Journal of Sedimentary Environments (2023) 8:491-505
https://doi.org/10.1007/543217-023-00145-7

RESEARCH q

Check for
updates

Retrospective appurtenance of Euler and Werner deconvolution
contiguity for source depth excogitation of Bouguer anomalies
in the Benue Trough, Nigeria

A.J. llozobhie' - J. S. Ejepu? - A. Szafarczyk® - O. E. Agbasi* - N. J. Inyang*® - D. I. Eu®

Received: 13 May 2023 / Revised: 9 July 2023 / Accepted: 15 July 2023 / Published online: 26 July 2023
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract

The leading cause of the glaring inexplicable errors in the accuracy of depth to anomaly assessments may be the technical
challenge of the Euler deconvolution method from gravity surveys to perspicuously exhilarate the shape of major granitoid,
tectonic lineaments, and local and regional fault systems without the existence of cogent correlative analytical simulation
tools. That enigma becomes cumbersome with the increased existence of significantly incoherent density contrast between
altered rocks or structures and their host rocks. That erudition aims to conduct a retrospective comparative analysis of the
Euler and Werner deconvolution methods for effective depth excogitation of Bouguer anomalies in the Benue Trough, Nige-
ria. Comparing the previously acquired Werner deconvolution for deep and shallow source data to the detailed and compre-
hensive results of the Euler deconvolution gave the desired results. The study utilized various filtering techniques to analyze
Bouguer anomalies and develop derivative grids to identify distinct subsurface features, such as sedimentary formations,
alluvial deposit zones, and regions with high- and low-density rock minerals. Results of the comparative analysis of Euler
and Werner deep source gave a minimum of 7.17 km for block 8 and a maximum of 19.8 km for block 15 for Euler. It gave
a minimum of 6.89 km for block 9 and a maximum of 21.4 km for block 15. The deep source trend result gave a relatively
stable deep source signal from blocks 1 to 9; while, there was inconsistency for blocks 10 and 11, then with a sudden increase
in signal strength. This inconsistency is perhaps due to the complexity of the anomaly and inconsistency detected using both
methods for depth resolution. Observations showed a similar trend for shallow source results. Suggestions showed that the
region has potential for hydrocarbon and economic mineral exploration, making it attractive for further geologic studies.
Future gravity simulators should have multiple deconvolution windows to improve modeling accuracy. That can have valu-
able implications for Nigeria's oil and gas industry and other regions with similar geological characteristics.
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1 Introduction

Communicated by H. Chaves

The gravity method is a geophysical survey technique used to
measure the gravitational field and detect density variations
by indicating the presence of different materials or struc-
tures. This method is valuable for creating maps and models
of subsurface materials without drilling or excavation. The
gravity survey can be performed on land or in the air, with
the airborne method being advantageous in areas that are
difficult to access, such as bodies of water (Olurin et al.,
2015; Reid & Thurston, 2014; Wright, 1976). To obtain a
more detailed understanding of these variations, geophysi-
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cists use various techniques to analyze the data. One such
technique is the 3D analytic signal method, which enhances
the anomalies and provides a clearer subsurface image. This
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method is advantageous in identifying small features, such
as faults and fractures that may not be visible in the raw
data. Another technique is Werner deconvolution, which
estimates the depth of the sources of gravity anomalies by
removing the effects of the Earth's curvature from the data.
This method is particularly useful in regions with complex
geology and uneven topography. 3D Euler deconvolution
is another popular technique for estimating the depth of
gravity sources (Likkason, 2007; Stavrev, 1997). It uses the
Euler homogeneity equation to determine the location and
depth of the sources. This method is beneficial in identify-
ing the depth of multiple sources spaced. Multiple Source
Werner deconvolution is a more advanced technique that can
estimate the depth and geometry of multiple sources with
different shapes and sizes (Falconer, 1911; Naidu, 1968).
This method combines the Werner and Euler deconvolution
methods to provide a more accurate and detailed interpreta-
tion of the subsurface. The choice of technique depends on
the subsurface variation's complexity and the study's specific
objective. Combining of these techniques can obtain a more
comprehensive understanding of the subsurface variations
and provide insights into the geological processes that have
shaped the Earth's crust (Kamba & Ahmed, 2017; Sawata
et al., 2019).

Qualitative interpretation of gravity data involves identi-
fying patterns and trends in the data to describe the underly-
ing geological structures that cause the anomalies. The inter-
pretation typically involves a visual data analysis to identify
the anomalies' location, shape, and orientation and infer their
geological significance. Identifying geological features cor-
responding to gravity anomalies can provide insights into the
subsurface geological processes, such as faulting, folding,
and magma intrusion. On the other hand, quantitative inter-
pretations involve mathematical techniques to estimate the
numerical values of the depths and dimensions of anomalous
sources. These techniques typically involve the inversion of
gravity data to derive a 3D model of the subsurface den-
sity distribution, from which the depth and geometry of the
anomalous sources can be estimated (Biswas et al., 2017,
Nicolas, 2009; Thompson, 1982).

The accuracy of the quantitative interpretation depends
on the quality of the gravity data, the choice of the inversion
algorithm, and the prior information used in the modeling
process. The quantitative interpretation is particularly useful
for resource exploration, as it provides estimates of the geo-
logic contacts, lineaments, and dykes of potential mineral
and hydrocarbon deposits.

The 3D Euler deconvolution technique is commonly used
to estimate the depths to anomalies of causative bodies (Lay-
ade et al., 2020). This technique is based on the Euler homo-
geneity equation, which relates the depth, location, and size
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of a gravity source. By applying this equation to the grav-
ity data, it is possible to estimate the depths of subsurface
structures and geological features (Egu and Ilozobhie, 2020).
The gravity method itself is based on two laws proposed by
Sir Isaac Newton in 1867 (Hartman et al., 1971; Layade
et al., 2015; Spector & Grant, 1970a, 1970b). The attrac-
tion between two bodies of known masses is described by
the first law, sometimes referred to as the law of universal
gravitation. The applied force and the rate at which a body’s
momentum changes are related by the second law sometimes
referred to as the law of motion. These laws form the founda-
tion of the gravity method and provide the theoretical frame-
work for interpreting gravity data. The 3D Euler deconvolu-
tion technique is particularly useful in identifying the depth
of multiple sources that are closely spaced. It can also be
used to estimate the geometry of subsurface structures, such
as faults and fractures, which can provide valuable informa-
tion about the tectonic history of an area (Reid et al., 1990;
Mickus and Hinojosa, 2001; Revees, 2005). The use of the
3D Euler deconvolution technique in gravity surveys has
greatly improved our understanding of the subsurface vari-
ations and the geological processes that shape the Earth's
crust. It has also enabled us to locate valuable mineral and
energy resources and make informed decisions about land
use and development (Adegoke & Layade, 2019; Ilozobhie
& Egu, 2021; Obiora et al., 2018; Olowofela et al., 2013).

The main issue is that, qualitatively, the gravity data
cannot be properly evaluated to outline, analyze, and iden-
tify certain significant subsurface characteristics revealed
by survey findings that may link geologic formations and
structures creating anomalies (Ngozi et al., 2019). Errors
due to qualitative interpretation perhaps during data input,
simulation runs, and modeling techniques of the gravity
simulator are probably the technical bane of actual estima-
tion and deciphering of depths to geologic formations and
structure-yielding anomalies. The presence of more notice-
able density differences between changed rocks or structures
and their host rocks may make this problem more difficult
(Ofoha et al., 2016). The inability of most gravity survey
results using only the Euler deconvolution method to reflect
the shape of major granitoid, tectonic lineaments, and local
and regional fault systems, the nonexistence of effective cor-
relative comparative analysis is perhaps the main reason for
the numerous technical deficiencies in the quality of depth to
anomaly evaluation. This problem constitutes compounding
errors of uncertainties for the basin experts for petroleum
geology, sedimentology, mineralogy, petrology, mining, and
petroleum engineers (Oghuma et al., 2015).

This study aims to carry out a retrospective comparative
analysis of the Euler and Werner deconvolution for effec-
tive depth excogitation of Bouguer anomalies in the middle
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Benue trough, Nigeria. This is achieved by comparing the
previously acquired Werner deconvolution deep and shallow
source data to the detailed and comprehensive results of the
Euler deconvolution. This astute evaluation is essential to
reducing errors due to avoidable uncertainties and discrepan-
cies in deconvolution techniques. The accurate determina-
tion of depth to the source of anomalies detected in gravity
data is crucial in geological exploration and resource exploi-
tation. Bouguer anomalies are commonly used in geophysi-
cal surveys to identify areas with anomalous variations in
gravity (Nabighian, 1972; Telford et al., 1990). However,
the interpretation of these anomalies can be challenging due
to their complex nature and the uncertainty associated with
their source depths. This study will provide insights into
the subsurface geological structures and contribute to the
development of effective exploration strategies for mineral
and hydrocarbon resources in the region.

2 Geology of the study area

The study area lies between latitude 7.00°N and 8.00°N,
and longitude 8.00°E and 9.00°E within the middle Benue
Trough. The middle Benue Trough is a linear terrain that is
mostly flat or mildly undulating. Albian rocks that produced
the Keana Anticline can be seen there. The Kadarko Basin to
the north and the Wukari Basin to the south, both of which
exhibit minor deformations, surround the region. The Benue

Trough’s other regions are divided from the Abakaliki area
by the “Gboko Line.” (Ofoegbu, 1983; Benkhelil, 1989).

The Asu River Group, largely made of green silty shales
with occasional siltstones and fine-grained sandstones, rep-
resents the Albian stage within the middle Benue Trough.
It is surrounded by the Awe Formation. The fossiliferous
marine series of the Turonian era are widespread in the
Benue Trough. The Turonian stage is represented in the
middle Benue regions by the Eze Aku Formation, which
is made up of hard, gray and black calcareous shale, lime-
stone, and siltstone. Sandstone can change from shale in
some places. The bluish-gray Awgu Shale, which is com-
posed of fine-grained carbonaceous limestone layers and
occasionally contains Agbani Sandstones, lies on top of the
Eze Aku Formation(Igwe & Okoro, 2016). Ammonites from
the Turonian period may be found in the formation’s bottom
portion, which corresponds to the early Coniacian stage. The
dips of these structures usually do not exceed 30° and mostly
run parallel to the Trough border in a northeast-to-southwest
direction (Anudu et al., 2014). The sinistral migration along
NE-SW shear zones is evident from the echelon arrange-
ment of the fold axes caused by this deformation.

During the Palacocene epoch, volcanic activity occurred
in the middle Benue Trough, resulting in the emplacement of
basic to intermediate volcanic rocks within the sedimentary
layers. These volcanic rocks include basalts, phonolites, and
trachytes and are found in the form of small cones, plugs,
lava sheets, and tuffs, with limited distribution throughout
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the region. The Awe, Arufu, and Makurdi areas have the
most significant concentration of these volcanic rocks (Umu-
koro & Akanbi, 2014). In addition, the Makurdi area has
Turonian shales and sandstones, while Oturkpo has shales
that contain basaltic lava and dolerite sills in alternating lay-
ers. The surface geology of the research area is depicted in
Fig. 1. Due to numerous tectonic and volcanic events, the
geology of the study region is complex and features a diverse
range of rock formations and properties.

Multiple studies, such as Nwosu (2014), Umukoro and
Akanbi (2014), Oghuma et al. (2015), and Layade et al.
(2015), have reported that the study area consists of vari-
ous types of rocks, including crystalline basement rocks,
younger granites, sedimentary rocks, and volcanic rocks.
Specifically, the northern and southern regions of the parts
are underlain by crystalline basement rocks, which belong
to the Northern Nigerian Basement Complex and the East-
ern Nigerian Basement Complex, respectively. The Migma-
tite—Gneiss Complex and the Older Granites are two groups
of these crystalline basement rocks, also referred to as Pan-
African Granitoids.

The Migmatite—Gneiss Complex, which comprises mig-
matites, gneisses, and schists, ranges in age from the Meso-
archaean to the Neoproterozoic, spanning from 3200 million
years ago (Ma) to 542 Ma. The Older Granites, on the other
hand, are Pan-African and date back to the Neoproterozoic
to Early Paleozoic era, spanning from 600 to 200 Ma (Van-
breemen et al., 1977). These granitoids comprise of gran-
ites, diorites, and dolerites. During the Pan-African tectonic
events, which occurred from 600 to 200 Ma, the earlier gran-
ites invaded and distorted the Migmatite—Gneiss Complex
(Hesham & Hesham, 2016). In the northwest region of the
study area are the Mada and Afu ring complexes, which are
younger, high-level anorogenic granites that range in age
from 210 to 145 Ma, corresponding to the Triassic—Juras-
sic era (Hesham & Hesham, 2016). These younger granites
consist mainly of microgranites and biotite granites and are
found near the margin of the trough (Hansen & Simmonds,
1993; Phillips et al., 1998).

3 Methodology

The Bureau Gravimetrique Internationale (BGI) provided
the gravity statistics for the study area, which were used to
generate the Bouguer anomaly map. The map was initially
created using the Universal Transverse Mercator (UTM)
Zone 32 Northing projection and was later reprojected to
UTM Zone 31 Northing. To identify the deep, middle, and
shallow anomalous gravity sources in the study area, two-
dimensional fast Fourier transform (FFT2D) filter within
the MAGMAP, module of Oasis Montaj (version 8.4) soft-
ware, was applied to the Bouguer anomaly grid. (Reford &
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Summer, 1964). The obtained Radially Average Power Spec-
trum (RAPS) enabled appropriate visualization of the depth-
dependent responses of the gravity field. Each segment rep-
resents the gravity response at different depths. The slope of
the line segment is proportional to the depth. To enhance the
shallow signals in the residual anomaly map, a high-pass fil-
ter was applied, and a Regional-Residual separation method
was employed. To create residual maps of the first, second,
third, and other higher degrees, the polynomial trend tech-
nique was used in the Regional-Residual separation process.
The intricacy of the local geology influences this polyno-
mial’s order to some extent. The Bouguer anomaly map was
used to guide the polynomial surfaces in accordance with an
algorithm created by Spector and Grant in 1970. The analyti-
cal least squares approach and the polynomial decomposi-
tion series are both used in this algorithm. The residual was
created by deducting the regional field from the gravitational
field that was actually measured. The cut-off wave number
was set to 0.02 cycles/km, and the intermediate and shallow
sources were processed as the residual anomaly, which was
derived from the Bouguer gravity field. This approach was
reported in previous studies by Whitehead and Musselman
(2005) and Reid et al. (2014).

Once the residual anomaly map was obtained, a derivative
was taken along the X-axis to illustrate the variation of the
gravitational anomaly for horizontal distance. An analytic
signal map was also generated to identify the boundaries of
anomalous sources and geological constraints. Despite its
high noise level, the analytic signal map was extended 1 km
uphill to improve its clarity. Additionally, a two-dimensional
fast Fourier transform (FFT2D) was employed to emphasize
features associated with shallow causes (Rivas, 2009; Roest
et al., 1992; Zahra and Oweis, 2016).

To locate the gravity source, the 3D Euler deconvolution
method was utilized, which relies on homogeneity equations
that connect the gradient components of the potential field
to the source location. The degree of the structural complex-
ity of the gravity sources is quantified using the structural
index (SI) n, which can range from 0 to 2. Various theoreti-
cal shapes of gravity sources are associated with different SI
values, including a sphere with 7=2, a vertical line termina-
tion (pipe) with #=1, a horizontal line (cylinder) withn=1,
a thin bed fault with =1, and a thin sheet edge with #=0.

The shape and position of the gravity sources may be
determined, and it offers a helpful framework for investigat-
ing gravity anomalies. Equation 1 defines the 3D Standard
Euler equation for the potential field.

dr dar dr dTr dr dr
X 4y 4 2 T =X, + 7, + 2,5 + b
dx dx dz T Odx " %dy °dz g

(D
The base level is b, and the measurement point con-
tains coordinates of x, y, and z. The coordinates X, Y,, and

o’
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Fig.2 Cut-off wave number and

RADIALLY AVERAGED POWER SPECTRUM

intermediate/shallow sources

in the residual anomaly from
Bouguer gravity field 0 10
Deep source:s (3.95 km)
S 0 0 I
?_.‘:/ Shallow sources (0.65 km) z
10 & D ﬁoise) 0
wﬂvﬂ‘ﬁ“‘ — ﬁM
-20 ) v; 3 3 5 20
DEPTH ESTIMATE
;:\ g w5l ) 00 S e e e T8 G e N e @ A 1§ E MR XSS S S E 0w 2
S ' =
< 3\ k-
";a .. - .ll.a P R P N N TR B I 4 PR R I o ....................... 5 ’=_'
o =
-\ A I ] k- . ; Z
_-'-Ir_l 4 [l'l i, At Mg A Ill". k rl| h, I\ “. l' FiY |'I Y ]I oA, L1
— 3 q 2

Z,, identify the source location, while T denotes the total
potential field. Several structural indices of 0, 1, and 2 were
investigated to compute the standard Euler deconvolution
solutions, but only SI equal to 1 produced a geologically
significant result. This shows that features like faults, con-
tacts, and thin sheet edges may be present in the region
(dikes). A 3000 by 3000 m square window was employed,
and it includes several grid cells from the gridded dataset.
A lower size would not have given enough information on
the sources’ depth while using a bigger window size would
have resulted in a loss of spatial resolution.

4 Werner deconvolution technique

The expression for a dike’s equation, which may be
expressed as follows, make up the core theoretical equations
of the Werner deconvolution technique:

F()_A(x—xo)+BZ )
X) = (x_xD)2+Z2’ ()

where F stands for the total magnetic field intensity at loca-
tion x, which is the length of a profile that crosses a dike.
The distance horizontally along the profile from the point
just above the top of the dike to its depth (z) is x,. The

-

Wavenumber(1/K_unit)

variables A and B depend on the direction and magnetiza-
tion of the dike. A, B, x,, and z is the four unknown values
that need to be determined.

Werner emphasizes that the equation may be rearranged
into a particular form in a simple case where observations
are made in a level plane across infinitely long and deep-
level bodies with a striking perpendicular to the profile's
direction.

X F(x) = ay + a;x + byF (x) + b;xF(x), 3)

where ay = —Ax) + Bz, a; = A, by = —x; — 22 and b; = 2x,.
By evaluating all four field points at once, a system of
equations may be constructed to determine values for ay, a,,
by, and b,. These numbers enable the equation to be solved
for x,, z, A, and B.
The depth and position of the dike’s top are related to the
equation’s parameters, on the other hand.

Xp = %bl and z = +4/—4b, — b%. 4)

When there are four unknowns, a, a,, by, and b; may
be found by simultaneously solving equations for the four
x values and their associated F values. From there, x, and
z can be computed. This geometric solution is sufficient to
ascertain the depth to the top of the dike or thin sheet in
simpler situations.
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Fig.3 Residual Bouguer anomaly map of the study area

However, adding an interference term in the form of a
polynomial Cy + C;x + C,x* + --- + C,x" to the magnetic
anomaly, the equation can increase the precision of the esti-
mated physical quantities x_0, z, A, and B when interference
is a possibility and can be represented by a polynomial to a
certain degree.

A(x - xo) + B,
F)= ———F——+Cy+ Cix + o + - + C,x".
(x—x,)" +2%
&)
@ Springer

Residual Bouguer Anomaly

The coefficients of an interference polynomial are denoted
by Cs, and the polynomial's order is n. Since there are (n+5)
unknowns, it takes (n+ 5) points to get the answers.

Source bodies can be divided into two categories for
straightforward interpretation. Body types belonging to the
first category have a depth from the observation plane that
is about equal to their breadth. Since it is difficult to pin-
point their boundaries with any degree of certainty, these
are known as thin bodies. The second category consists of
entities with a significant amount of lateral extension and
distinct edges. For the total magnetic field produced by thin
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Fig.4 Energy spectra for Blocks 1 (a) and 3 (b)

dikes with any dip, Werner (1953) offered an equation, and
Hartman et al. (1971) replicated Werner's interpretation of
the equations.

The Werner deconvolution operator is used as a moving
window in the Werner deconvolution analysis to continu-
ously solve for four unknowns along a profile. The window
size, which influences the estimated depth of the anomaly;
its movement on the profile, which impacts the number
of solutions produced; and other characteristics that weed
out noise-induced spurious solutions are among the opera-
tor’s parameters. These features of the methodology were
explained by Megwara and Udensi (2014). Basement rocks
often have higher magnetic susceptibilities than sedimen-
tary rocks. Therefore, variations in magnetic strength over
basement complexes might be caused by the sedimentary
structure, volcanic bodies within the basement or basin, or
modifications in the susceptibilities of the materials inside
the basement itself (Behrendt and Klitgord, 1980). As a
result, one potential use for basement complexes is to utilize

magnetic data to determine the depth of a magnetic source
Fig. 2

5 Results and discussion
5.1 Qualitative treatment

The results of the regional Bouguer anomaly gave a range of
— 27.688mgal from the northwest and increased diagonally
in the south-eastern direction to approximately a maximum
of 6.155mgal as shown in Fig. 3. Areal overview estimate
shows that the study environment is about 80.37% embedded
with negative gravity anomalies.

The residual map for the separated Bouguer anomaly
grid is shown in Fig. 3. This map reveals the variations in
the gravity field that are not accounted for by the expected
gravity field due to the earth’s shape and rotation. Results
of the residual Bouguer anomaly map gave a range from a
minimum of — 12.911 mgal in the northern and south-east-
ern regions and a maximum of 12.106 mgal in the eastern
region. Across the study area, there is an even distribution
of both negative and positive anomalies. However, there are
more concentrated signals of negative anomalies ranging
from — 3.656 mgal to — 0.739 mgal. On the other hand, the
least negative anomaly is found in fewer locations and is
sparsely distributed throughout the study area.

Gravity readings in the Bouguer anomaly field, range
from — 27.688 mGal to 6.155 mGal. The anomaly map
shows greater gravimetric values in the area's southeast,
which is consistent with lithological changes below ground.
On the other hand, the area’s lithology’s intra-basement
showed poor gravimetric values in the northern, southwest-
ern, and northwestern parts. When compared to the geo-
logical map of the research area, the predominance of high
gravity values in the southeast suggests a potential undiffer-
entiated gneiss complex, which is mostly composed of schist
in the Gboko, Konshish, and Ushongo regions.

Results of energy spectra for blocks 1 and 3 for the
gravity signal frequency (cycle/km) gave a declining gravi-
tational spectral energy from+ 10 to — 15 at a frequency
of approximately 2.3 cycle/km as shown in Fig. 4a. Depth
profiles of + 10.4 and + 1.38 were also predicted indicating
the magnitudes of deep and shallow depth sources. Results
of spectral energy with frequency profile for block 3 gave
a similar declining trend of gravitational energy, but the
depth profiles gave + 10.3 and + 1.24 as shown in Fig. 4b.
The anomaly was filtered to reveal characteristics linked
to intermediate and shorter wavelengths. This implies that
the data were processed in a way that enhanced the fea-
tures in the anomaly that correspond to wavelengths of
intermediate and shorter lengths.
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Fig.5 First vertical derivative map of the study area

The residual anomaly grid was also processed to pro-
duce the First vertical derivative along the X-direction.
Results of the first vertical derivative gave a range from a
minimum of — 0.001 mgal/m. This appears to be sparsely
located in the north-central and south-eastern regions,
while +0.001 mgal/m is densely located in the region as
shown in Fig. 5.

The results of the analytical signal gave a range from
-0.0 to a maximum of 0.001 mgal/m. This is densely located
across the study area as shown in Fig. 5.

@ Springer

However, the analytic signal map was observed to have
some noise, so it was further processed by extending its
upward to a height of 1 km. Results of upward continua-
tion at 1 km analytic signal gave a range from a minimum
of — 32.002 mgal to a maximum of 10.879 mgal as shown
in Fig. 6. The least gravitational signal of — 32.002 mgal
is located in the north-central while the maximum signal
is largely concentrated in the southeast.

This result was obtained to enhance the clarity of the
anomalous sources and geological boundaries in the data.
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Fig.6 Analytic signal map of the study area

The 3D standard Euler equation was utilized to com-
pute the structural index (SI) values ranging from O to 2
for gravity sources. The SI values provided insight into
the possible geometries of various theoretical structures,
including spheres, vertical line ends (pipes), horizontal
lines (cylinders), thin bed faults, and thin sheet edges
Fig. 7

However, it was observed that only SI=1 gave outputs
with geologically important outcomes. According to Ikeh

et al., (2017); Nwogwugwu et al., (2017) and Abdullahi
et al., (2019), the region may be identified by characteris-
tics including faults, contacts, and thin sheet edges (dikes).

Results of the Euler depth solution gave a depth range
from — 5607.391 m to a maximum of — 185.004 m as shown
in Fig. 8. These depths are closely packed together in the
northwest, northeast, southwest, and southeast regions of
the study area. It also gave a minimum of 7.17 km for block
8 to a maximum of 19.8 km for block 15 for the deep source
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Fig.7 Upward continuation to 1 km of analytic signal map of the study area

as shown in Table 1. It also gave a minimum of 1.16 km
for block 13 to a maximum of 3.05 km for block 7 for the
shallow source. It was observed that the depth range of
1,000-2,000 m densely populated the entire regions of the
study area Fig. 9

This outcome displays an inferred lineament map of geo-
logical structures, confirming the presence of geological
features like faults, dikes, and/or sills in the study region.
The results support the hypothesis that the basement grav-
ity anomalies examined in this study offer a trustworthy

@ Springer

representation of the sedimentary thickness (Epuh et al.,
2020). Further geological research and exploration efforts
in the area will benefit from these discoveries, which also
point to opportunities for hydrocarbon exploration and eco-
nomic mineral exploration (including barite, cadmium, coal,
copper, gypsum, lead, silver, and zinc) (Emujakporue et al.,
2018).

Euler technique results showed variations in density
contrast of the underlying geological features in the study
region. The geological formations in the area and their
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Fig. 8 Euler depth solutions for the study area

potential for natural resource exploitation can be better
understood with the use of this knowledge.

Comparative results of the Euler and Werner deconvolu-
tion analysis were done using the deep and shallow source
depths (km). Results of the comparative analysis of Euler
and Werner deep source gave a minimum of 2.79 km for
block 12 and a maximum of 5.83 km for block 9 for Euler.
It gave a minimum of 3.89 km for block 9 and a maximum
of 8.37 km for block 2 as shown in Table 2. The deep source

trend result show a relatively stable deep source signal from
Blocks 3 to 8 while there was inconsistency for Blocks 1 and
2, then with a sudden increase in signal strength. This incon-
sistency is perhaps due to the complexity of the anomaly and
inconsistency detected using both methods of deconvolution
for depth resolution.

Comparative results for shallow source signals of the
Euler and Werner gave a declining trend of shallow source
signals from blocks 1 to 15 as shown in Table 2. The
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Table 1 Euler depth solution for
the study area

Fig.9 Lineamnet map of the
study area

@ Springer

discrepancy was, however, observed at blocks 3, 6, 7, and 15

Block Deep Shallow
Source source which also confirms the concerns of the authors for the need
(km) (km) to seriously consider the application of at least two decon-
1 574 0363 volution techniques for validating and ensuring improved
2 353 0332 quality of result obtained from gravity anomaly depth signal
3 4.41 0.432 sources. .
4 419 0353 The results obtained from the study of the area suggest that
5 437 0263 there are promising prospects for hydrocarbon exploration
6 387 035 based on the depths of the basement gravity sources. The
7 406 0462 findings also indicate that the area has the potential for the
3 304 0399 exploration of valuable economic minerals. This information
9 583 0458 could be extremely valuable for further geological studies
10 545 0472 and exploration activities in the region. With this knowledge,
1 454 0351 researchers and exploration companies can focus their efforts
12 279 0.402 and resources on areas with the highest potential for successful
13 39 0.644 exploration and exploitation. The economic benefits of these
14 426 0395 activities could be significant, not just for the local area, but
15 445 065 for the wider economy as well. These findings also contribute
to the understanding of the geology of the region, which could
have implications for other fields such as environmental
management and disaster risk reduction.
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Table 2 Euler and Werner deep source for the study area

Blocks Eulerdeep Werner deep Euler shallow Werner shal-
source (km) source (km) source (km)  low source

(km)

1 5.74 7.26 0.363 1.02

2 3.53 8.37 0.332 0.82

3 4.41 8.25 0.432 0.91

4 4.19 6.47 0.353 1.59

5 4.37 7.19 0.263 1.25

6 3.87 6.34 0.35 1.76

7 4.06 7.07 0.462 1.86

8 3.94 4.03 0.399 0.98

9 5.83 3.89 0.458 0.86

10 5.45 6.23 0.472 0.74

11 4.54 6.06 0.351 1.65

12 2.79 5.65 0.402 0.93

13 3.90 7.03 0.644 0.86

14 4.26 542 0.395 0.78

15 4.45 7.14 0.650 0.74

6 Conclusion

The gravity method is a geophysical survey technique
used to measure the gravitational field and detect density
variations by indicating the presence of different materials
or structures In hindsight, this study aims to assess how
well Euler and Werner's deconvolution techniques work
to estimate the depth of Bouguer anomalies in the middle
Benue trough, Nigeria. Precise anomaly source depth
determination is essential for geological investigation
and resource development. Due to their complexity and
ambiguous source depths, Bouguer anomalies, often used in
geophysical surveys present difficulties. The development of
effective exploration techniques for the region’s mineral and
hydrocarbon resources will be facilitated by the research's
insightful insights into underlying geological features.

The filtering techniques employed in the study
have allowed for a more in-depth understanding of the
geological features of the study area. By analyzing the
Bouguer anomaly map and the Radially Average Power
Spectrum (RAPS), the researchers were able to identify
distinct characteristics of the basement and sedimentary
formations.

This study provides valuable insights into the geological
formations and potential for hydrocarbon exploration in
the region, which could aid further exploration activities
and geological studies. The use of advanced filtering
techniques and derivative grids in combination with
Euler deconvolution has allowed for a more detailed
interpretation of the subsurface structures and anomalies
in the study area. The findings of this study could have

significant implications for the oil and gas industry
in Nigeria and other regions with similar geological
characteristics.

The significant finding of this astute erudition is the
understanding and development of an improved, easier and
more effective subsurface structures and anomalies from a
detailed comparison of the Euler and Werner deconvolution
principles. The improved interpretation and calculation are a
valuable data asset for the exploration of both hydrocarbons
and economic minerals.

In contribution to knowledge, this manner of approach is
a milestone for the need for improved deconvolution tech-
niques and a versatile tool for improved literature and further
research in this dynamic area to reduce the magnitude of
subsurface uncertainties. The promises offered to knowledge
are with tremendous technical precision with an innovative
approach.
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