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In the context of geological research, the delineation of structural lineaments beneath 

sedimentary basins is pivotal for understanding subsurface features. This study presents 

a comprehensive analysis of the Garoua sedimentary basin (GSB) utilizing the high-

resolution SGG-UGM-2 model, which offers a refined depiction of the Earth's gravity 

field. The primary objective was to elucidate the structural lineaments underpinning the 

basin. To achieve this, a suite of advanced edge-detection filters was employed, including 

the analytical signal, the total horizontal gradient, a modified version of the tilt angle, the 

gradient amplitude’s tilt angle, and the fast sigmoid function. Each method was 

meticulously applied to the gravity data covering the Garoua basin. The application of 

these techniques was critically evaluated, focusing on their effectiveness in enhancing the 

resolution and clarity of the detected structural features. The results indicated that the fast 

sigmoid function filter exhibited superior performance, delineating more distinct edges 

with a notable absence of fictitious anomalies. This filter demonstrated a unique 

capability in balancing the anomalies attributed to both shallow and deep sources, thereby 

providing a more precise localization of edge structures within the basin. The ensuing 

structural map, primarily oriented along the NW-SE and ENE-WSW axes, emerges as a 

crucial resource. It offers invaluable insights for further investigations into potential 

hydrocarbon accumulations and groundwater sources. By pinpointing favorable locations 

for the existence or emergence of these resources, this map enhances the efficiency of 

exploratory efforts in the Garoua basin. The findings underscore the efficacy of the fast 

sigmoid function filter in geological studies, particularly in the context of gravity data 

analysis. This approach not only refines the understanding of subsurface structures but 

also paves the way for more targeted and effective exploration strategies in sedimentary 

environments. 
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1. INTRODUCTION

The Benue Trough's genesis is traced back to the South 

Atlantic's opening, following Gondwana's fragmentation. This 

geological feature initiates at the Gulf of Guinea, bifurcating 

into two distinct branches: the Gongola branch, extending into 

Nigeria, and the Yola-Garoua branch, which spans into 

Cameroon, encompassing the GSB and its associated satellite 

basins, namely, Babouri-Figuil, Mayo Oulo-Léré, 

Hamakoussou, and Koum (Figure 1). 

Extensive studies have been conducted on the subsurface 

structure of the entire Benue Trough, leveraging magnetic and 

gravity data for interpretation. Previous works [1-5] have 

significantly contributed to this domain. The GSB, noted as 

one of Cameroon's most critical sedimentary basins, has been 

the focus of successful oil and gas exploration campaigns. In 

the realm of geology, comprehensive studies encompassing 

faciological, petrographic, mineralogical, and geochemical 

analyses have been undertaken to reconstruct sedimentary 

deposits' paleoenvironments, identify diverse sources, and 

evaluate the chemical alteration intensity in rocks. 

Concurrently, geophysical investigations [6-13] have revealed 

a central positive gravity anomaly flanked by two parallel 

negative anomalies in the GSB. The GSB's formation as a 

graben is attributed to the differential stresses induced by 

continental division [6, 14]. Further, gravity data from the 

study by Cratchley and Jones [13] was reinterpreted, 

suggesting that the central positive anomaly is due to basic 
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rock composition injections [15]. 

Gravity data-based geological modeling in the GSB has 

been highlighted as a pivotal geophysical study [16]. These 

models are characterized by significant sandstone 

accumulation in the basin, with sediment thickness estimated 

at approximately 4 kilometers, likely influenced by the 

Cretaceous basin's extensional processes. The 2D modeling 

revealed dense bodies intruding the region's basement, posited 

as potential hydrocarbon exploration sites. 

Magnetic and gravity data have been instrumental in 

deducing the depth, density, and geological boundaries of 

subsurface structures. In recent years, the application of edge 

detection techniques in deciphering geological boundaries has 

gained prominence [17-23]. Techniques such as the horizontal 

gradient, the total gradient, the tilt angle of the analytical 

signal amplitude (TAS), the Modified Theta Map (MTM), an 

enhanced logistic function, and the fast sigmoid function have 

proved effective. This study introduces an advanced edge 

detector filter, utilizing a modified fast sigmoid function to 

augment the total horizontal gradient of potential field 

anomalies. The efficacy of this novel method is demonstrated 

through gravity data analysis using the SGG-UGM-2 gravity 

model in the GSB. 

Figure 1. Location map of the study area 

2. GEOLOGICAL SETTING

Spanning over 1,000 kilometers in the NE-SW direction, the 

Benue Trough, with widths ranging from 50 to 150 kilometers, 

represents a significant intraplate tectonic structure in Africa. 

It extends from the Niger Delta to Lake Chad, characterized 

by a sedimentary pile not exceeding 6,500 meters in depth [24] 

(Figure 2). The Trough is underlain by Precambrian granitic 

and metamorphic bedrock, which underwent reactivation 

during the Pan-African orogeny. Its formation is linked to the 

South Atlantic Ocean's opening in the Cretaceous period, 

consequent to Gondwana's disintegration [25]. The Trough's 

structural collapse is attributed to the development of folds and 

fractures [26]. 

The GSB, situated within the Benue Trough, is a key feature 

in Northern Cameroon's geological landscape. The basin 

aligns predominantly in an E-W to N120 direction and is filled 

with Middle to Upper Cretaceous marine sandstones [27]. The 

basin comprises conglomerates, sandstones, and clay 

sediments, rich in fossils including dinosaur remains, 

vertebrates, and crustaceans [28]. Studies [29-32] have 

identified mud cracks in argillite beds, indicative of frequent 

emersion during sedimentation in shallow water environments. 

These studies also correlate the cessation of sedimentation 

with dry seasons, as evidenced by the ferruginous 

encrustations in Garoua sandstones [28]. The basin's 

foundation comprises syn-tectonic granites, referred to as 

porphyroid granites, and metamorphic rocks including gneiss 

and quartzites. Morphoscopic analysis of detrital quartz grains 

reveals lustrous and sub-sharp figured elements [29]. The 

northern and eastern parts of the basin are characterized by a 

basement of mylonites bands. The area is intersected by a 

network of veins and dykes, exhibiting volcanic occurrences 

within migmatites and granites. In the northern region, 

quartzo-feldspathic veins disrupt pyroxene gneisses, with 

occasional intrusions of garnet gneisses that have undergone 

deformation. Basalt, commonly found as surface intrusions, is 

the predominant volcanic rock in the region [33]. 

Figure 2. Geological sketch map of the study area (modified 

from the studies [25-27])  
Note: 1-Fault; 2-Thrust; 3-Sinistral strike-slip fault; 4-Quaternary alluvial 

deposition; 5-Cretaceous Benue Sandstone; 6-Cretaceous Garoua Sandstone; 

7-Variety of Cretaceous Sediments; 8-Andesitic Type, 9-Acidic Type; and 10-
Mafic Type; 11-Amphibolite; 12-Upper Micaschist; 13-Lower Micaschist; 

14-Upper Gneiss; 15-Lower Gneiss; 16-Migmatitic Gneiss; 17-Embrechitic

type; 18-post-tectonic granitoid; 19-pre-to syn-tectonic granitoid; 20-syn-to
post-tectonic granitoid; 21-Grabbro 

3. DATA AND METHODOLOGY

3.1 Data 

Recently, satellite gravity data have emerged as the most 

effective tools for the detection of potential field source data 

for the delineation of boundaries and geological structures [34-

38]. In this study, we utilized gravity data derived from the 

SGG-UGM-2 model of the Earth’s gravity field. By 

combining the observations of the Gravity Field and Steady-

State Ocean Circulation Explorer (GOCE), the normal 

29



equation of the Gravity Recovery and Climate Experiment 

(GRACE), marine gravity data derived from satellite altimetry 

data, and EGM2008-derived continental gravity data, this 

model is constructed up to degree 2,190 and order 2,159. It is 

derived from the theory underlying the ellipsoidal harmonic 

analysis and coefficient transformation (EHA-CT) method for 

calculating the spherical harmonic coefficients from grid area-

mean and point gravity anomalies on the ellipsoid [39, 40]. On 

the basis of numerical experiments, the derived formulas are 

evaluated successfully. GOCE models are more representative 

of geoid undulations and gravity anomalies in Africa than 

GRACE models. The SGG-UGM-2 model showed best 

performance in the GPS/leveling validation. This model 

provided high resolution data than all models of GRACE 

mission like GGM02, EGM2008 etc. The National 

Geospatial-Intelligence Agency (NGIA) provides the gravity 

data frequently used for investigating shallow and deep crustal 

structures and analyzing tectonic and dynamic processes. 

Figure 3 depicts the Bouguer gravity map corresponding to the 

study area. This map shows two main zones of anomalies: low 

and high zones. The low anomalies with the minimum of -75 

mGal are observed in the south, north and east of the study 

area while the high anomalies with maximum of 5 mGal are 

observed in Bibemi, Poli and Garoua. These various gravity 

anomalies are separated by significant gradients which would 

represent the discontinuities materializing the fractures zones. 

The majority of figures are produced by computer using 

Generic Mapping Tools for reasons of objectivity [41]. 

Figure 3. Bouguer gravity map of the study area 

3.2 Methodology 

In this section, we describe the theoretical basis of the filters 

used for edge detection of potential fields in the GSB. 

The analytical signal (AS) is one of the popular methods 

that [42] introduced. The AS is applied to enhance the 

boundaries of geological structures. For the gravity data F, AS 

is defined as follows: 
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where, 
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,
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and 

𝜕𝐹

𝜕𝑧
 represent the gravity data gradients F. 

The total horizontal gradient (THG) is a filter that produces 

maxima above the horizontal boundaries of the source and 

accentuates the edges. It can be stated as follows, according to 

the study by Cordell and Grauch [43]: 
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 represent the gravity data gradients F. 

The study by Cooper and Cowan [44] were the pioneers in 

developing the modified version of the tilt angle (TDX). This 

filter makes it possible to delineate the locations of lateral 

edges and source boundaries directly above its maximum 

values. The mathematical expression as follows: 
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The tilt angle of the gradient amplitude (TAHG) is 

calculated using the arctangent function and gradient 

amplitude derivatives. According to the study by Ferreira et al. 

[45], the TAHG is: 
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The fast sigmoid function (FSEG) of the horizontal gradient 

was introduced by Oksum et al. [46]. This filter increases the 

resolution and accuracy of edges from an enhancement of the 

horizontal gradient of the potential field anomalies. The 

proposed method provides maximum amplitudes and produces 

balanced image on the edges from deep and shallow geological 

sources. FSEG filter described by the equation below: 

1
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Figure 4 depicts the flowchart used to map the structural 

lineaments of the GSB. 
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Figure 4. Flowchart for mapping the structural lineaments of 

the sedimentary basin of Garoua 

4. RESULTS AND DISCUSSION

4.1 Results 

The study area is located in Northern Cameroon. The 

structures of this area are asymmetrical syn-sedimentary 

synclines superimposed on graben [16, 47]. In this area, 

however, there are insufficient studies devoted to the detection 

of subsurface structures. The gravity data used in this study 

were obtained from the SGG-UGM-2 model of the Earth’s 

gravity field. The SGG-UGM-2 data have a higher resolution 

and less error than EIGEN6C3 and EGM2008 [18]. Figure 3 

depicts the Bouguer gravity map of the study area with free-

air corrections applied. In addition, filters including the 

analytical signal (AS), the total horizontal gradient (THG), the 

modified version of the tilt angle (TDX), The tilt angle of the 

gradient amplitude (TAHG), and fast sigmoid function (FSEG) 

were applied to the gravity data. 

Figure 5 indicates the map of the AS filter. This filter does 

not adequately extract gravity lineaments and is unable to 

distinguish fracture zones from the dominant signal in the 

study area, which is a result of sedimentary formations. It 

makes the delineation of geological features extremely 

challenging. 

Figure 6 illustrates the THG of gravity data. This filter is 

unable to detect a well-balanced image of the subsurface 

structures' lineaments. It produces unclear peaks and 

confusing information regarding geologic features. 

Figure 7 depicts the TDX method. This filter is able to 

differentiate all source edges, but with low resolution. It is 

suited to outlining the edges of geological features, but the 

results it produces are fuzzy. The edges produced by this filter 

can make interpretation more difficult. 
Figure 8 indicates the TAHG of gravity data. This method 

produces more effective lineaments than AS, THG, and TDX. 

Nonetheless, it is impossible to determine the precise outlines 

of the subsurface structures. 

Figure 9 shows the lineaments identified by the FSEG 

technique. Comparable to the TAHG method, the FSEG 

method is a balanced detector; consequently, detected 

boundaries are more distinct than with other methods. 

However, the FSEG method produces a more detailed map of 

lineaments. 

In addition, compared to the TAHG and other methods, this 

filter generates an image with improved resolution and more 

defined responses along the edges of the gravity sources in the 

GSB. The FSEG filter can eliminate any ambiguous results. 

Figure 10 displays all the tectonic characteristics associated 

with shallow and deep-seated geological entities with a 

dominant NE-SW trending lineament in the study area. 

Figure 5. Map of the analytical signal 

Figure 6. Map total horizontal gradient 

Figure 7. Map of modified tilt angle 
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Figure 8. Map tilt angle of the horizontal gradient 

Figure 9. Map of fast sigmoid function 

Figure 10. Lineaments extracted from the gravity data fast 

sigmoid function map 

4.2 Discussion 

The results of this study, which involved the analysis of 

gravity data, allowed us to point out numerous geological 

features present in the region that are sometimes partially or 

entirely concealed by sedimentary cover. In the past, advanced 

edge-detection methods applied to potential field data were 

quite effective [17-22]. These techniques have enabled us to 

identify a number of lineaments throughout the study area. In 

general, shorter-wavelength lineaments are associated with 

shallower depths, whereas longer-wavelength lineaments are 

associated with the deep interior of the Earth. Figures 5, 6, and 

7 show that AS, THG, and TDX filters correspond to the short-

wave lineaments in this study. The TAHG and FSEG filters 

are strongly correlated with the longer wavelength lineaments 

(Figures 8 and 9). In addition, they were more effective than 

the AS, THG, and TDX methods at enhancing the gravity 

lineaments. The FSEG produces more distinct lineaments and 

reveals the presence of numerous dense lineaments covered up 

by Cretaceous sediments. This filter improves and provides an 

image of the source edges with higher resolution. The obtained 

image maps from the application of the FSED filter allow us 

to highlight the source edges, and display the edges of the large 

and small amplitude anomalies clearly. The sharpness and 

performance in enhancing edges is better than the others. The 

lineaments extracted by the FSEG map are shown in Figure 10. 

This map depicts a number of significant lineaments, shows 

NW-SE and ENE-WSW trending gravity structures with many 

maximum values indicating the boundaries of basaltic 

formations and presents a good correlation with the faults in 

the study area.  

Figure 11. Rose diagram of the lineaments 

Comparing the geological map (Figure 1) and the structural 

lineament map (Figure 10) of the GSB showed that structural 

lineaments are most common in the Pre-Cambrian basement 

rocks (migmatite, gneiss, and older granite). The various 

detected lineaments can be interpreted as tectonic forces 

inserting intrusive rocks (gneiss and granite) into sedimentary 

rocks or Precambrian formations. These lineaments support 

the hypothesis that, during the Cretaceous, the Benue Trough 

and the GSB were connected via lineaments [27]. They serve 

as a guide for the selection of exploration sites for 

underground water layers and mineral resources, as well as for 

the assessment of environmental hazards. In addition to the 

lineaments, we observe a circular-shaped lineament anomaly, 
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which may be an intrusion of heavy rock likely granite 

gneissic into the fault-bounded Cretaceous sediments of the 

Garoua series. Figure 11 depicts a rose diagram of the 

lineaments shown in Figure 10. Based on the sedimentary 

basin of Benue, the analysis of this diagram reveals that there 

are two major NW-SE and ENE-WSW lineament trends, 

respectively. The lineaments of subsurface structures in the 

GSB must be investigated further to determine whether or not 

they are faults, despite the fact that the FSEG filter is a good 

and highly regarded filter. However, for future investigation, 

we will apply an upward continuation filter of 1 kilometer to 

the data in order to reduce the noise effect prior to applying the 

methods. 

5. CONCLUSION

In this study, we applied filters such as AS, THG, TAHG, 

TDX, and FSEG to highlight the geological source edges in 

the gravity data. The key results of this study reveal significant 

lineaments in a variety of directions. Geological structures 

indicate that tectonic activity is still occurring in this region. 

At the edges of the deep gravity structures, the AS and THG 

filters showed poor performance. Although the TDX and 

TAHG filters yield pseudo-boundaries in their results, the 

gravity sources identified by these filters are either larger or 

smaller than the real sources. In contrast to other boundary 

detectors, the FSEG method provides greater precision and a 

more distinct response for the boundaries in the GSB. The 

FSEG filter provided the best resolution and delineated the 

edges more clearly compared with the other utilized edge 

detection methods. The obtained results from the application 

of this filter to the gravity data of GSB showed the lineaments 

with predominant NW-SE and ENE-WSW directions. In 

addition, the results of this study revealed the presence of 

structural unit faults in particular that had not been identified 

in previous geological and geophysical studies of the GSB. 

These faults increase the possibility of hydrocarbon 

accumulation and thermomineral sources in the area. The 

results also indicate the presence of numerous trends 

corresponding to the principal tectonic directions of the region. 

However, for future research we will reduce the noise effect to 

the data before applying the filters. 
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