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ABSTRACT. Cameroon is made up of an extensive tectonic system that includes a geologically significant structure in
Central Africa called the Cameroon Volcanic Line (CVL). In this study, a multi-phase approach was applied to identify new
tectonic structures across the CVL using gravity data from the XGM2019e_2159 model, magnetic data from EMAG2, and
topographic data from GMRT. First-order and second-order vertical derivatives of both magnetic and gravity data were
used to filter geologic structures in the study areas. To understand the trend of the structures based on the potential field,
edge enhancement of potential-field data using normalized statistics (standard deviation edge detection) and phase sym-
metry were applied. Phase symmetry provides phase-based formulation that can detect ridges and valleys corresponding
to geological structures regardless of anomaly strength, making it robust to noise and interpolation artifacts. For de-
tailed analysis to delineate new and already existing lineaments, a 2D Laplacian terrain transformation of the topographic
data was computed at various heights from 20 to 105 km. The gravitational and magnetic structures discovered were
superimposed on the transformed topographic map and drawn out to identify the orientation and direction of the faults.
The study further illustrates the occurrence of potential geologic features associated with gravity anomalies, magnetic
anomalies, and the new lineaments identified in the area. These results highlight that the lineaments identified are mostly
orientated SE-SW and act as evidence of the still continuing process of deformation of the CVL. This finding is essential for
advanced regional tectonic modeling across the CVL.
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BbIABJIEHUE PETUOHAJ/IBHBIX TEKTOHUYECKHUX CTPYKTYP
KAMEPYHCKOM JIMHUU BYJIKAHOB C IOMOIIbI0 TPABUMATHUTHBIX HABJIIOJAEHUHA
U IBYMEPHOI'O AHAJIU3A PEJIBE®A 110 JIAIIJIACUAHY

H.A. 3Ko1
HoBocubupckuii rocyfapctBeHHbIN yHUuBepcuTeT, 630090, HoBocubupck, yi1. [Tuporosa, 1, Poccus

AHHOTALIMS. KamepyH npeAcTaB/isieT cO60M NPOTSHKEHHY0 TEKTOHUYECKYI0 CUCTEMY, BKJIIOYAIOLLYIO0 B cebs reo-
JIOTHUYeCKH 3HAaYUMYIO CTPYKTYpy LleHTpasibHON AQpUKH - Tak Ha3biBaeMylo KaMepyHCKy0 JIMHUIO ByJKaHOB. [
BbISIBJIEHUS] HOBBIX TEKTOHUYECKUX CTPYKTYP BKpecT KaMepyHCKOM IMHUU BYJIKAHOB B IaHHOM MCCJIeJOBAaHUU OblLJ ITPH-
MeHeH MHOTOCTaAUMHBIN MOJXO0/, C UCTI0JIb30BaHUEM JAaHHBIX MOJ|eJIU IpaBUTALMOHHOTO noJsA 3emin XGM2019e_2159,
JaHHbIX Mojenn EMAG2, a Takxke JaHHBIX LudpoBoit mozenu pesnbeda GMRT. BepTrukaibHble IPOU3BOJHbBIE [TIEPBO-
ro ¥ BTOPOTO MOpsiIKa KaK MarHUTHOI0, TaK M IPaBUTAIlMOHHOIO 110Jis1 ObIJIH UCN0JIb30BaHbl /1S Bbl/leJleHHs reoJio-
FUYeCKUX CTPYKTYP Ha U3yyaeMbIX TeppUTOpHUAX. [/ BblJleJIeHUs] XapaKTePHOTO [/l CTPYKTYp TPeH/ia U3 JaHHbBIX
MOTEHLUAJIbHOTO 10JIs1 GbLI IPUMEHeH MEeTO/, yIyUllleHUsl TPaHuL, FPaBUMarHMTHBIX JaHHbIX C UCN0JIb30BaHHEM HOp-
MHUPOBAHHOM CTAaTUCTUKH (BblAe/ieHHe TPaHUL] CTaHJapTHOTO OTKJIOHEeHHs) U pa30BOro cuMMeTpupoBaHus. Pa3oBoe
CUMMeTpHUpOBaHUe C/le/1a/10 BO3MOXKHbIM I103TalHOE Bbl/leJIeHHe XpPe6TOB U JJ0JIUH, COOTBETCTBYIOIINX e0JI0rM4eCKUM
CTPYKTypaM He3aBUCUMO OT CUJIbl aHOMaJIUH, o6ecnedrBasi yCTOMUYUBOCTD K LIYyMY U apTedaKTaM UHTeprnoasauuu. s
JleTaJIbHOT0 aHa/IM3a C LieJ1bl0 Bbl/leJIeHUS HOBBIX U yiKe CYIeCTBYIOIIMX JIMHEAMeHTOB ObLJI0 IPOBEIEHO BbIUHUCIeHUE
JIByMepHOTro npeo6pa3oBaHus pesbeda 10 JanjacuaHy 1o tornorpadpruyeckMM JaHHbIM Ha BbicoTax oT 20 fo 105 kM.
Bbl/iesieHHble CTPYKTYPbl FPaBUTAILMOHHOTIO U MarHUTHOTO M0J1s1 GbIIM HAJIOXKEHbI Ha Tpeo6pa3oBaHHY0 Tonorpadu-
YeCKylo KapTy ¥ OTMeYeHbl JIJ1s1 onpe/ie/ieHUsl OpMeHTalMU U HallpaBJleHUsl pa3/IoMoB. B ncciejoBaHMY TPOUJLIIIOCTPHU-
pPOBaHO NMOsIBJeHUE OTeHMaTbHbIX Ie0J0THYeCKUX 0COOEHHOCTEMN, CBS3aHHBIX C TPaBUTALlMOHHBIMU aHOMAJIUSIMHY,
MarHUTHBIMU aHOMaJIMSIMHY, @ TaK)Ke C HOBBIMU JIMHeaMeHTaMHU, Bbl/leJIeHHbIMU Ha JaHHOU TeppuTopuH. [losyyeHHble
pe3yJIbTaThbl YKa3blBalOT Ha TO, YTO Bbl/ieJIeHHble JIMHeaMeHTbl B OCHOBHOM OpHEeHTHUPOBaHbl B HanpasieHuu H0B-103
Y CBU/IETEJILCTBYIOT O /10 CUX NIOP NpoJo/nKatolleiica fedpopManuyu KaMepyHCKOH IMHUHY ByJIKaHOB. [laHHOE OTKpBITHE
SIBJISIETCS BaXKHBIM JIJIs1 YJIy4llleHUs] perMoHa/JlbHOT0 TEKTOHUYECKOTI0 MO/leIMpOBaHusl BKpecT KaMepyHCKoH TMHUU
BYJIKQHOB.

KJ/IIOYEBBIE CJ/IOBA: rpaBuMeTpuyeckass aHOMaJius; BblJleJIeHHe IpaHull; pa3JioMbl; IMHEAMEHTHI; IBYMepHOe

npeo6pa3oBaHue pesbeda Mo saniacuany; KamepyHckas TMHUSA BYJIKAaHOB

OGUHAHCUPOBAHME: He ykazaHo.

1. INTRODUCTION

The African Plate moves at a speed of 3-7 mm per year
from northwest to southwest relative to the Eurasian Plate
[Serpelloni et al., 2007; Ebinger et al., 2017]. This move-
ment is consistent with evidence found at the present-
day Mid-Atlantic Ridge which shows that the two plates
are diverging [Serpelloni et al., 2007]. Africa is one of the
highest elevated continent on Earth, largely due to plate
tectonics, mantle plumes, and volcanism within the large
igneous provinces such as Cameroon Volcanic Line (CVL),
East Africa rift valley, Hoggar, Tibesti, and numerous vol-
canic uplifts [Ebinger et al., 2017]. Previously, geologic
studies of Cameroon had tended to use various geological
and geophysical methods for identification of new struc-
tures, lineaments, rift systems and volcanic activities, as
well as for mineral exploration. The Cameroon region is
part of a complex that encompasses various tectonic for-
mations, the Congo craton and a major geologic feature
in Central Africa known as the CVL [Dumont, 1986; Toteu
et al, 2004; Noel et al., 2014]. Many authors studied the
systems of tectonic fault zones and the densities of both
continental and coastal crustal rocks all over the country

using gravity [Koumetio et al., 2014; Nguiya et al., 2018;
Ndikum, Tabot, 2023; Ekolle et al.,, 2025], seismic [Tokam
et al.,, 2010; Goussi Ngalamo et al., 2018], and magnet-
ic [Ndougsa-Mbarga et al., 2014; Cheunteu Fantah et al,,
2022] data. However, the tectonic features and lineaments,
particularly across the CVL, have been partially identified
[Cheunteu Fantah et al., 2022]. The research therein was
mostly based on the application of Earth gravitational mod-
el EGM 2008, which is somewhat outdated compared to
the current XGM2019e_2159. The more accurate XGM2019
e_2159 model concerning the global gravitational poten-
tial [Zingerle et al., 2020] can therefore increase the reli-
ability in detection of gravity anomaly for the CVL to better
delineate and reveal new tectonic structures. Researchers
attempted to determine tectonic features of the CVL by com-
bined gravity-magnetic field modeling [Cheunteu Fantah
etal., 2022], as well as combined gravimetry-seismic mod-
el [Goussi Ngalamo et al., 2018; Kemgang Ghomsi et al.,
2021], however, there is a lack of integrated gravity, mag-
netic and high-resolution topographic data for delineation
of structural features associated with the deformation of
the CVL.
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This study aims to investigate the crustal structure of
the CVL by identifying new lineaments (faults) using gravi-
ty data (XGM2019e_2159), magnetic data (EMAG2), and
topographic data (GMRT). This will provide more details
of the structural and geological complex of the CVL.

2. TECTONICS AND REGIONAL GEOLOGY

The CVL is defined by a line trending NE-SW through
a series of volcanic centers including Mt. Cameroon, vol-
canic islands of the ocean including Bioko, Principe, Sdo
Tome, Annabon, and numerous volcanic seamounts ex-
hibiting seismic activity. These are made up of oceanic is-
land basalts that date back to the end of the Cretaceous
period (Late Oligocene / Early Miocene). Volcanic activity
along the CVL lacks a clear age progression, with onset ages
ranging from ~42 Ma onshore to ~30 Ma offshore, and
shows no systematic migration along the line [Meyers et al.,
1998; Marzoli et al., 2000; Adams, 2022]. While [Marzoli et
al., 2000] observed a NE-SW rejuvenation of peak magma-
tism within the Western Highlands, Ngaoundere Plateau
volcanism does not follow this trend. In [Burke, 2001]
interpreted the CVL as related to a mantle plume, but in
[Meyers et al., 1998] and most of the subsequent geo-
physical studies favor an alternative "hotline" model of
edge-driven convection without age progression.

The geological basement of Cameroon is shaped by
three significant geodynamic events: the Archean orogeny
(3.0-2.5 Ga), Eburnean orogeny (2.2-1.8 Ga), and Pan-
African orogeny (600-500 Ma). These events led to the split-
ting of the Precambrian basement rocks into two groups
forming the Paleo-, Meso- and Neoproterozoic groups re-
lated to the Central African orogenic belt and the Archean
Ntem complex associated with the Congo craton [Noel et
al,, 2014; Mbossi et al., 2026]. The breakup of the continen-
tal plates can be interpreted in terms of an anticlockwise
movement of the West Africa Plate relative to the South
America Plate. Each part of the plate boundary can be said
to have a regional breakup stress regime based on its or-
thogonal and oblique aspects [Lawrence et al., 2002]. This
new development in Cameroon has created rocks, grabens,
and other tectonic lines that are connected to older ones.
Depending on the direction of the lineaments, the fault
structures can be divided into three main categories: ESE-
WNW, ENE-WSW, and ESE-SSW [Noel et al., 2014].

The CVL lies between the southern craton of the Congo
and the northern craton of the Oubanguides, which was
formed by the tectonic collision of four different cratons in-
cluding Congo, West Africa, Sdo Francisco, and a mobile do-
main in the formation of Gondwana [Castaing et al., 1994;
Toteu et al., 2004; Begg et al., 2009; Tokam et al., 2010;
Elsheikh et al.,, 2014]. In our study area, the known fault
zones include the Central Africa Shear Zone (CASZ), Cen-
tral Cameroon Shear Zone (CCSZ), Foumban Shear Zone
(FSZ), Sanaga Shear Zone (SSZ), and Pan-African fold belt.
This data was obtained from the OneGeology platform
(https://onegeology.org/).

The CCSZ - a fault zone located in Cameroon - is an ex-
tension of the CASZ. It stretches from Brazil to Sudan. It

has been rejuvenated a few times during the Cretaceous
dextral movement, before and after the opening of the
South Atlantic Ocean [Dorbath et al., 1986]. The CCSZ sup-
ports the CVL - a distinctive chain of extinct and active vol-
canoes: the latter include Mt. Cameroon, Manoun crater
lakes, and Nyos [Noel et al., 2014].

The SSZ is part of the CASZ and was previously char-
acterized by dextral motion (probably at the end of the
Pan-African orogeny) and a subsequent N-S truncation. It
is assumed to be involved in the dextral movement on the
northern, mobile part of the zone [Noel et al,, 2014].

The CASZ is a huge tectonic area that stretches from
Sudan across Central Africa to the Adamawa Plateau in
Cameroon [Fairhead, Okereke, 1987]. CASZ extends south-
west from the Adamawa Plateau, where it is called the
Foumban Shear Zone, and terminates under the south-
western part of Cameroon beneath the CVL, which is a Ter-
tiary-to-Recent line of volcanoes [Tokam et al., 2010].

The FSZ is a mylonite fault found in the central region
of Cameroon, stretching for approximately 2000 km from
the Cameroonian border to the Sudanese border. This zone

-4— Congo craton limit

—?- Geophysical limit
of domain

— Faults

Fig. 1. Tectonic framework of Cameroon with major shear zones
and fault systems. MC - Mt. Cameroon; SSZ - Sanaga shear zone;
KCF - Kribi-Campo fault; SCSZ - South Cameroon shear zone;
TBSZ - Tcholliré-Banyo shear zone; CC - Congo craton; CCL -
Congo craton limit; CCSZ - Central Cameroon shear zone (after
[Noel etal., 2014]).

Puc. 1. TekTonnveckasa cxema KamepyHa, ¢ OCHOBHBIMU C/JBUT0O-
BbIMU 30HAMHU U cUcTeMaMH pa3sioMoB. MC - Biik. KamepyH; SSZ -
30Ha capura CaHara; KCF - pasnom Kpu6bu-Kamno; SCSZ - 30Ha
caura l0xHoro KamepyHa; TBSZ - 30nHa casura HYosinpe-banbo;
CC - xpatoH Konro; CCL - rpanuua kpatona Konro; CCSZ - 30Ha
casura LlenTpanbHoro KamepyHa (o [Noel et al,, 2014]).
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Fig. 2. Geological and tectonic map of the CVL [Ekolle et al., 2025].

Puc. 2. Teosioro-TekToHHYecKast kapTa KaMmepyHckoii iuHuM BykaHoB [Ekolle et al., 2025].
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makes up part of a large-scale Pan-African fault trending
ENE-WSW and is characterized by a dextral displacement
of mylonites [Tatchum et al., 2006]. The tectonic map of
Cameroon can be seen in Fig. 1.

In the continental part of the CVL, the Pan-African base-
ment rocks are mainly composed of schist and gneiss inter-
rupted by diorite and granite [Fitton, 1987; Déruelle et al,,
2007]. As stated by [Tokam et al., 2010], the coastal plain
is mainly composed of the Cretaceous sediments (shale,
sandstones, and limestone). The volcanic rocks that make
up the CVL vary in composition from basalt to trachyte.
Some examples include Mt. Etinde (nephelinites), Mt. Oku
(rhyolite, quartz, and basalt), Mt. Cameroon (alkaline ba-
salt), Mt. Manengouba (trachyte, rhyolite and basalts), and
Mt. Bamboutos (trachyte and alkali basalts).

Mt. Kupe is part of Cameroon’s granitic outcrop com-
plexes. It is about 100 km off the coast. There are other
volcanic complexes buried beneath huge young basalts of
the Mt. Cameroon and Mt. Bioko towards the southwest
[Déruelle et al., 1991].

The CVL is mainly found in areas where the fault zones
intersect each other [Burke, 2001]. Satellite image-based
study, conducted by [Déruelle et al., 1991], discovered a
pattern of oblique deformation, which affected the conti-
nental crust in the vicinity of the volcanoes on the conti-
nental side, and proposed that these volcanoes are within
shear zones. This study was conducted across latitudes

8.5° 9.0° 9.5° 10.0° 10.5°

6.5°

6.0°
5.5° i
5.0°
45°

4.0°

| oKo Island
. .
8.5° 9.0° 9.5°

10.0° 10.5°

Fig. 3. Topographic map of the study area in the CVL.

3°50'and 6°50' N and longitudes 8°50" and 12°00' E, which
is a part of the CVL (Fig. 2).

3. DATA AND METHODS
3.1. Data

Topography. The topography (DEM - Digital Elevation
Model) data was downloaded from the Global Multi-Reso-
lution Topography (GMRT; https://www.gmrt.org/GMRT
MapTool/) and a topographic map with an elevation of
4000 meters was made (Fig. 3). The coordinate system
WGS 84 /UTM Zone 32N was used for the map scale.

Bouguer anomaly. The Bouguer anomaly maps (Fig. 4)
were created using gravity data (XGM2019e_2159) that was
downloaded from the ICGEM website (http://icgem.gfz-
potsdam.de/home). The grid size (0.02°) was selected prior
to using the ICGEM service to do the online Bouguer gravi-
ty anomaly data calculations. According to [Marcel et al,,
2018; Ekolle et al., 2025], the gridding technique of gravity
data yields an interpolated surface that resembles a small,
linear elastic layer crossing over every data value with the
fewest number of bindings feasible. The final Bouguer anom-
aly of the study area ranges from -140 to 200 mGal. The
regional Bouguer anomaly was subtracted from the final
Bouguer anomaly to produce the residual Bouguer anom-
aly, which ranges from —80 to 180 mGal. By creating the re-
sidual anomaly field from the measured gravity field, it is
possible to determine the various gravity sources beneath
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Puc. 3. Tonorpaduyeckas KapTa U3yyaeMod TeppUTOpUM Ha KaMepyHCKOH JIMHUH BYJIKAaHOB.
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the study area that contribute to the characteristics of the
Bouguer anomaly map.

Earth magnetic anomalies grid. The Earth Magnetic
Anomalies Grid (EMAG2) was downloaded from the NOAA
website (https://www.ncei.noaa.gov/products/geomag
netic-data). It consists of a 2-arc-min resolution, continued
upward at 4 km altitude above sea level. The original data
grid consists of airborne, shipborne, and satellite magnetic
measurements [Maus et al., 2009]. The total magnetic in-
tensity map (Fig. 5) was created by extracting the grid data
for the study area. Some parts located to the northeast of
the study area lacked data because no measurements had
been recorded. The magnetic intensity ranges from -200
to 65 nT.

Table 1 summarizes the resolution and uncertainty
characteristics of the three datasets. The XGM2019e_2159

can resolve crustal-scale faults with offset ~9 km, while
EMAG?2 is sensitive to shallower, high-contrast magnetic
boundaries at similar scales (~8-10 km). The upward con-
tinuation of EMAG2 to 4 km altitude [Maus et al., 2009] at-
tenuates signals from sources <2 km depth, limiting reso-
lution of very shallow structures.

3.2. Methods

The methodology includes different approaches used
for the identification of subsurface lineaments and faults
across the CVL. Polynomial regression, kriging, vertical
derivatives of the magnetic and gravity fields, edge detec-
tor and 2D normalized Laplacian of topographic height
were used to reconstruct and reveal ancient tectonic and
neotectonic structures through automatic and manual
techniques.
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Fig. 5. Total magnetic intensity map of the study area.
Puc. 5. KapTa Hanpsi>keHHOCTH MarHUTHOTO M0J1s1 U3y4YaeMOU TEPPUTOPHUH.
Table 1. Dataset specifications and uncertainty quantification
Ta6auna 1. Cnenudukanuu Habopa JaHHBIX U OLleHKa Heollpee/IeHHOCTEN
Data Spatial resolution Vertical Horizontal Minimum Key limitation
accuracy accuracy detectable feature
- o o Gravity anomaly Attenuated short wavelengths
XGM2019e_2159 9 km (0.08°) +2 mGal (global) +0.01 with wavelength >~9 km  over rugged topography
Magenetic anomal Upward continuation height of 4 km
EMAG2 2-arc-min (~3.7 km) 5 nT (oceanic) +1 arc-min as y suppresses shallow sources
with wavelength 2~8 km -
of near-surface volcanoes in CVL
GMRT 15-100 m (variable) +10 m (land) +15m ~50m topographic break Sparse offshore bathymetric coverage

of CVL
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The Bouguer gravity anomaly, total magnetic anoma-
ly, and topography maps were produced using Golden
Software Surfer, while the vertical derivative magnetic and
gravity anomaly maps were made with Geosoft Oasis Mon-
taj Software. All the maps were created using the same
coordinate system-WGS 84/UTM Zone 32N. The gravity
data was downloaded in ASCII format (which was the avail-
able data format at the time of download, 2023), and then
converted into Surfer datafile format before processing
the gravity maps. To avoid prediction errors while produc-
ing the Bouguer, regional Bouguer and residual Bouguer
anomaly maps, kriging interpolation was applied [Kamguia
et al, 2008; Gautier et al., 2022; Ekolle et al., 2025]. The
second-order polynomial regression was applied on the
XGM2019e_2159 data grid to prevent deleting subsurface
features within the residual gravity anomalies. This was
performed by employing a polynomial regression fitting
technique used for gravity data analysis [Kemgang Ghomsi
et al, 2021; Ekolle et al. 2025], which allows splitting the
Bouguer anomalies between regional and residual anom-
aly sections. The regional anomalies expand towards the
Bouguer anomaly as the degree of the polynomial n in-
creases, revealing additional rock structures in the upper
crustal layer.

To help the magnetic fields to extend towards the cen-
ter of the earth’s surface, a Reduction to the Equator (RTE)
function was applied. This was accomplished using a simi-
lar technique described by [Macleod et al., 1993; Cheunteu
Fantah et al,, 2022] which has already been shown to be ex-
tremely reliable at low latitudes. The RTE has shown effec-
tiveness in correcting the asymmetrical and longitudinal
displacement of the recorded overall field strength. The
magnetic map was then created using the kriging interpo-
lation approach with RTM data.

Vertical derivatives. The first and second vertical de-
rivatives were obtained from the magnetic and gravity grid
data, respectively. The derivative filter was used to localize
more shallow structures in the study area. Derivatives make
the margins of the anomalies more refined, and the shal-
low structures - more visible or easy to identify [Blakely,
Simpson, 1986; Jacobsen 1987; Cheunteu Fantah et al.,
2022]. The map of the vertical derivative is much more sen-
sitive to local effects as compared to regional effects. Fur-
thermore, vertical derivative was used to easily detect large-
frequency features in the low-frequency or large-amplitude
range. When gravity fields from multiple origins are added
thereto, it's important to use the derivative filters to sepa-
rate them and detect their contacts or boundaries [Fedi,
Florio, 2001]. The vertical derivative was computed in
Fourier domain using the formula:

0

S ey)=F " [[K]-Flg(x.y)]) (1
where |k| - radial wave number, F - Fourier transform, and
F - inverse Fourier transform.

To reduce noise, the vertical derivative of the potential
field at height h was filtered using upward continuation
differences given by:

0 T D VI @

z

up
aAg ] - Ago - AgAh
h=0

where Ag, - original gravity anomaly grid at the measure-
ment level (h=0), A’} is the field upward continued at
the height Ah, and Ah is the difference between the sam-
pling intervals [Fedi, Florio, 2001; Florio et al., 2006].

Magnetic anomaly grid data can be used to create a
First Vertical Derivative (FVD) map. This map highlights
areas with a quickly changing magnetic anomaly pattern
which can show if there are any geological structures like
mineralized zones, faults or fractures.

Gravity data was used to delineate faults through anom-
aly augmentation techniques like Second Vertical Deriva-
tive (SVD). The Bouguer gravity anomaly was gridded at
approximately 5 km intervals with not more than 20 km
circle to generate the initial second vertical derivative grav-
ity map. The Laplace equation was applied to compute the
SVD of the vertical component of gravity (g,) in the spa-
tial domain based on horizontal gradients according to
[Blakely, 1996; Sumintadireja et al., 2018]:

g, __[0'9, g,
0z oxt oyt |

Following potential field theory, equation (3) repre-
sents a spatial-domain edge-enhancement operation, not a
continuation procedure, and functions as a high-pass filter
to delineate the shallow crustal boundaries.

The second horizontal derivative of the gravity field
across the x-axis was then used to estimate the second ver-
tical derivative for a larger anomaly across the y-axis with
the equation: g, N o%g,

022 ox*

Phase symmetry edge-detection filter [Kovesi, 2003;
Holden et al., 2016], implemented in Geosoft Oasis Montaj,
was applied to automatically identify lineaments based on
multi-scale Fourier-phase coherence. This amplitude-in-
variant method detects ridges and valleys regardless of
anomaly strength, making it robust to noise and interpola-
tion artifacts [Holden et al., 2016]. STD filter (Normalized
Standard Deviation (NSTD)) was used as a complementa-
ry validation filter to confirm edge coherence in high-con-
trast zones. These techniques provide for more enhance-
ment and detection of edges to delineate the boundaries of
subsurface geological structures in the study area [Miller,
Singh, 1994; Cooper, Cowan, 2008; Holden et al., 2016]. To
minimize the risk of interpolation artifacts being misin-
terpreted as geological lineaments, only features showing
edge-coherence across 22 independent processing stages
were retained: first and second vertical derivative filter-
ing, NSTD normalization, and phase-symmetry detection.
This multi-criteria protocol follows the best approaches for
potential-field structural mapping [Cooper, Cowan, 2008;
Cheunteu Fantah et al,, 2022].

2D Laplacian topographic height transformation.
This method describes the role of topographic transforma-
tion using the Laplacian operator. The Laplacian operator

(3)

(4)
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is a fundamental mathematical tool used in many areas of
mathematics and science. In the field of image processing,
the Laplacian operator is used to detect edges in an image.
It can be applied to other measurements, such as topo-
graphical elevation, to determine the amount of recharge
or discharge in each area. In the field of geoscience, remote
sensing, and geomorphology, it can be used to detect ridges,
valleys, and tectonic features. It is also used to calculate
the curvature of the surface and study the properties of
wavelets. It has been widely used in various fields of engi-
neering and science, including geophysics and topography
transformation [Glukhmanchuk, Vasilevskiy, 2013; Dob-
retsov, Vasilevskiy, 2018].

The application of topographic transformation is based
on the method of image edge detection [Savant, 2014; Rani,
Kumari, 2016]. Laplacian is the measure of the second-
order spatial derivative of a 2D-image [Savant, 2014]. Edges
characterize object boundaries and are therefore useful for
segmentation, marking the boundary between two homo-
geneous regions [Rani, Kumari, 2016]. For a 2D continuous
height h (x, y), the Laplacian function can be given by:

., O0°h  O°h
V°h o + e (5)

For a DEM raster with 3x3 grid spacing Ax=Ay, finite-

difference approximation will be:

1
Vzhi,j ~ E[hHl.j + hi—l,j + hi.j+1 + hi.j—l - 4hf.1’]' (6)

where h;; - elevation at grid cell [1, j], A - spatial resolution
(equal in x and y).
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Fig. 6. Regional gravity anomaly of the CVL with trend NE-SW.

The topography of the study area was transformed using
the 2D Laplacian operation function in Golden Software
Surfer. This method refined the edges of topographic fea-
tures and delineated fractured edges present in the study
area. This can be seen from different terrain processing
methods (see Section 4.3) at different levels of averaging
from 20 to 105 km.

4. RESULTS AND DISCUSSION
4.1. Gravity anomaly

The total Bouguer map (see Fig. 4, a) shows a gravity
range of -140 to 190 mGal. The volcanoes towards the
north (Mts Oku, Bamboutos, Manenguba, and Kupe) show
a relatively negative gravity anomaly ranging from -60
to -10 mGal. The negative value observed can be a result
of the regional gravity effect of the less dense rock masses
found around the volcanoes and the isostasy effect. Be-
tween the Bioko Island and the Mt. Cameroon, including
the Atlantic Ocean, lies the biggest positive anomaly of more
than 120 mGal was found. This area is made up of basal-
tic mountains, which is the cause of the positive anomalies
therein. The occurrence of igneous rocks on the surface
and the thinning of the crust are attributed to the positive
Bouguer anomalies found in oceanic regions. In [Poudjom
Djomani et al.,, 1997] indicated that identical mechanisms
may have created continental and oceanic crusts in the CVL
and that there might be a global uplift due to the buoyant
movement of the asthenosphere.

The regional Bouguer anomaly map (Fig. 6) shows the
NE-SW trending low to high gravity anomalies, which may
indicate that the CVL zone is made up mostly of less dense
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rocks to the north and denser rocks to the south. But the
main reason for such behaviour of the regional Bouguer
gravity field is isostasy, which leads to the fact that posi-
tive Bouguer anomalies are characteristic of all oceanic re-
gions of the Earth, just as negative anomalies are inherent
in mountains. The gravity anomaly value ranges from -100
to 90 mGal.

The residual map (see Fig. 4, b) displays clear disconti-
nuities of a high gravity signature of 10 to 40 mGal towards
the west around Bafia, Ndok-Kong and Mbam-et-Kim, which
were not highlighted before by the total Bouguer anomaly.
This is due to the large granitic and gneiss rocks found along
the Pan-African thrust [Marcel et al., 2018]. According to
[Déruelle et al.,, 1991, 2007], the Mt. Cameroon does in
fact cover dense volcanic formations that date back to be-
tween the Cenozoic and the present. At local scales and in
the lithosphere’s outermost layer, the effect of Bouguer
anomalies’ refinement is becoming increasingly apparent
[Kamto et al., 2020]. The residual anomaly highlighted lo-
cal features more clearly and revealed the dense rock that
forms the volcanoes towards the north, which was not
visible on the total Bouguer anomaly map. The volcanoes
are represented with a positive anomaly from 0 to 30 mGal.
The southern portion of the Benue Trough (Nigeria), which
is filled with less dense Cretaceous sedimentary layers,
causes the emergence of the NE-SW trending zones as-
sociated with significantly negative amplitudes and lies
around the Mamfe sedimentary basins of Manyemen and
Fontem. Negative zones are usually associated with less
dense, intrusive bodies. Zones associated with negative
anomalies are found around the Douala basin and Eseka,
as well as Otele. These zones emerged due to an early-to-
late Cretaceous sediment basin.

The low gravity anomaly values at the Mt. Bamboutos
and the Mt. Oku could be a result of deep-seated intrusions
that are located at a close distance to the Moho depth, and
as such the gravity anomaly is highly influenced by the
surrounding less dense sedimentary rock mass cover of
Fontem, Bamenda, and Foumban, thereby making the read-
ings lower. Bouguer anomalies over mountainous terrain
tend to be negative because they are caused by isostatic
equilibrium. The density of rocks beneath mountains is
lower than that of adjacent, mantle-derived rocks. The fact
that the region has a high negative Bouguer anomaly in the
north of the country implies that it is a deep source region
[Kenfack et al., 2017].

4.2. Magnetic anomaly

The total magnetic intensity map (see Fig. 5) repre-
sents areas of high potential for mineral extraction. Three
distinct high positive magnetic anomalies can be identified
covering different places extending from the Mt. Cameroon
and its surroundings to the Atlantic Ocean, the areas of
Ndok Kong and Ngambe, and the ground towards the NW
boundary between Nigeria and Cameroon. These areas
signify a potential of possible mineral deposits. Between
latitudes 6.0° and 6.5° N and longitudes 8.5° and 9.0° E,
there is a big area of high magnetic anomalies, which range

from 40 to 65 nT. These highly positive anomalies are as-
sociated with the Benue trough. This reflects similar find-
ings made by [Cheunteu Fantah et al., 2022]. Ndok Kong
is in southeastern Cameroon in the same geological belt
as Nyong which is close to the Congo craton. This area
has large deposits of nickel, cobalt, and manganese, while
Ngambe is known for its high potential of iron deposits.
The alignment of spots of positive anomalies approximate-
ly in the N90°E direction is an indication that the magneti-
zation is influenced potentially by the tectonics. There are
similarities between magnetic and gravity anomalies with
regard to their direction, concentric shape, and location of
their anomaly gradients. Therefore, magnetic approaches
can offer extra precision to structural characteristics that
are impossible to identify using gravity variations.

4.3. Structural results and interpretation

The results presented here include the use of automatic
lineament identification for the magnetic intensity map
and gravity map. Before the FVD of the magnetic grid data
had been applied, the map was reduced to the equator. RTE
is the process of increasing the signal of magnetic anoma-
lies detected close to the equator [Cheunteu Fantah et al,,
2022]. The magnetic anomaly map was transformed for
automatic detection of magnetic lineaments in the study
area using Geosoft Oasis Montaj (Fig. 7). This process was
more accurately applied to the map of the gravity anomaly
for a high-precision observation of lineaments in the study
area (Fig. 8). While NSTD can enhance boundary delinea-
tion, it is susceptible to directional striping artifacts pro-
ducing horizontal noise which are due to the filtering ef-
fects of weak and strong anomalies at the same intensity
[Cooper, Cowan, 2008]. For this reason, Phase symmetry
was selected as the primary edge-detection method because
its amplitude-invariant and phase-based formulation is ro-
bust to interpolation artifacts and grid-aligned noise (see
Fig. 7, c; Fig. 8, c). NSTD was retained as a complementary
validation filter; lineaments showing coherence across both
methods were classified as high confidence in the final in-
terpretation. The mapping and identification of these struc-
tures depend on a multi-dimensional assessment of verti-
cal gradient maps of both gravity and magnetic anomalies
[Blakely, Simpson, 1986]. Furthermore, the SVD demon-
strated strong alignment to geological structures, which,
in most cases, indicate possible reverse or normal faults
[Ming et al,, 2021].

The topography of the study area was transformed by
calculating the normalized Laplacian. This provides the
added advantage of evaluating more crustal fracture zones
and revealing the similarity of the trends of lineaments in
the study area. To calculate the Laplacian, different aver-
aging window sizes were used: 20-31 km, 20-40 km, 40-
71 km, 75-89 km, and 74-105 km (Figs 9, 10).

The gravitational and magnetic structures discovered
(see Figs 7, b, ¢, 8, b, ¢) were superimposed on the trans-
formed topographic maps and drawn out to identify the
orientation and direction of the lineaments exhibiting sim-
ilar trends. The lineament map (Fig. 11) was plotted by
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following the spatial behaviour of the superimposed maxi-
ma with depth and the trend of subsurface lineament ob-
served in the different maps. The lineament map was inte-
grated with the known geologic and fault maps to identify
new regional tectonic structures in the study area (Fig. 12).
This process is vital for validation, showing that the linea-
ments identified represent actual geological boundaries.
In the northeastern sector where EMAG2 magnetic data
are unavailable, lineaments were identified solely through
coherence between gravity (XGM2019e_2159) and topo-
graphic (GMRT) edge signals.

The edges of the anomalies were straightened during
correlation representing probable fault zones in the area
and newly formed faults of the CVL. The lineaments re-
presented by these combined techniques are comprehen-
sive, given that they require detailed observation and time
for reconstruction. However, the effectiveness of the to-
pography transformation is limited by the fact that the
image contains some round-edged features that can be
referred to as artifacts (see Fig. 10). These artifacts can be
clearly seen in Fig. 9 at image grids 40-71 km, 75-89 km,
and 74-105 km. Upon closer examination, these artifacts
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Fig. 7. Automatic magnetic lineament identification and the FVD map of the study area.

(a) - FVD map; (b) - automatic phase symmetry on STD filter; (c¢) - lineament map using phase symmetry edge detection on local
spatial frequencies; (d) - lineament superimposed on the FVD map.

Puc. 7. ABToMaTH4ecKas UAeHTUQUKAL M MarHUTHBIX JIMHEAMeHTOB U KapTa NepBoil BepTHKa/NibHOH npousBoaHoi (FVD) aas
M3y4yaeMoli TeppUTOPHUHU.

(a) - xapta FVD; (b) - aBTOMaTHYeCKOE CUMMeTpUpoBaHUe $pa3 ¢ TOMOILbI0 GUIbTPA HA OCHOBE CTAaHAAPTHOrO OTKJIOHEHHUSs; (¢) -
KapTa JJMHeaMeHTOB C BblleJleHueM IrpaHuly ¢pa30BOro CUMMEeTPUPOBAHHUSA Ha JIOKAJIbHBIX IPOCTPAaHCTBEHHBIX YaCTOTaX; (d) - 1MHea-
MEHT C HaJlo)KeHueM Ha kapTy FVD.
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are due to local perturbations of the relief associated with
volcanoes.

A total of 52 lineaments were identified (see Fig. 11).
Based on statistical analysis (Fig. 13), 15 lineaments (28.8 %)
are oriented SE-S and 33 lineaments (63.5 %) are oriented
S-SW, which represent the dominant directions. The ob-
served S-SW dominance (63.5 %) aligns with the dextral
shear regime of the CCSZ [Dorbath et al., 1986; Noel et al,,
2014] and is consistent with asymmetric patterns reported
in the previous CVL structural studies [Cheunteu Fantah
et al,, 2022]. This result indicates that majority of the lin-
eaments in the study area are oriented roughly between
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Fig. 8. Automatic gravity lineament identification and SVD map.

southeast and southwest. The observed orientations are
controlled by known fault movements and ongoing tec-
tonics of the CVL.

According to a detailed petrological analysis in [Marzoli
et al., 2000], the younging trend in the southwest, which
extends from the Oligocene volcanism in the northern por-
tion of the Mt. Oku toward the presently active Mt. Cameroon,
indicates that the African Plate continues to move over a
deep-seated mantle heating anomalous region.

The structural features (see Fig. 11, 12) produced from
gravity, magnetics, and topography show a linear fit to the
known geological contacts of SSZ and FSZ; other contacts
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(a) - second vertical derivative gravity map; (b) - automatic phase symmetry on STD filter; (c¢) - lineament map using phase symmetry
edge detection on local spatial frequencies; (d) - lineament superimposed on the second vertical derivative map.

Puc. 8. ABToMaTHyeckas ueHTUPUKALKSA IPaBUIMHEAMEHTOB U KapTa BTOPOU BepTUKaIbHOU npousBogHoH (SVD).

(a) - kapTa BTOpOU BepTHUKaJbHON NPOU3BOAHOH; (b) - aBTOMaTHYeCKOE CUMMeTpUpoBaHue a3 ¢ moMoLbio GUIbTPa HA OCHOBE
CTaHJAPTHOTO OTKJIOHEHUS; (€) - KapTa JIMHEAMEHTOB C BblJleJIeHUEM I'paHul, $a30BOro CUMMETPUPOBAHUS Ha JIOKAJbHbBIX IIPO-
CTPAHCTBEHHbIX YaCTOTAX; (d) - IMHEaMeHT C HaJlo)KeHUeM Ha KapTty SVD.

https://www.gt-crust.ru

12


https://www.gt-crust.ru

Ekolle N.E. et al.: Identification of Regional Tectonic Structures... Geodynamics & Tectonophysics 2026 Volume 17 Issue 4

20-31 km 20-40 km
6.5° - S 6.5° - — ME——
N N Y
6.0° 6.0°
5.5° 5.5°
5.0° 4 5.0°
4.5° 4.5°
4.0° 4.0°
3.5° . s ' 3.5° F % 8 SR T
8.5° 9.0° 9.5° 10.0° 10.5° 11.0° 11.5°E 8.5° 9.0° 9.5° 10.0° 10.5° 11.0° M.5°E
40-71 km 75-89 km
6.5° - - ‘w — 6.5° - 1
N i N
6.0° 6.0°
5.5° 5.5°
5.0° 5.0°1
4.5° 4.5°
4.0° 4.0°
350 : ' —— 3.5° ‘ '
8.5° 9.0° 9.5° 10.0° 10.5° 11.0° 1M.5°E 8.5° 9.0° 9.5° 10.0° 10.5° 11.0° M.5°E
89-105 km
6.5° 3
N P

5.5°

5.0°

4.5°

4.0°

3.5°
8.5° 9.0° 9.5° 10.0° 10.5° 1M1.0° M.5°E

Fig. 9. 2D Laplacian topographic transformation of the CVL calculated for different averaging window sizes.

Puc. 9. /IBymepHoe npeo6pasoBaHue pesnbeda KaMepyHCKO# TMHUM BYJIKAHOB 110 JlalJlaCUaHy, BBIYUCJIEHHOE /1J1s1 OKOH yCpeHEHUS
pa3HbIX pa3MepoB.
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Fig. 10. Artifacts present on topographic transformed map.

Puc. 10. AptedakThl Ha Ipeo6pa30BaHHOM TonorpapuiecKor KapTe.
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Fig. 11. Lineament map of the CVL from magnetic, gravity and transformed topography analysis (a), and lineaments with known

faults (b).

Puc. 11. Kapra iuHeaMeHTOB KaMepyHCKOH JINHUU BYJIKAHOB, COCTaBJIeHHasi HA 0CHOBE MarHUTHOI'O U TPaBUMETPHUYECKOT0 aHa/IN3a,
a TaKKe aHa/IM3a peo6pa3oBaHHOro pesibeda (a), U TMHeaMeHThl, CBsI3aHHbIe C U3BECTHBIMU pasjoMamu (b).
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Fig. 12. New lineaments, known fault and geology map of the CVL (a) and 3D visualization (b).
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Fig. 13. Rose diagram of lineament orientations of the CVL.

Puc. 13. Po3a-guarpamMma HanpaBJ/ieHUH JinHeaMeHTOB Kame-
PYHCKOM JINHUU BYJIKQaHOB.

revealed are those of Eseka and the fault zone between
Besoung Kang and the Mt. Kupe. Several faults can be found
on both sides of the PAB. The faults clearly reveal that the
PAB has gone through a series of uplifts and deformations
which have produced many fracture zones in the area.
There is also a fault system around the basement of the
Mt. Cameroon and the Bioko Island which may be due to
thrusting and uplifting because of volcanic and tectonic ac-
tivities. The buried CCSZ that stretches from east to west
in the study area possesses several faults that can be seen
around Mamfe and Kajifa. At the extreme west of the study
area, there are two lineaments representing breaks in
the sedimentary crustal blocks. The alignment of newly
identified lineaments with zones of microseismicity re-
corded along the CCSZ and FSZ provides independent evi-
dence that these structures accommodate with the present
day strain [Mbossi et al., 2026]. These results, combined
with the spatial correlation to active volcanic centers (e.g.,
Mt. Cameroon), supports the interpretation of ongoing
crustal deformation along the CVL, highlighted by mild to
moderate seismicity in this zone [Noel et al., 2014].

5. CONCLUSION

This work revealed a dense network of lineaments,
which provides new findings and proves the efficiency of
the combined approach of utilizing gravity data (XGM2019
e_2159), magnetic data (EMAG2), and topographic data
(GMRT) in analysing crustal structures of the CVL. Previous
research has demonstrated the ability of derivative ap-
proaches to identify certain geologic structures when ap-
plied to gravity and magnetic field data. With the combina-
tion of 2D Laplace transformation on the DEM of the study
area, it is possible to locate more lineaments. Some of the

lineaments identified in this research coincide with old
and well-known faults, thus indicating that old faults could
still have stress and fracturing in those areas. This study
identified 52 previously unmapped tectonic lineaments
across the CVL, representing a significant expansion of the
regional structural database. These newly delineated fea-
tures are validated through: (i) multi-dataset coherence
(gravity, magnetics, topography), (ii) correlation with in-
strumental seismicity, and (iii) 3D structural visualiza-
tion highlighting lineament-bounded crustal blocks. This
refined structural framework advances regional tectonic
models of the CVL and provides a foundation for future
geohazard and geothermal investigations. The result of
this research is in alignment with different researchers
who have concluded that the CVL is a highly fractured
zone, and its tectonic system is still very active.
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