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Abstract

In this study, geologic structures, as well as attendant orientations and sediment thickness, in the
Nigerian Obudu Complex were delineated using the Centre for Exploration Targeting (CET),
and depth determination methods such as source parameter imaging (SPI) and standard Euler
deconvolution (SED). The CET, SPI, and SED procedures were applied on the total magnetic
intensity data. Also, the enhanced TMI data using analytic signal, first-vertical derivative,
total-horizontal derivative, and tilt-angle derivative filters were further subjected to CET
operation, with the aim of mapping both subtle and prominent lineaments. In general, mapped
geologic structures trends in the NE-SW, NNE-SSW, E-W, and N-S directions. Overall, the
dominant geologic structural orientations of NE-SW and NNE-SSW reflect the regional strike
orientation. The regional striking of the lineation, which is caused by the Pan-African orogeny
and subsequent post-orogenic processes, has an impact on these orientations. The N-S and E-W
structural deviations from the main NE-SW and NNE-SSW trends are initiated by the YGS of
the post-orogenic events. Overall, these complex geologic structures are probable sites for
metallogenic minerals.

Keywords: Centre for Exploration Targeting; geologic structures; Obudu Basement rock; source
parameter imaging; standard Euler deconvolution

1. Introduction processes, assessing mineral potential, and locating hydro-
carbon reservoirs (Smith et al. 2018a; Kusky 2020, Elkha-
teeb et al. 2021, Pham et al. 2021a, 2021b, Eldosouky et al.
2022a, 2022b). Over the years, numerous methods have
been employed to delineate these structures, utilizing a range
of geological and geophysical techniques (Abdelrahman

Precise mapping of geologic structures plays a pivotal role
in the Earth sciences (Eldosouky et al. 2022a, Ekwok et al.
2023a, 2023b). Understanding the distribution and geom-
etry of subsurface features, such as folds, faults, fractures,
and intrusive rocks, is essential for deciphering tectonic
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et al., 2023a; Eldosouky et al. 2022b, 2022c; GSC 1992).
Traditional approaches to mapping subsurface structures
have relied on field observations, borehole data, and seismic
surveys (Richter 2017, Tselentis et al. 2020). While these
methods have proven effective, they are often associated with
limitations in terms of cost, accessibility, and resolution capa-
bilities (Tselentis et al. 2020, Ben et al. 2022a, 2022b).

In recent decades, magnetic data have emerged as a valu-
able and cost-effective tool for investigating geologic struc-
tures due to the wide availability, non-invasive nature, and
sensitivity to magnetic anomalies associated with various
subsurface features (Blakely 1996, Alfaifi et al. 2023). For
the purpose of outlining lineation using potential field tech-
niques, some enhancement filters have recently been de-
veloped (Ekwok et al. 2022a, 2022b). The two filters that
are most frequently employed for geologic structural stud-
ies are the analytic signal (ASIG) and total-horizontal deriva-
tive (THD) (Eldosouky et al. 2022b). These filters produce
somewhat diffuse lineament maps, however, they are fre-
quently used to qualitatively assess magnetic data (Prasad
et al. 2022). Nonetheless, in an attempt to overcome the set-
backs of conventional edge-detection techniques, numerous
alternative enhancement filters focused on potential field gra-
dients have been developed (Eldosouky et al. 2022b). The
tilt-derivative technique was developed by Fedi and Florio
(2001) and is centred on the arctan function of the verti-
cal gradient to THD ratio (Miller and Singh 1994), the tilt-
derivative of gradient amplitude, and the THD obtained by
averaging the vertical gradients. While Cooper and Cowan
(2006) established the normalized gradient-amplitude ap-
proach, other scholars such as Wijns et al. (2005) produced
the theta-method, which employs the gradient amplitude to
normalize the overall gradient. Other enhancement filters for
edge detection that depend on magnetic and gravity data are
well documented by Salem et al. (2007), plus the ones already
described.

On the whole, the ASIG is a mathematical transforma-
tion that offers a measure of the amplitude of the mag-
netic anomaly and its phase (Nabighian 1972). This filtering
technique is useful for mapping the boundaries of magnetic
sources, such as faults and geological contacts (Nabighian
1972). The TDR calculates the gradient of the potential field
data, emphasizing the steepness of the magnetic or gravity
gradient (Nabighian 1972). It helps in delineating structural
features and is mainly useful for identifying the boundaries
of subsurface geological bodies, which are often associated
with geologic structures like faults, dykes, and mineral de-
posits (Nabighian 1972). The THD is another geophysical
filtering technique that calculates the gradient only along the
horizontal directions, neglecting the vertical component of
the data (Roest et al. 1992). This filtering approach highlights
lateral changes in the magnetic or gravity data and can help
in mapping structures that are predominantly horizontal or

sub-horizontal in nature (Roest et al. 1992). However, the
FVD is a gradient filtering technique that highlights verti-
cal changes in the magnetic or gravity data (Nabighian et al.
2005). Unlike the THD, it emphasizes the vertical compo-
nent of potential field anomalies. The FVD is particularly
useful for identifying near-surface structures and can aid in
mapping shallow geological features (Nabighian et al. 2005).

Furthermore, an improved and very precise filter such as
the CET can accurately map lineaments originating from ver-
tical and horizontal magnetic anomalies (Kovesi 1991, 1997,
Lam et al. 1992, Holden et al. 2008, 2010). The CET em-
ploys advanced modelling techniques and geospatial anal-
ysis to identify areas with high mineral potential (Holden
et al. 2008). It aims to provide a holistic understanding of
geological processes and mineralization patterns to guide ex-
ploration efforts more effectively (Holden et al. 2010). Ac-
cording to Grose et al. (2017), the CET has recently been
at the forefront of research into fresh and inventive methods
for defining geologic structures using airborne potential field
data. The method has gained prominence for its cutting-edge
research in the realm of exploration and resource targeting
(Heal et al. 2014, Grose et al. 2017). While initially devel-
oped for mineral exploration (Jessell et al. 2016), the CET
applicability extends to mapping geologic structures with re-
markable accuracy (Smith et al. 2019). It can be applied to
diverse geophysical data sets, such as seismic, magnetic, or
gravity data, to derive a holistic understanding of subsurface
structures (Dentith and Mudge 2014, Smith et al. 2019). The
application of this improved technique allows for a compre-
hensive understanding of subsurface geological structures,
precise mapping, and interpretation (Heal et al. 2014 ), as well
as identification of subtle structural features that contribute
to a better understanding of the geological history of an area
(GSC 1992, Jessell et al. 2016). Recent studies have demon-
strated the efficacy of the CET method in analysing and in-
terpreting aeromagnetic data (Uwiduhaye et al. 2021, Ekwok
et al. 2022a).

Assessment of the position and depth of geologic anoma-
lies is one of the main uses of aeromagnetic data (Ekwok
et al. 2021). Traditionally, magnetic data have been utilized
in locating the depth to geologic structures for mineral ex-
ploration. By integrating two or more depth estimation tech-
niques (Salem and Ravat 2003), or by improving the signal-
to-noise ratio through the evaluation of derivatives of the
field (Davis and Li 2009), the issue of erroneous solutions in
depth estimation using various depth determination proce-
dures can be solved. According to Smith ef al. (1998), the SPI
and SED methods are not dependent on any geologic model
assumptions. As a result, the use of these methods has greatly
simplified the process of interpreting magnetic data (Smith
etal. 1998).

This research offers a wide-ranging analysis of the applica-
tion of CET on TMI, and enhanced magnetic data subjected
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Figure 1. Geologic map of the study area.

to FVD, ASIG, THD, and TDR filters. Furthermore, the SPI
(Thurston and Smith 1997) and SED (Reid et al. 1990), were
applied on the reduced TMI data. The application of these
advanced techniques on the aeromagnetic data resulted to
the identification and interpretation of lineaments, as well
as the generation of depth solution maps, which proved use-
ful for mineral exploration targeting in the Obudu Basement
Complex of Nigeria. A significant advancement in the analy-
sis involves the interpretation of structural maps in conjunc-
tion with geological information of the study location (Roest
et al. 1992, Nabighian et al. 2005, Thompson et al. 2019,
Kusky 2020). The structural complexity maps are expected
to identify zones of metallogenic minerals connected to hy-
drothermal modifications and structural control triggered by
intrusives (Ekwok et al. 2022a).

2. Location, geology, and tectonics of the Obudu
Basement

The Obudu Basement rocks of southeastern Nigeria encom-
pass a significant geological formation that provides valu-
able insights into the region’s geological history (Asouzu and
Onyeagocha 2013, Obiora et al. 2016). Geographically, the
investigated region, which is positioned in the southeast-
ern part of Nigeria, is dominated by an extensive outcrop of
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ancient crystalline rocks that form the basement of the
sedimentary Benue Trough (Nwankwo 2009). This area is
sited approximately between longitudes 8° 30'~9° 30 E and
latitudes 6°30"-7°00" N (Fig. 1).

According to geological studies, the rocks that make up
the Obudu Basement are made up of a wide variety of
rock types, including granite, gneiss, schist, amphibolite, and
migmatite (Ajibade et al. 2010, Asouzu and Onyeagocha
2013, Obiora et al. 2016). These rocks, which belong to
the Nigerian Precambrian Basement Complex, constitute the
oldest (Asouzu and Onyeagocha 2013). These deformations
have produced a variety of structural features, such as folds,
faults, and shear zones, which have influenced the present-
day geometry of the rocks (Ajibade ef al. 2010, Asouzu and
Onyeagocha 2013). According to Obiora et al. (2016), these
fault systems resulted to a substantial impact on the tectonic
evolution and structural development of the basement rocks.

The Basement Complex s further classified into two main
units: the OGS and the YGS (Nwankwo 2009, Ajibade et al.
2010, Asouzu and Onyeagocha 2013, Obiora et al. 2016).

The Older Granite Suite within the Obudu Basement
rocks is predominantly composed of medium- to coarse-
grained biotite and muscovite granites (Nwankwo 2009,
Asouzu and Onyeagocha 2013, Obiora et al. 2016). These
granites exhibit a variety of textures, ranging from porphyritic
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Figure 2. Total magnetic intensity map.

to equigranular (Asouzu and Onyeagocha 2013, Obiora et al.
2016). The YGS, on the other hand, comprises fine- to
medium-grained biotite and muscovite granites, as well as
granodiorites and syenites. These granites often display dis-
tinctive porphyritic textures (Asouzu and Onyeagocha 2013,
Obiora et al. 2016).

Tectonically, the Obudu Basement rocks have undergone
complex deformation processes throughout their geologi-
cal history (Asouzu and Onyeagocha 2013, Obiora et al.
2016). A number of tectonic events, including the Pan-
African orogeny and later post-orogenic activity, have had an
impact on the area (Ajibade et al. 2010). The Pan-African
orogeny, which occurred around 600-500 million years ago,
led to the formation of mountain belts and the amalgama-
tion of different continental blocks in West Africa (Nwankwo
2009).

The Obudu Basement rocks have witnessed severe tecton-
ism throughout the Pan-African orogeny, resulting in folding,
faulting, and metamorphism (Nwankwo 2009). The rocks
exhibit a polyphase deformation history, reflecting multiple
episodes of tectonic activity.

3. Data collection and methodology

The airborne magnetic data used in this study to map
the structural complexity of the Precambrian Obudu Base-
ment Complex were collected by Fugro Airborne Services,
Canada, from 2005 to 2010. The data were measured us-
ing a flux-adjusting surface data assimilation system with a
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flight-line spacing of 100 m, tie line spacing of 500 m, and
terrain clearance of between 80 and 100 m along 826 000
lines. The flight-line direction was basically NW-SE whereas
the tie lines, which were intended to traverse the lead-
ing geological strike bearing, were oriented mainly NE-
SW. The measured data were filtered, and all the required
reductions were carried out by Fugro Airborne Services,
Canada, before been submitted in gridded and digitized for-
mat to the Nigerian Geological Survey Agency (NGSA).
These modern data (Fig. 2) obtained from NGSA at sub-
sidized rate were observed to be suitable for hydrocarbon
and mineral explorations as well as mapping of geological
structures.

In this investigation, standard magnetic data enhancement
techniques such as the ASIG, FVD, THD, and TDR were ap-
plied (Fig. 3). The gridded results from these filter proce-
dures were further enhanced using the CET. The magnetic
dataset is enhanced using filtering procedures that carefully
magnify the anomalies from geological sources (Milligan and
Gunn 1997).

Computing the FVD during magnetic investigation has
similar advantages to directly detecting the vertical gradient
with a magnetic gradiometer, including enhancing shallow
magnetic bodies and improving the resolution of the sources
(Pal and Majumdar 2015). The nth derivative is expression
as

F(w) = o",

(1)
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Figure 3. (a) ASIG, (b) first-vertical derivative, (c) THD, and (d) tilt-angle derivative maps.

The THD, which is defined as follows, is an extensively
applied edge-detection filter (Blakely 1996):

oAN>  [aa\']®
THD,. , = (—) +(Z£) |, 2
(%) Ox <ay> ()

where ‘;—T and ';—T are the two orthogonal horizontal deriva-
X

tives of the magéetic data, and the magnetic anomaly is A.

The ASIG produces maximum responses over magnetic
sources (Nabighian 1972, 1984). As a result of the typical
difficulty commonly associated with the reduction-to-pole
operation, this method is often utilized at low magnetic lat-
itudes. Roest ef al. (1992) used the three orthogonal deriva-
tives of the magnetic data to determine the amplitude of the
ASIG:

0AN:  [0A\  [0A\2

the measured magnetic data defined by A in Equation
(3).

The TDR is less sensitive to noise than other enhance-
ment techniques that use higher order derivatives. It serves
as a marker for the boundaries of geologic features that con-
tribute to magnetic anomalies. The TDR is described as
the anomalies’ vertical derivative divided by their horizontal
derivative. The formula is as follows:

P4

0=tan'=—5 (4)
THD(W)

The steps involved in CET analysis include structural
complexity, lineation detection, texture analysis, and lin-
eation vectorization procedures. These programs can be used
for a variety of tasks, including grid texture analysis, edge
detection, thresholding, lineament recognition, and locating
structurally complicated regions (Kovesi 1991, 1997, Lam
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Figure 4. The flow chart of the CET algorithm applied to magnetic data.

et al. 1992) (Fig. 4). The detailed trend detection menu is
designed specifically for the detection of discontinuities in
magnetic and gravity data. Entropy and standard deviation
are two distinct methods (i.e. ridges and edges in the texture)
for estimating trends that are included in this menu (Kovesi
1991, 1997, Lam et al. 1992).

Within localized windows of a dataset, the entropy plugin
offers a measurement of the textural information. It quantifies
the data into discrete bins to determine the total number of
discrete values that resulted from that quantization (Holden
et al. 2008, 2010). This analysis is used to determine the sta-
tistical unpredictability of neighbourhood data values. As-
signed a definite number of bins, n, for a particular cell I in
a k X k sized neighbourhood, for a histogram and calculate
the entropy as follows (Holden et al. 2008, 2010):

E=—) PlogP, (%)
i=1

where the histogram of # bins has been normalized to pro-
duce the probability P.

The standard deviation provides an approximation of the
local data discrepancy. For each grid cell, the standard devia-
tion of the nearby data values is determined. When compared
to the background signal, significant features frequently show
great fluctuation. For a window with N cells and a mean value
of y, the standard deviation o of the cell values ¥, is

)
I

DICEE (6)

Source parameter imaging (SPI) typically generates the
outputs of images from which depth to magnetic sources

can be measured (Smith ef al. 1998). According to Smith
et al. (1998), this procedure examines the qualities of the sec-
ond vertical derivative, and analytical signal responses. The
analysis can provide a suitable geologic model, and unlike
the standard Euler deconvolution (SED) (Smith et al. 1998),
the depth estimate is non-reliant on any assumptions made
on the geologic model. In addition, a reduction-to-pole fil-
ter does not need to be applied to the input grid because
the approximated depth results are independent of the an-
gle of declination and inclination of the magnetic field. When
one has a thorough understanding of the local geology, mag-
netic data interpretation techniques become noticeably eas-
ier (Thurston and Smith 1997). The wavelength of the ASIG
is typically where SPI approximations of depth come from.
The ASIG based on Nabighian (1972), A, (x, z) is given as

OM (x,z) OM (x,2)
—j )

A (xz) =
1(2) Ox 0z

(7)

j is the imaginary number, x and z are Cartesian coordinates
for the horizontal and the vertical directions perpendicular to
the strike, respectively, and M(x, z) is the magnitude of the
anomalous total magnetic field.

The Euler homogeneity equation offers apparent depth to
the magnetic sources. This procedure relates the magnetic
field and its gradient components to the position of magnetic
anomaly, with the degree of homogeneity defined as a ‘struc-
tural index’. The Euler’s homogeneity equation for magnetic
data can be expressed as

9T _NB-T),
0z

(8)
where (x,, y,, z,) is the location of the magnetic body whose
total field (T) is observed at (x, y, z). N, a measurement of the
magnetic field fall-off rate, can be taken to be the structural in-
dex (SI), and B is the local magnetic field. The approach en-
tails choosing a suitable SI value and resolving the equation
for the best x,, y,, z,, and B using least-square inversion. Ad-
ditionally, a square window size that designates the number
of gridded data cells to be employed in the inversion at each
chosen solution must be supplied.

oT oT
(x=2x0) ==+ (v —30) == (2 — 2)
ox dy

4. Results

The application of the CET method in this study enabled the
generation of widespread subsurface geological structures,
detailed mapping, and interpretation (Heal et al. 2014). The
results of this research have enhanced the understanding of
the complex structural pattern of the study area. Applying
the CET grid analysis, favourable exploration targets can be
mapped within the Precambrian Obudu Basement Complex
or along lithological contacts between the OGS and the YGS
(Nwankwo 2009, Ajibade et al. 2010). By using the CET
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Figure 5. CET filter applied on total magnetic intensity data.

Figure 6. CET filter applied on first-vertical derivative gridded data.

approach on the TMI data, FVD, THD, TDR, and ASIG
grids, these geologic features were examined. The analysis
ultimately resulted in the construction of a detailed struc-
tural complexity map, which is very useful for mineral explo-
rations.

The CET result obtained from the TMI data (Fig. S)
showed dominant NE-SW and minor E-W orientation of
lineation. Figure 6 shows the result of the CET procedure
applied on the FVD grid. The orientation of lineation within
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the same study area trend in mainly E-W and NE-SW
orientations with minor N-S and NNE-SSW directions.
These slight variations from the dominant NE-SW trend
may be due to the enhancement of near-surface magnetic
sources (Ekwok et al. 2020b; Reeves et al. 1997). Further-
more, the application of CET on THD (Fig. 7), TDR (Fig. 8),
and ASIG (Fig. 9) show trends of N-S, NE-SW, NNE-
SSW, and E-W orientations. In general, the predominant
geologic structural orientation of NE-SW and NNE-SSW
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Figure 8. CET filter applied on tilt-angle derivative gridded data.

revealed by the rose petals represents the regional strike ori-
entation. The principal strike orientation in the Lower Be-
nue Trough and Obudu Basement Complex is represented by
the rose petals in Figs. Sb, 6b, 7b, 8b, and 9b in the NE-SW
and NNE-SSW. The Pan-African orogeny and subsequent
post-orogenic events caused the NE and NNE lineaments to
strike regionally (Nwankwo 2009, Ajibade et al. 2010). The
complex pattern of the structural maps (Figs. Sa, 6a, 7a, 8a,
and 9a) is a reflection of polyphase deformations caused

by tectonic activity (Asouzu and Onyeagocha 2013). These
deformations have formed various structural features, such
as folds, faults, and shear zones, which have influenced the
geometry of the rocks (Ajibade et al. 2010, Asouzu and
Onyeagocha 2013).

To evaluate the depth solutions of these lineation in the
Obudu Basement area, the SPI and SED (with SI = 1) were
employed. Fig. 10 displays depth that varied from —76.6 to
—583.3 m and indicated that the mapped structural features
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(Figs. Sb, 6b, 7b, 8b, and 9b) are shallowly placed not be-
yond 583.3 m. The results from earlier studies (Ekwok et al.
2021, Eldosouky et al. 2022a) are in agreement with these
depth solutions. The SPI and conventional SED results dis-
play a wide range of colours that correspond to different base-
ment depths in the research region. The SPI (Fig. 10a) indi-
cates thin (pink-yellow), intermediate (yellow-lemon green),
and thick (lemon green-blue) sedimentary cover of —46.6
to —95.0 m, —95.0 to —189.7 m, and —189.7 to —583.3 m,
respectively. According to Thurston ef al. (2000), the SPI
map legend bar negative sign denotes a depth measurement
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that is downward from the Earth’s surface. Likewise, the
SED (Fig. 10b) displays depth variations of —76.6 to
129.0 m (blue-lemon green), 129.0 to 197.2 m (lemon
green-yellow), and 197.2 to 510.5 m (yellow-pink) for thin,
intermediate, and thick sedimentary covers, respectively.
Areas characterized by thick sedimentation coincide with lo-
cations of deep valleys and depressions occupied by weath-
ered materials from the elevated parts of the study area. Base-
ment rocks with a cover were revealed in Fig. 10b with an
estimated outcrop height of 76.6 m. In general, the inves-
tigated area is predominated by thin and highly weathered
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sedimentary materials overlying complex structural features
caused by Pan-African orogeny and successive post-orogenic
events (Nwankwo 2009, Ajibade et al. 2010).

S. Discussion

A significant advancement in the CET involves the inter-
pretation of magnetic results with geological and struc-
tural information (Uwiduhaye et al. 2021). Combining these
datasets makes it possible to generate an in-depth under-
standing of the lineaments, leading to an increased proba-
bility of precisely identifying mineral and hydrothermal re-
source deposits (Ekwok et al. 2020, Uwiduhaye et al. 2021,
Bencharef et al. 2022, Mahdi et al. 2022). These methods
have resulted in the successful identification of geological
structures that are viable for mineral exploration (Ekwok
et al. 2021, 2022a; Kharbish et al. 2022, Abdelrahman et al.
2023b).

This investigation, which was carried out in the Precam-
brian Obudu Basement Complex, showed how well the CET
grid analysis method works for deciphering and evaluating
aeromagnetic data. The detection and interpretation of lin-
eaments with different orientations, including the NE-SW,
NNE-SSW, N-S, and E-W orientations, were made possi-
ble by this cutting-edge technique when it was applied to the
processed and augmented aeromagnetic datasets (Figs. 5—
9). Comparatively, from the observed CET results obtained
from the various enhanced grids, note that Figs. S and 7-
9 generated more reliable complex structural patterns, than
Fig. 6. Generally, the leading geologic structural orienta-
tions of NE-SW and NNE-SSW, as characterized by the
rose petals, reveal the regional strike orientation. The ad-
joining Cretaceous sediments of the Lower Benue Trough
have been reported to be characterized by similar structural
patterns (Ekwok et al. 2022a). The regional geologic study
by Benkhelil (1987) revealed that the key structural config-
uration of the Obudu Basement Complex, Benue Trough,
and Abakaliki Anticlinorium is in the NE-SW direction,
while some E-W and N-S§ lineament orientations are re-
garded as transverse geologic structures to the predominant
NE-SW and NNE-SSW fractures that serve as weak zones
for massive invasion of the OGS (Asouzu and Onyeagocha
2013, Obiora et al. 2016) by granites, dolerites, and quartzo-
feldspathic (Haruna 2017). The massive invasion of the
OGS by the YGS resulted in a series of metamorphism
(Nwankwo 2009), folds, faults, and shear zones (Ajibade
et al. 2010, Asouzu and Onyeagocha 2013) with N-S, NNE-
SSW, NW-SE, NE-WS, and E-W arrangements, reflect-
ing the regional strike of lineaments associated with the
Pan-African orogeny and succeeding post-orogenic events
(Ajibade et al. 2010). The polyphase deformational history
of the basement rocks reflects various occurrences of tectonic
events (Asouzu and Onyeagocha 2013) that have influenced

the geometry of the basement rocks (Ajibade et al. 2010,
Asouzu and Onyeagocha 2013). According to reports, lin-
eaments within tectonically active zones act as depositional
structures for igneous-related minerals and migratory path-
ways for hydrothermal fluids (GSC 1992, Airo 2002, USGS
2013). Magmatism and mineralization are linked, accord-
ing to several investigations (e.g. GSC 1992, Ekwok et al.
2020a; Airo 2002, Haruna 2017). Therefore, it is believed
that vast quantities of metallogenic minerals in the studied
area are under the influence of magmatic intrusions. The
metallogeny of the Nigerian basement rocks (Orajaka 1973,
Olade 1980, Woakes et al. 1987, Haruna 2017) have been in-
vestigated and properly documented. Ekwok et al. (2022a)
reported that the study area is dominated by tectonother-
mal events, and these are characterized by long and short
wavelength magnetic anomalies of geologic origin. Within
the area, dense concentrations of short wavelength anoma-
lies were reported to be caused by tectonisms (Ekwok et al.
2021), and these results agreed with the findings obtained
by Oha et al. (2016). The adjoining Lower Benue Trough
have been described by preceding researchers (Oha et al.
2016, Ekwok et al. 2020) to be hydrothermally altered and
characterized by faults, fractures, fissures, dykes, sills, and
baked Albian shales (Akpan et al. 2023). Within the south-
east of Nigeria, various enhancement operations carried out
on potential field data could be mapped to the N-S trend-
ing Santonian Abakaliki Anticlinorium (Benkhelil 1987,
Oha et al. 2016), NE-SW dominant trend of lineaments
(Ekwok et al. 2021, 2022a, 2020) Quaternary-Recent
basaltic intrusions (Akpan et al. 2016, 2018), and the Pre-
cambrian Obudu Basement Complex has been reported to
be rich in magnetite and intruded by dolerites, granites,
and quartzo-feldspathic (Woakes et al. 1987, Haruna 2017,
Agbi and Ekwueme 2018). The previously reported linea-
ments trend of the majorly NE-SW direction agrees with the
key orientation of geologic structures reported this research.
Conceivably, the intruded YGS extends to the upper mantle
(Haruna 2017), which is possibly the source of hydrothermal
fluids (that is, super enriched metalliferous brines) (USGS
2013, Mineral Resources of the Western US 2017).

The thin sedimentary cover (not exceeding $83.3 m)
detected in the study location (which agrees with the finding
of Ekwok ef al. 2020a), is caused by the extensive occurrence
of the basement in outcrop sections (Haruna 2017). The
depth results (Fig. 10), which agree relatively well with each
other, indicate regions of thick sedimentation (—189.7 to
—583.3 m) that match with the positions of valleys and
depressions filled with weathered materials. By contrast,
depth estimations in the adjoining Lower Benue Trough
were reported in the range of 2500 to 8000 m (Ofoegbu
and Onuoha 1991, Uma 1998, Oha et al. 2016 etc.). Also,
the depth to shallow sources within the southeast of Nigeria
were earlier observed to be generally <600 m (Uma 1998,
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Oha et al. 2016). The depth solutions (—189.7 to —583.3 m)
obtained in this study correlate relatively well with previous
findings (Uma 1998, Oha et al. 2016). Such areas with thin
sedimentary sections were observed to coincide locations
like the Obudu Basement Complex and the massively in-
vaded Albian shales by the Santonian intrusions (Ofoegbu
and Onuoha 1991, Uma 1998, Oha et al. 2016). Generally,
the depth results from this study show that the geologic
structures occur close the surface of the Earth.

6. Conclusion

This study demonstrates the use of the CET method to anal-
yse magnetic intensity data and derive geologic structural
orientations from the Obudu Basement Complex, Nigeria.
The results highlight dominant NNE-SSW and NE-SW
trends of lineation, along with minor N-S and E-W orien-
tations within the study location. The slight deviation from
the dominant NNE-SSW and NE-SW trends s attributed to
the enhanced influence of near-surface igneous intrusions
of the YGS of the post-orogenic events. Furthermore, the
analysis of CET-derived structural maps from TMI, ASIG,
FVD, THD, and TDR revealed comprehensive structural
trends, further emphasizing the complex nature of the geo-
logic structures. The main NNE-SSW and NE-SW orienta-
tions signify the major strike directions in the Precambrian
Basement Complex, reflecting the regional strike of linea-
ments associated with the Pan-African orogeny and subse-
quent post-orogenic activities. These findings enhance our
understanding of the structural evolution as well as geo-
logical processes within the investigated area. Furthermore,
depth assessment involving SPI and SED methods revealed
sediment coverage in the range of —76.6 to —583.3 m. Gen-
erally, the thin sedimentation (<583.3 m) observed in the
investigated location is a result of widespread basement out-
crops. In general, these complex geologic structures occur as
near-surface features, and they are potential sites for metallo-
genic minerals.
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