban, 2014) [, The information from underlying rock
densities can be used for interpretation of subsurface formations hence the success of this method is dependent on the different
bulk densities (mass) of the earth materials, which cause variations in the measured gravitational field. The depth, geometry,
and density that caused the gravity field variations can be determined using a variety of analytical processes. The gravity data
for most subsurface formation interpretation is the Bouguer gravity anomaly (Petit et al., 2002). It is an aggregate of the
regional and residual gravity anomalies within a given area. This anomaly is interpreted in a variety of ways that include
manually inspecting the grid or profiles for variations in the gravitational field to more complex methods of separation of the
gravity anomaly due to an object of interest from other gravity anomalies. Several applications of the method can be found in
the works of; Zhang et al. (2015) B31; Alrefaee (2017) BI; Eke and Nelson (2020, 2021) *3: Chouhan (2020) [l; Chouhan et al.
(2020) I'l; Njeudjang et al. (2020) '3 and Wang et al. (2021) (321,

One important role of the method is in the recognition of sedimentary basins (Ali et al. 2014) B! and structures in which
hydrocarbons are entrapped (Tschirhart et al., 2017) B4, Usually, basements have higher density contrast compared to the
sedimentary formations above it where hydrocarbons commonly occur (Selley and Sonnenberg, 2015) B, In the sedimentary
basins, basement faults are structurally important because they influence and determine the overall basin architecture, oil and
gas traps and groundwater flow patterns.
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The Anambra Basin is one of the major basins in Nigeria
with potentials for hydrocarbons in its sedimentary section
(Oha et al., 2016; Obasi et al., 2017; Okpoli, 2019) 2% 17, 221,
However, despite several studies in the basin, the input from
the gravity method is not much in terms of interpretation of
regional basement structures, determination of basement
depths, sedimentary thickness, and its hydrocarbon
potentials (Olagundoye et al., 2021) 2%, Additionally, the
basin has not been fully exploited, so structural information
on the basement and sedimentary thickness are needed to
improve the exploration of these resources. To improve on
the available subsurface information in this region, airborne
gravity data of the region obtained from BGI is analysed
quantitatively to obtain information on structural types,
basement sedimentary thickness and hydrocarbon potential
of the basin.

Anambra basin is located approximately between longitudes
6° 30" E and 8° 00'E and latitudes 5° 00°N and 8° 00'N (Fig
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1). The basin covers an area of more than 30, 000 km? and
contains more than 2 km of Cretaceous marine, paralic, and
deltaic facies sediments in out-cropping sections that extend
into adjacent tectonic basins such as the Abakaliki Trough,
the Afikpo Syncline, and the Calabar Flank (Babatunde,
2010; Abubakar, 2014). The Basin is situated at the south-
western extremity of the Benue Trough. It is bounded to the
west by the Precambrian basement complex rocks of
western Nigeria, to the east by the Abakaliki Anticlinorium
(Obaje, 2009; Onyekuru et al, 2010) 16 26, The north and
south boundaries of the Anambra Basin are defined by the
Niger hinge line and the Niger Delta hinge line, respectively
(Odunze and Obi, 2013) 9, Ekine and Onuoha (2008) (1%
recognize the northern boundary of the basin to coincide
with the limit of exposure of the Maastrichtian sediments
and the southern boundary to be at Onitsha, which is the
northernmost limit of the Tertiary-Present Niger Delta
Basin.
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Tertiary volcanics

I: Cretaceous

Benin Flank
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Fig 1: Geological map of Nigeria showing the Anambra Basin which is the study area (Obaje, 2009) [1¢]

As documented by Obi et al. (2001) ! and Oboh-lkuenobe
et al. (2005) [*9 sedimentation in the trough was controlled
by three major tectonic phases, giving rise to three
successive depocenters. The first phase (Albian—Santonian)
featured the deposition of the Asu River Group, Eze-Aku
and Awgu Formations within the Abakaliki-Benue Trough
which was flanked to the east by the Anambra Platform and
to the southwest by the lkpe Platform (Obi et al, 2001;
Oboh-Ikuenobe et al, 2005) [& 19 The second phase
(Campanian-Eocene) was characterised by compressive
movements along the NE-SW axis which resulted in the
folding and uplift of the Trough into an anticlinorium. This
forced the Anambra Platform to subside and formed the
Anambra Basin and the Afikpo Syncline. The deposition of
the Nkporo Group, Mamu Formation, Ajali Sandstone,
Nsukka Formation, Imo Formation and the Ameki Group
then followed. The third sedimentary phase credited for the
formation of the petroliferous Niger Delta commenced in
the late Eocene as a result of a major earth movement that
structurally inverted the Abakaliki region and displaced the

Depositional axis further to the Anambra Basin (Obi et al,
2001) (81,

The Basin consists of four lithostratigraphic units as
reported by Dim et al. (2017) [, Sedimentation in the began
in the Campanian with a short marine transgression
depositing the units of the Nkporo Group (Owelli
Formation, Nkporo Formation, Enugu Formation), which
consists of carbonaceous shales and sandstone members of
deltaic origin (Odunze and Obi 2013) %, This unit is
overlain by the coal-bearing Mamu Formation deposited in
the Late Campanian to Early Maastrichtian, at the beginning
of a regressive phase. It consists of alternating sandstones,
sandy shales and mudstones, with interbedded sub-
bituminous coal seams (Akande et al., 2007). Overlying the
Mamu Formation is the Ajali Formation, which comprises
predominantly interbeds of clay laminae and the Nsukka
Formation of mid-to-late Maastrichtian age. The Nsukka
Formation consists of dark shales and sandstones, with thin
coal seams that mark the beginning of the transgression that
led into the formation of the Niger Delta Basin in the early
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Paleogene (Onuoha and Dim, 2016). The sediment packages
were deposited during a regressive cycle (relative sea-level
fall) within fluvio-tidal, deltaic, shelfal and marine settings
(Dim et al. 2017) . Sedimentation thickness of over 9 km
has been reported in the region (Olubayo, 2016) 241,

2. Materials and methods

The digitised Bouguer gravity data for this work was
obtained from the gravity database of Bureau Gravimetrique
International (http://bgi.cnes.fr) covering areas in the
Anambra Basin. The zipped data was extracted and
enhanced, gridded (Obiora et al., 2020) and the regional
anomalies separated from the residual anomaly by a second-
order polynomial fit before interpretations. Depth estimation
was by forward and inverse modelling and Euler depth
method using Oasis Montaj Software. To facilitate the
application of these Fourier transform (FT)-based
techniques and to minimise distortions of the gravity field
that is found in the sampling, the gridded data was used to
produce maps projected onto Universal Transverse Mercator
(UTM). Based on prior knowledge of the depth to basement
in the region, a best polynomial fittings based on Mishra
(2018) was used to focus on the local and regional
anomalies respectively with the regional gravity obtained
from the second order polynomial operation,

www.multiresearchjournal.com
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The residual anomalies were interpreted by contouring,
modelling and Euler deconvolution to estimate the depths to
the anomalous bodies from the relation,

or or or or or er
X—+y—+z—+nNT=x,—+y,—+z,—+nb
ox oy oz ox oy 0z 2

Where X, y, and z are the coordinates of a measuring point;
Xo, Yo and zo are the coordinates of the source location whose
total field is detected at X, y, and z; b is a base level; 7 is
structural index (SI) and T is potential field (Adegoke and
Layade, 2019; Reid et al., 2014) [ 21 A contour map
interval of 5mGal was constructed and some points selected
for inverse and forward modelling.

3. Results and discussions

Fig 2 is the Bouguer base map of the basin with the Bouguer
gravity contours and selected portions for modelling. The
Bouguer gravity contour depicts the gravity range of -19.9
mGal to 24.1 mGal within the region with arrows indicating
the subsurface structural trending in the region.
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Fig 2: Bouguer gravity grid map showing the locations of four profiles

Fig 3 to 6 are the model results of selected portions 1 to 4 in Fig 3 using sphere and dyke models.
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Fig 3: Model result of point 1 (a) Using a sphere model at 90° (b) Using a sphere model at 0° (c) Using a dyke model at 90° (d) using a dyke

model at 0°
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Fig 4: Model result of point 2 (a) Using a sphere model at 90°. (b) Using a sphere model at 0° (c) Using a dyke model at 90° (d) using a dyke

model at 0°
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Fig 5: Model result of point 3 (a) Using a sphere model at 90°. (b) Using a sphere model at 0° (c) Using a dyke model at 90° (d) using a dyke

model at 0°
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b

Fig 6: Model result of point 4 (a) Using a sphere model at 90°. (b) Using a sphere model at 0° (c) Using a dyke model at 90° (d) using a dyke

model at 0°

Table 1 is a summary of the modelled results for points 1, 2, 3 and 4.

Table 1: Models summary and their respective depths to anomalous bodies

Model|Model Shape| Depth to Anomalous bodies/m | Density contrast of the formations |Root Mean square error| Possible cause of anomaly
! SSSEZE g%i 8:322 8j§§§ Anticline \ Faulted Anticline
2 SdPSE;e Zg% gggg iggg Syncline \ Faulted Syncline
3 Sgcli;e 5% 0424 Sad Faulted Anticline
4 SSSﬁZE égig 8(1)52 §§Z§ Faulted Anticline

850000 900000 950000

750000 800000

000052

650000 700000

Bl

000059  00000Z

T

700000

T 1 ¥ —
750000 800000 850000

Scale: 1: 2315378

degrees
WGS 84

B
=
1.
=
]
=
=
3 =
=]
=

metres

Fig 7: Sediment depth thickness depth range from Euler 3D estimate
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The Euler depth estimate from the programme iteration is
shown in Fig 7 with sediment thickness range of over 9000
m.

The contour map (Fig 2) shows the subsurface gravity
variations and the structural trends in the study area with
subsurface structures with low gravity values of between
—19.5mGal to zero. These structures can be found in the
western, central and north-eastern parts of the regions.
These are subsurface formations with low density mass
while high density subsurface formations with gravity
values up to 24.1 mgals can be found in the northern, south-
eastern, eastern and north-eastern parts of the region. The
clustering and circular contours are indicative of spherical
anomalies attributed to synclines and anticlines bodies
(Prieto, 1996) [% while the long narrow patterns are
indicative of dyke related structures modelled in the central,
southwestern and northwestern parts of the basin. East-West
trending structures can also be found in the western part of
the basin, while southwest-northeast trending formations can
be found in the southern and northeastern parts of the
region.

The model results summarised in Table 1 show anticline and
syncline stratigraphic structures with faults. The strike
angles suggest strike-slip faults and faulted anticlines which
are observed in models 1, 3 and 4, while faulted synclines
are observed in model 2. From the results of the modelling,
the density contrast (0.073 — 0.848 g/cm3) of the anomalous
bodies and sedimentary thickness of 2556 m to 8497 m, the
formations are potential hydrocarbon sources and traps. The
positive density is an indication that the anomalous body has
a higher density than the host rock or surrounding layer
while the negative density shows that the anomalous body
has a lower density than the surrounding host rock or layer.
The positive gravity anomalies are associated with the
simple folded symmetrical anticline and normal faulted
anticline structures in the region.

The Euler depths estimate (Fig 7) shows that the depth
estimates in this region range from 342 m to 9260 m. This is
in agreement with the depth ranges from previous works of
Adetona and Abu (2013) @ and Olubayo (2016) 4. This
also implies that the sedimentary depths are favourable for
hydrocarbon maturation and generation (lheanacho, 2010;
Olubayo, 2016) 24, These depths also reflect the depth to
the basement in the various parts of the Anambra basin with
a maximum depth to basement of 9260 m obtained.

4. Conclusion

This study uses high-resolution aerogravity data to
characterise the lithostratigraphy and depth of the Anambra
Basin in southeastern Nigeria. The goal of this research was
to determine the structural types and sedimentary thickness
in the Anambra basin, with implications for hydrocarbon
potentials. The findings indicate that low density mass
formations are found in the western, central and north-
eastern parts of the regions while high density subsurface
formations can be found in the northern, south-eastern,
eastern and north-eastern parts of the region. Faulted
syncline and anticline bodies are found in the southwestern
and northwestern parts of the basin with east-west trending
structures found in the western part of the basin, while
southwest-northeast trending formations can be found in the
southern and northeastern parts of the region. The
sedimentary thickness and depths to basement range from
342 m to 9260 m in the basin.
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