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This study aimed to extract the lineaments in the crust of the sedimentary basins of Babouri-Figuil and Mayo Oulo-Lere, (Central Africa)
from combined terrestrial and EGM2008 model gravity data. For this, data processing and edge detections were completed using filters. The
MGTHG (Modified Gudermannian function) filter was applied because of its accuracy in detecting lateral boundaries of the causative
structures. This approach has allowed establishing a new structural map of the study area. This map shows several lineaments detected in the
region oriented in the WSW-ENE, NE-SW, E-W and NNW-SSE directions. A comparison of this map with those established in previous
studies using other filters shows that in addition to the already existing lineaments, new ones have been detected. This proves that the MGTHG
filter produces good results in the region. The results of this study provide new insights in the region’s tectonic framework.

Keywords: Gravity data, MGTHG filter, Sedimentary basins, Structural map.

1. Introduction

Edge detection methods of magnetic and gravity sources play a very
important role in the interpretation of geological structures of the
subsoil [1, 2]. One of the applications of these methods consists in
revealing the probable locations of geological contacts, faults or other
tectonic characteristics using various filters [3]. These methods are
widely used in mineral exploration, oil and gas prospecting, and
environmental studies, which provide crucial information on the
complexities of the subsurface [27]. Several edge detection filters have
been developed and improved to obtain better solutions for detecting
edges of geological structures from potential field data. Most of these
filters are based on vertical and horizontal derivatives of the field or their
combination [2, 4-7]. The total horizontal gradient (THG) which
produce maximum values located above the limits of the sources was
used [8]. It was suggested [9], using the maximum values of the
amplitude of the analytical signal (AS) to delimit the lateral limits.
Another method, based on the THG of a sum of vertical gradients of an
increasing order, was introduced by [10] to improve the edge detection
results. The disadvantage of the methods based on derivatives is their
low resolution and their low performance to balance the amplitudes of
anomalies produced by responsible sources located at different depths
simultaneously [5, 11]. To overcome these limits, others methods of edge
detections have been developed for a more precise delimitation of the
geological characteristics that could be hidden [1, 12, 13]. It was
introduced by [14], the tilt angle method (TA) that uses the amplitude
of the total horizontal derivative to normalize the vertical derivative. A
detector of the edges based on the amplitude of the gradient of the tilt
derivative was suggested [15]. It was introduced the normalized gradient

amplitude technique [16]. These edge detection methods are frequently
used in the interpretation of anomalies to delineate geological
structures. However, they often face several challenges, including low
resolution, which can obscure structural details and thus lead to
misinterpretation. Moreover, these methods often generate false
outlines, which can create misleading artifacts in the data and further
complicate the interpretation process. They often depend on depth data
which can introduce inaccuracies, particularly in areas with complex
geology [27]. These problems require more advanced filtering methods
capable of providing higher resolution, minimizing false edges, and
enabling reliable edge detection without relying on depth data.
Therefore, in recent years, several other methods using new filters have
been developed [17-27] with the aim of improving the accuracy and
reliability in edge detection, thus enabling better data analysis in
geological studies. Thus, in this work, the Modified Gudermannian
Function (MGTHG) method developed by [27] and offering
satisfactory results was applied to the gravity data of the Babouri-Figuil
and Mayo Oulo-Léré area, a geologically complex region in order to
extract the lineaments of the crust of this area. The effectiveness and
relevance of this method was demonstrated by [27] after applying it first
to a synthetic density model and then to real data from the Georgia area
in the United States.

2. Geological and tectonic setting

The North Cameroon has intracratonic sedimentary basins born from
the opening of the South Atlantic to the lower Cretaceous. The Babouri-
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Figuil and Mayo Oulo basins are part of it. Several previous studies have
been carried out there and describe them as synclines characterized by
synsedimentary deposits. The Babouri-Figuil and Mayo Oulo Basins are
small sedimentary basins elongated in the E-W direction. They are
respectively located between latitudes 9°44’- 9°50 ’and 9°39™- 9°44’ and
longitudes 13°44’- 14°02 *and 13°43’- 14°28’ (Figure 1). These two basins
represent equivalents of the Wealdian facies (lower Cretaceous) of the
formation of Bima in Nigeria [28]. The Babouri-Figuil sedimentary
basin is the most northern of the small cretaceous basins with
continental sediment from northern Cameroon. It measures almost 45
km long and reached 1 km wide line [28, 29]. It is dotted with hillocks
and basal sandstone. Its sedimentary pile locally reaches 1500 m. These
sediments are constituted of fine sandstones, siltstones and marls. Their
presence testifies to sedimentation under a shallow water layer which
originates from the indicators of numerous phases of emergence. The
abundance of flora as well as the existence of several evaporate levels
(gypsum) are present throughout the basin. The marshy environment in
a hot and humid climate is revealed by the abundance of Estheries, the
dissemination of whose eggs is favored by periods of seasonal drying.
More or less charcoal-covered leafy twig prints and dinosaur footprints
have been found in Mayo-Tafal. The Mayo Oulo-Lere basin is more than
50 km long and less than 10 km wide. It extends towards the South of
Chad, where part of the name “Lere” comes from. It is separated from
the Babouri-Figuil basin by granito-gneissic complexes culminating at
around 800 m (Figure 2). It is mainly made up of hardened silts and
clays. According to the study of the paleoflora, the sedimentary basin of
Mayo Oulo-Lere is composed of small graben [28, 30]. These grabens,
developed in an extensive north-south oriented context, are made up of
basaltic formations [31]. Microfossils collected in this basin are
attributed to pre-Aptian sedimentation. From a tectonic point of view,
the Babouri-Figuil and Mayo Oulo-Lere basins have undergone intense
volcanic activity, leading to the appearance of volcanic materials on the
surface through deep fractures. These basins are associated with the
Cameroon Volcanic Line (CLV). This major tectonic structure is a Y-
shaped chain of intra-plate volcanoes that extends from Pagalu Island in
the Atlantic Ocean to western Africa for about 2000 km [32]. The first
branch corresponds to the Benue Trough in Cameroon, called the Yola-
Garoua basin, while the Babouri-Figuil and Mayo Oulo-Lere basins are
connected and the second branch is located in Nigeria. The volcanic
rocks along this general line are mainly composed of basalts. Their
topographic expressions are accompanied by fissures, fractures, lavas,
and tuffs.

3. Data and methods

3.1 Data

Gravity database (3116 data) used in this work is obtained by
combining terrestrial and EGM2008 data. [36-39] showed the proximity
between these two databases of the study area and concluded that they
can be combined in order to have a densified database and which will
contain more information.

o Terrestrial gravity data

The 515 terrestrial gravity data used in this work were collected
between 1960 and 1968 during geophysical reconnaissance campaigns in
Central Africa by the Office de Recherche Scientifique et Technique
d’Outre—mer (ORSTOM) [40, 41] and completed by Hedberg, ELF
(Essences et Lubrifiants de France), the University of Leeds and the
IRGM (Institut de Recherche Géologique et Miniére) [42]. These data
acquisition campaigns were carried out by car, along roads, crossable
tracks, and sometimes water courses. Measurements were taken
approximately every 3 km. Several gravimeters (Worden and Lacoste &
Romberg) were used. The precision of the gravity values is in the order
of 0.2 mGal. The location of the measuring stations was determined on
topographic maps. Altitudes were estimated using barometers and
altimeters (Wallace and Thierman, Thommen). The free air and the
plate correction were computed assuming a mean crustal density of 2.67
glem’.
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Figure 1. Location map of the Babouri-Figuil and Mayo Oulo-Lere sedimentary
basins modified from [33].
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Figure 2: Geological map of the study area (modified from [34, 35]. 1: Mica schist.
2: Lower gneiss. 3: Sedimentary formations. 4: Embrechites Migmatite. 5: Old syn-
tectonic granitoid. 6: Late syn—tectonic granitoid. 7: Anatexites granitoid. 8: Post—
tectonic granitoid. 9: Quaternary alluvium. 10: Cretaceous Benue Sandstone. 11:
Plio—Pleistocene sediments. 12: Conglomerates (sandstone and lavas). 13:
Anatexites Migmatite. 14: Basalt.

o Data from the EGM2008 model

In this study, we also used gravity data acquired from the Earth
Gravitational Model 2008 (EGM2008) via the Bureau Gravimétrie
International (BGI). Several works have demonstrated the effectiveness
and relevance of gravity data derived from this model in geological and
geophysical explorations particularly in our study area [36, 37, 43, 44].
This model is completed to degree and order 2159, and contains
additional coefficients up to degree 2190 and order 2159 [45]. It provides
gravity data with a spatial resolution of 5 minutes of arc. It integrates
land, airborne and maritime gravity data as well as satellite altimetry-
derived data. For this study, 2601 data from this model were used.

3.2, Methods

There are several commonly used filters to detect the geological
structures edges (deep and shallow) we have:
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o Total horizontal gradient (THG)

THG is a filter used to identify the horizontal boundaries of potential
field sources. According to [8] these limits correspond to the highest
values of the field. THG can be expressed as follows:

or\2 | (9F\?
HG = (%) + (%) o
where 2£ and 2£ represent the partial derivatives of the field F in the
ax ay

x and y directions.
o Analytical Signal (AS)

The AS also called total gradient is one of the most used filters
introduced by [9]. The maximum values of the amplitude of the
analytical signal on the grid plane are used to detect the lateral
boundaries of abnormal bodies. The AS is defined as follows:

as = J() + () + () @

f) . - . .
where a—z represents the partial derivative of the field F in the z

direction.
The ability of THG and AS methods to delineate deep source edges
is very limited [46-50]1.

o Tilt angle (TA)

The TA is a filter that normalizes the vertical derivative using the
horizontal derivatives. It can be expressed as follows [14]:

oF
TA = tan‘l( 2z ) 3)

THG

It was showed that field amplitude does not provide distinct signals
beyond horizontal limits although it can detect anomalies at different
depths [3].

o Total horizontal gradient of tilt angle (THGTA)

It was demonstrated that the total horizontal gradient of tilt angle is
more effective and accurate in delineating horizontal boundaries than
THG and TA [15]. The amplitude of the THGTA is expressed as follows:

2 2
THGTA = |(52) + (%A) (4)
However, as the source depth increases, the amplitude of the

transformed signal decreases [51].
o Improved tilt angle (TDX)

It was presented an improved version of the TA, called the normalized
total horizontal gradient (TDX) filter [16]. This filter normalizes the
THG using the vertical gradient and identifies maxima along the
horizontal boundaries of the body. The TDX is expressed as follows:

TDX = tan™? (%) 5)
0z
o Hyperbolic tilt angle (HTA)

Another filter for enhancement of the edges is introduced by [16]. It
called the hyperbolic tilt angle (HTA). The filter is given by:

dF
HTA =R [tanh—l <L>] (6)

THG

where R denotes the real component of the hyperbolic tangent
function.

o Gudermannian function (GF) technique

It was introduced the Gudermannian function (GF) technique also
called hyperbolic domain technique [21]. This technique uses the GF
and the second derivative of the field. The GF is defined by:
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572, &nd Iyos represent the horizontal gradients along z.

The parameter M varies between 0.5 and 8, and its determination is
left to the discretion of the interpreter [27]. In fact, the lowest value of
M offers the best edge detection. The highest value increases resolution
but risks eliminating edges. However, in general, the different values
have little impact on the results and only change the resolution. The
drawback of this technique lies in the use of higher-order derivatives,
which can lead to an imprecise and incomplete plotting of the limits of
anomalies.

o Modified Gudermannian Function Technique (MGTHG)

It is an advanced, high-resolution filter that uses the modified
Gudermannian function [52] to delineate the horizontal contours of
potential field sources at different depths [27]. The MGTHG function
improves the accuracy of boundary detection by refining the resolution
of potential field data. It plays a crucial role in several existing filters,
including the TA filter [14], the TDX filter [16], the TAHG filter [51],
and the GF filter [48]. The MGTHG method is mainly based on the
research conducted by [51]. The filter is defined as follows:

|ezae.ompe imnoy’, ey’
)

MGTHG = %tan‘l sinh| |

| ey |

The MGTHG filter allows the identification of regions with abrupt
density variations. Its peaks effectively delimit the limits of structures
[27]. Contrary to many new filters, the resolution of MGTHG results
remains constant and does not depend on user-selected parameters [21,
27, 47, 48, 53-56]. A major advantage of the MGTHG filter is its ability
to define boundaries with precision and clearness. Figure 3 shows the
flowchart used to map the different lineaments of the study area.

4. Results and discussion

4.1 Results

o Bouguer anomaly map obtained from the combining terrestrial and
EGM2008 gravity data

The densified database allowed us to have the Bouguer anomaly map
(Figure 4). This map shows a first negative anomalies zone located at
the north of the study area, constituted of a vast domain of low gravity
(—60 mGal). These anomalies could suggest a sedimentary infill, such as
a lake basin where rivers have brought their alluvium, while volcanoes
have spreading lava flows. This may be due either to the collapse of a
sedimentary block or to the local thickening of a sedimentary series
generated by the subsidence of the basement roof. In the South of Lere,
West of Lame, we observe a negative anomalies zone (60 mGal), which
could be due to sedimentary deposits in this area. This map also shows
a positive anomalies area that extends from Bibémi to Lere in Chad and
includes the Mayo Oulo-Lere sedimentary basin. The amplitude of these
anomalies goes beyond 10 mGal.

For a good interpretation of anomalies, it is advisable to have the
residual anomaly map which reflects the effects of the superficial
structures. It was showed [39] from the method of [57] that degree 4 is
the best degree of separation of Bouguer anomaly in the study area. For
this purpose, in this study, the polynomial of degree 4 was used to
separate the Bouguer anomaly into regional and residual.
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Figure 4. Bouguer anomaly map of the study area, obtained after combining
terrestrial and EGM2008 gravity data.

o Residual anomaly map

The residual anomaly map presented in Figure 5 shows the positive
and negative areas. The first positive anomalies zone is located at the
NW of the study area in the north of Dourbey. The anomalies values are
between 0 and 10 mGal. This would be due to the presence of high
density rocks within low density granitoid rocks. This map also shows
another positive anomalies area that extends from Bibémi to Lere in
Chad and includes the Mayo Oulo-Lere sedimentary basin. Their values
reach 25 mGal. These anomalies show that the Mayo Oulo-Lere basin
does not have the morphology of a sedimentary basin. It would therefore
rather be a lake basin with dense rocks, probably basaltic. The second
zone consists of negative anomalies. They are located in the south of
Dourbey and around Dembo, Guider, where the Babouri-Figuil
sedimentary basin is located. The values of these anomalies are between
—15 and -5 mGal. This beach could correspond to the sedimentary
deposits of the Babouri-Figuil basin. The map also shows another
negative area located in the south of Lere, near the Cameroonian border.
In this area, the anomalies values reaches —25 mGal. This would indicate
the presence of weak formations relative to surrounding formations.
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Another negative anomaly zone is observed to the south of the study
area that extends from Garoua to Lagdo. This zone, mainly made up of
sandstone, would be linked to the Benue Trench. This map shows two
areas of significant gradients characterized by a narrowing of the
isoanomalous lines. The first is located between the localities of Bibémi,
Lere and Lame and the second covers the localities of Mayo Oulo and
Figuil. These gradient areas could be fracture zones.
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Figure 5. Map of the residual anomaly of degree 4 of the study area, obtained after
combining terrestrial and EGM2008 gravity data.

¢ Residual anomaly map upward-continued to 300m

As real gravity data usually contain noise, to apply the edge
delimitation techniques based on derivatives, it is recommended to use
an upward continuation filter to reduce the effects of noise. The choice
of depth for this upward continuation depends on the geological
information and the depth of the structures to be highlighted. Although
depth values between 100 and 500 m do not show a significant
difference, we opted for the median value (300 m) for our data. Figure
6 shows the residual anomaly map of the study area after upward
continuation of 300 m.
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Figure 6: Residual anomaly map of the study area after upward continuation of
300 m.
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The effectiveness and relevance of the MGTHG filter used in this
work, as well as that of other edge detection filters such as: AS, THG,
TA, THGTA, TDX, HTA, GF are evaluated by analyzing the results
obtained during their application on gravity data of our study area.

o Edge delimitation maps of the structures

Figures 7 a), b), c), d), e), f), g) and h) show the edge delimitation
maps of the structures of the study area obtained using the filters AS,
THG, TA, THGTA, TDX, HTA, GF and MGTHG respectively to the
residual gravity anomaly upward-continued to 300 m.

Figures 7a) and b) illustrate the edge maps obtained from the AS and
THG filters respectively. As can be seen, these maps are dominated by
the responses of large amplitude anomalies originating from shallow
sources located in the southeastern part of the area. However, the edges
of the lower amplitude anomalies cannot be determined. Therefore, the
AS and THG filter maps cannot clearly show the edges of the deep
geological sources; this makes it difficult to realize a definitive structural
map of the study area.

Figure 7c) shows the edge images created by the TA filter. Although
this filter provides a balanced representation of the anomaly sources, it
does not provide precise boundaries for the geological features of the
region. The edge image created by the THGTA filter shown in Figure
7d) does not present a balanced representation of the distribution of the
different sources. Figure 7e) shows the results of the TDX filter.
Although the latter is more effective than the AS, THG, TA and THGTA
filters in generating distinct contour images, the source contours appear
interconnected, thus complicating the interpretation of the geological
features of the region. Figure 7f) illustrates the results of edge detection
using the HTA filter. This image shows that this filter cannot effectively
delineate all the edges of the geological structures. Figure 7g) presents
the results obtained by applying the GF filter taking a value of M=0.5.
Several values of M were tested, the value of 0.5 was chosen because it
best represents the contours of the structures. As we can see, in this
figure, the delimitation of the edges of the structures of the region
appears blurred and indistinct. Figure 7h) illustrates the edges identified
by the MGTHG filter. On this map, the edges of the significant
amplitude anomalies as well as those of the low amplitude anomalies are
visible. This image shows that this filter has a higher resolution in
delineating the edges compared to the other filters presented. The
MGTHG filter thus allows us to successfully identify the lineaments and
therefore generate a structural map of the study area.

Figure 8 shows the gravity lineament map of the study area extracted
by applying the MGTHG filter. It presents more lineaments in the
northern and southern part of the area than in the center. This map
shows that most of the structural features determined in the study area
are oriented in the WSW-ENE, NE-SW, E-W and NNW-SSE directions.
Important lineaments such as the one passing through Mayo Oulo and
Figuil, Garoua and Lagdo are visible on this map (Figure 8). These
directions could be associated to those of the major tectonic and
hydrogeological structures in the area such as the Cameroon volcanic
line, the Benue Trough, the Mayo Kébi and the Benue River. Important
lineaments such as the one passing through the localities of Mayo-oulo
and Figuil, Garoua and Lagdo are visible on this map. They could be
associated with the two branches of the Cameroon volcanic line. From
a geological point of view, these lineaments could also be linked to the
volcanic activities that led to the appearance of volcanic materials on the
surface.

4.2. Discussion

A comparative study between the structure edge map obtained by
applying the MGTHG filter to the gravity data of the area and those
obtained by other commonly used filters including AS, TG, TA,
THGTA, TDX, HTA and GF was made (Figure 7). The results of this
comparison show clearly that the MGTHG filter is less dependent on
the depth of the sources, it can not only generate edges of the sources of
significant amplitude anomalies but also those of the sources of low
amplitude anomalies, whereas the AS, THG and THGTA filters place
much more emphasis on shallow geological features with relatively
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h) MGTHG.
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Figure 8. Structural map of the study area obtained from the MGTHG filter.

short wavelengths. The MGTHG filter is better than the TA, TDX and
HTA filters because it delineates the contours of geological structures
more precisely, thus providing an improved interpretation.
Furthermore, it does not generate false outlines, which can create
misleading artifacts in the data and further complicate the interpretation
process. The MGTHG filter provides a much clearer map of the
structure outlines with a higher resolution than that presented by the
GF filter, which is nevertheless more efficient than the other filters (AS,
THG, TA, THGTA, TDX, HTA). This has made it possible to reveal the
details of the structures and thus leads to a good interpretation. The
MGTHG filter provides better results as it provides greater precision,
clarity and good resolution compared to other filters. Thus, it provides
an improved geological interpretation in terms of edge delineation. This
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made it easier for us to create the structural map of the study area. The
examination of this map generally indicates that there is a good
correlation between the lineaments present on this map and the existing
geological and tectonic structures in the study area (Figure 8). This map
confirms the presence of lineaments previously detected using edge
detection methods applied to potential field data, which have proven
very effective [58-60]1 (Figure 8). However, it also presents new,
previously unknown lineaments (Figure 8).

Analysis of the trends of the mapped lineaments showed a strong
correlation between the directions of the lineaments extracted in this
work (WSW-ENE, NE-SW, E-W and NNW-SSE) and those of the
existing geological lineaments and those mapped by [37, 59-64] in the
study area. These trends are also consistent with those of the major
tectonic and hydrogeological structures of the area (Cameroon Volcanic
Line, Benue Trough, Mayo Kebi and Benue River).

5. Conclusion

In this work, the modified Gudermannian function filter was applied
to gravity data to extract lineaments in the crust of the Babouri-Figuil
and Mayo Oulo-Lere sedimentary basins, (northern Cameroon and
southern Chad). The results obtained from the interpretation of the
maps show that the MGTHG filter, compared to others filters, can
provide more precise and clearer images of the boundaries of geological
structures.

These results also show that most of the lineaments detected in the
study area are oriented in the WSW-ENE, NE-SW, E-W and NNW-SSE
directions. Important lineaments such as the one passing through Mayo
Oulo and Figuil, Garoua and Lagdo have been highlighted. These results
provide a new structural map of these two sedimentary basins as well as
the surrounding area. The results of this work thus increase the
structural knowledge of the area. This knowledge can be used for the
selection of sites for exploration of groundwater and underground
mineral sources, as well as for the assessment of environmental risks
during the implementation of major public works in the area
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