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¢ Poli and Mangbei lithostratigraphic
lelzoic metasedimentary rocks and metavolcanic
rocks) intruded by Y@te Pan-African granitoids and tertiary ring
complexes. For quantitative analysis, 2.75D forward modelling
of these magnetic data was performed using Oasis Montaj v.8.4
along four transects oriented N—S (two lines), NNE-SSW and
NNW-SSE. Well log information, borehole data, geologic maps,
previous geophysical studies, and Euler deconvolution depth
estimates constrained the models derived. In particular, Euler’s
deconvolution estimated the depth to the magnetic sources (faults
and some intrusions) in the 0.39 km to 11.44 km range beneath
sea level. Furthermore, the proposed geological models highlight a

subsurface composed of a volcanic-sedimentary cover overlying a
granitic faulted basement, with some igneous intrusions (doleritic
dyke swarms and granodiorites) and several troughs filled with
volcanic-sedimentary deposits. In addition, these models reveal
that the crust is thinning. The presence of a gfominent greenschist
layer in this area testifies to the thermal hiSgory or degree of
metamorphism of its bedrock.
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Introduction

colo geophysical studies have
-African Belt in Central Africa, with a
ig of crustal formations and their

concerning the Pan African belt in Cameroon. Previous studies
sevealed that this area, because of its pivotal position between the

and the Mayo-Kebbi domain with juvenile crust to the East, and the
Adamaoua-Yadé domain, delimited by the Tcholliré-Banyo Fault to
the south, would have been intensely affected by successive tectonic
events of the Pan-African orogeny [3-7]. As a result, the bedrock
characterization in this area is poorly understood and poses problems
related to 1) the lithostratigraphy; ii) the nature of the contacts
(intrusive, sedimentary, tectonic, metamorphic gradient) between
the different sets; and iii) tectonic and geodynamic evolution and the
implications for mineral resources. The aim of this work is to examine
the metamorphic conditions through 2.75D geophysical modelling of
aeromagnetic data in the Guider-Kaele area, northern Cameroon.

Geological and tectonic setting

The Guider-Kaele area, which belongs to the Pan African domain
in Cameroon, ranges between 09°45” and 10°45°N and 13°15° and
14°30’E. In this area, a soudano-Sahelian climate prevails. The
average temperature is between 24°C and 36°C. As a part of the
northern domain of the Central African Orogeny Belt (CAOB)
in Cameroon, especially the Poli-Lere Group, the study domain
consists of medium to high-grade schists and gneisses of volcanic
and sedimentary origin that formed in a magmatic back-arc context
and Neoproterozoic syntectonic calc-alkaline granitoids [5,7]. The
post-Pan African tectonic calc-alkaline granitoids comprise mafic and
felsic dykes crosscutting granites and syenite intrusions in schists and
gneisses. They align along a NNW-trending line between batholiths
[8]. The above units are covered by unmetamorphosed sediments and
volcanic rocks in several small basins [7,9]. The Palaeoproterozoic
formations and Pan-African batholiths of the Adamawa-Yade domain
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dominate the far southeast of the study area.

Three tectonic events affected the structural development of this
domain, notably a crustal shortening and thickening event caused
by collision between Neoproterozoic blocks followed by syn to
postorogenic shear movements [7,10]. A crustal shortening event is
shown by gentle folding in isoclinal folds with flat-lying foliations
formed by thrust faulting [10]. Later, compressional deformation
is indicated by vertical and NNE-trending foliations and by tight
upright to reclining folds [11]. In the Poli area, this deformation is
accompanied by dextral and sinistral shearing (Figure 1) [12].

Aeromagnetic data acquisition and processing

The aeromagnetic data used in this study were acquired from the
Africa Magnetic Mapping Project (AMMP) surveys of PGW Ltd.
(Paterson, Grant & Watson Limited) in collaboration with GETECH
and ITC. The flight path was flown at 235 m above the topographic
level with a line spacing of 750 m along the N135°E azimuth. Each
individual survey was corrected for diurnal variations and gridded
using a standard minimum curvature into one coherent dataset.
Then, the regional magnetic field of the Earth or the International
Geomagnetic Reference Field (IGRF) was removed from the signal
to produce a Residual Magnetic Field (TMI), which was gridded at
1/5 of the flight line spacing and displayed as a colour image. Then,
the TMI grid was Reduced to The Equator (RTE) using the inclination
and declination angles of the IGRF (-1.01° and -3.96°, respectively).
The RTE anomaly map contains both small wavelength anomalies,
high-intensity anomalies created by magnetized sources at the surface
or at shallow depths, and longer wavelength anomalies related to
deeper sources. To amplify the effect of the deeper sources, the RTE
data were collected upwards to a height of 1 km above the Earth’s
surface (Figure 2).

Methodology

The Euler deconvolution method

measures {
shown by

) 7);

g of the total magnetic field,;

(SI), which characterizes the type of source and the rate of
variation of the field with distance. The value of N depends on
the assumed source geometry.

For magnetic data, N takes values from 0 to 3 [13,14]. Reid
et al., showed that only low structural indices (0 to 1) provide the
best depth estimates [14]. The Euler depths appear wherever there
are lithological discontinuities in the geological formations. They
represent the structural and/or stratigraphic changes in various
geological formations [15].

Magnetic modelling

For the present study, forward modelling of the source body was

performed with the GM-SY'S module in Oasis Montaj v8.4 to obtain
the optimal fit of the generated source model to the magnetic data.
The GM-SYS module helps to calculate the magnetic response from
a geological cross-section model.

The methods used to calculate the model’s response are based
on the methods of Talwani et al., as well as the algorithms described
by Won et al., Two-and-a-half-dimensional calculations are based on
Rasmussen et al., [16-19]. The GM-SYS inversion routine utilizes
a Marquardt inversion algorithm and the USGS computer program
SAKI to linearize and invert the calculations [20,21].

Results

Analysis of total magnetic anomaly inte
the Equator (RTE)

ity Reduced to

The RTE magnetic map (Figure reveals anomaly values

susceptibility. Anomalies 1 and 2 occur over the medium
0 high-grade gneisses of the NW Cameroon terrane and post-
N African sediments. In contrast, anomalies 3 and 4 occur over
metamorphic Precambrian substrata (ectinites and migmatites)
overlain by sedimentary formations (Figure 1) [22]. The extent of
these low-amplitude magnetic maxima implies that the magnetic
susceptibility of the gneisses is relatively low, with some regions
(small wavelength maxima within the region of anomaly 1) having
higher susceptibility values.

This could be due to high-grade gneisses or isolated mafic
or metaigneous bodies [23]. In fact, in the study area, the level of
weathering of rocks is highly variable. For example, the outcrops
encountered and observed in situ show folded, faulted and fractured
rocks with some weathering facts available on the ground surface. This
weathering impacts the petrographic and geochemical characteristics
of rocks and thus the magnetic susceptibility of these rocks.

The upwards continued RTE map exhibits similar patterns of
high and low magnetic anomalies, as shown in Figure 2. The upwards
continued RTE anomaly ranged from -164.47 to 288.31 nT. The
upwards continued RTE map is basically a smoothed version of
the RTE map and contains prominent negative (long wavelength)
anomalies distributed in the northeastern, central, and southern parts
of the study area.

This map clearly highlights positive and negative prominent
anomalies roughly elongated in the ENE-WSW direction. The
persistence of prominent anomalies with great wavelengths, low-
amplitude magnetic maxima (anomalies 1 and 2) and slightly greater-
amplitude magnetic minima (anomalies 3 and 4) observed in the
northern portion of the map (Figure 3) shows that they are associated
with deeper structures. In addition, the upwards continued RTE map
shows attenuated anomalies (anomalies 8, 9 and 10) that are also
related to upper crustal lithologies (Figure 3).
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Figure 1: Simplified geologic map of the study area (Penaye.et al., 20006,
Pan-African sediments (I™); 2-Late to posttectonic Pan-Africe anitoids (H); 3-Syntectonic granites (H); 4-Mayo-Kebbi batholith: tonalites,
trondhjemites and granodiorites (" ); 5-Medium-to high-grade§ S fthe NW-Cameroon domain (' ); 6-Mafic to intermediate complex of
the Mayo-Kebbi domain (metadiorites and gabbro diorites) and ampHibolitcs’(m); 7-Neoproterozoic low-to medium-grade volcano-sedimentary
sequences of the Poli-Léré Group (H); 8-Remobiligeghpalacoprotérozoic Adamawa-Yadé domain (H); 9-Thrust front (7); 10-Strike-slip fault:
Tcholliré-Banyo shear zone, Godé-Gormaya sk @ . Balche shiear zone (#); 11-State border (--).
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Figure 2: Total magnetic anomaly intensity reduction to the equator map of the study area.
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Figure 3: RTE map upwards continued to 1 km above the Earth’s surface.

The distribution of these different patterns clearly suggests that
the study area is characterized by zones of high and low magnetic
susceptibility within different lithologies at depth. Microfaults and
microfolds observed in the field were more developed and prevalent
within some metamorphic rocks. The structures have various strikes
(NE-SW, NNE-SSW and E-W) and subvertical dips, in accordance
with the regional structures controlling them. These fau

boundaries, faults and
0.25 and 1.25, corres

formations in the stu@y area. The depths of the faults and contacts
ranged from 0.39 km'to 11.44 km in the NNW-SSE, NE-SW, NW-SE,
and E-W directions.

Euler solutions for structural index SI=0.25: The solutions for
a structural index of 0.25 (Figure 4a) are located between 0.39 km
and 6.6 km depth, with an average depth of 2.32 km. These solutions
are more clustered and mainly follow the NW-SE, NE-SW and E-W
directions. Most of these solutions represent deep-seated structural
features. The surface features and resulting lineaments are located
above 0.39 km in depth. The moderately deep-seated solutions are
in the central, eastern and southwestern parts of the study area, while
the depth solutions of other parts of the area are relatively shallow
under an average depth, thus inferring shallow magnetic anomaly

14°00'
LONGITUDE (Km)

solutions for structural index SI=1.25: The Euler
olutions for the structural index of 1.25 (Figure 4b) provide a depth
ge from 0.76 km to 11.44 km. As shown previously, there are more
imilarities and clusters of solutions with solutions for a structural
index of 0.25. The observed abundance of solutions in the study area
implies the existence of a broad set of dykes or vertical faults. These
clusters are crosscut by those due to deep magnetic sources (> 5 km)
oriented NE-SW, which have linear stacks of solutions predominant
in the NE-SW, NNW-SSE, E-W and NW-SE directions. There is a
lack of solutions in the northern, western, eastern, and southern
margins of the study area (Figure 4b).

The patterns of Euler depths obtained by interpolation of each
structural index are similar and show that the bedrock of the study
area is strongly affected by intermediate and deep tectonic features (>
3 km), which seem not to exceed a depth of 7 km. The values obtained
are within the range of those obtained by previous researchers in the
area. There is also a concentration of deep magnetic sources mainly
along the NE-SW to ENE-WSW directions. This zone is particularly a
large-scale apparent average depth zone oriented along the Mousgoy-
Moutouroua axis, which would have imposed these preferential
directions in both cases. This axis, which contains a set of granitoids
and orthogneisses, would therefore be dominated by the structural
imprint of the metagongroses of the Mayo-Kebbi domain. Some
previously known lineaments and features in the area are highlighted
through a clustering of solutions that coincide with their directions.
Then, a general trend in the zone of weakness can be observed and
linked to the regional tectonic features encountered in the study area.

According to both Euler maps, the northeastern area has no more
solutions, which implies extremely weak tectonics in that zone. The
deepest geological features are located below 5 km; they follow the
NNE-SSW, E-W and NNW-SSE directions and dominate the study
area (Figures 5a and 5b).
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Figure 5a: Euler depth map of the study area for SI=0.25.
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Figure 5b: Euler depth map of the study area for SI=1.25.
Magnetic modelling

In general, the shape of an anomaly can help to determine the
shape and position of density or magnetic contrasts. Theoretically,
several geometries will fit a particular anomaly. However, in practice,
using realistic geological or other geophysical controls, anomaly
fits provide real numerical constraints on anomaly sourges [27].
Furthermore, the shape and amplitude of the magnetic
depend on many other variables in addition to the concentra
magnetic minerals present, which include the geometry and depiths6
the dep051t its orlentatlon relatlve to the magne

X

accepted (Figure 6) [24].

Profile 1: The ma,
near the Mindif-Kaele a
this transect, the magnetic intensity oscillates between

. This is possibly caused by

oximately 11.4 km, while it peaks at
from the north. This variability in the
magnetic field intens
of the Earth’s crust (E

The modelled geological section highlights a subsurface
sequence formed by a sedimentary cover including detrital sediments,
lagoon-lacustrine sandstones, or arkose-sandstones with a magnetic
susceptibility of 0.0209 SI. The latter are bottomed by schists (with
a magnetic susceptibility of 0.003 SI), which overlie a crystalline,
tabular, and faulted basement.

The whole basement consists of gneissic and granitic formations
(syn-tectonic granites) with susceptibilities of 0.025 SI and 0.05
SI, respectively. This geological model also highlights a prominent
intrusion or batholith overlain by sedimentary formations that extend
down beyond 10 km depth into the crystalline basement. The magnetic

to south suggests a zone of surrection, the consequence of
vhich would be the rise of the granito-gneissic or granito-migmatitic
scment, which would result from the Pan-African orogeny. In
addition, given the stratigraphy and apparent geometry of the
basement, this geological model reveals a sedimentary basin with
crystalline bedrock, which, according, constitutes the envelope form
and emphasizes the synclinal termination of the Maroua volcano-
detrital vein [29].

Profile 2: Magnetic profile P2 is also north-south, measures
approximately 84 km in length, and cuts the study area longitudinally
along the Guider-Figuil axis. Along this transect, the observed
magnetic field anomaly varies from -67.9 to 210 nT. The profile is
irregular, and the occurrence of many peaks indicates the presence
of discontinuities or geological features (Figure 8). The fairly high
magnetic signal in contrast to that in the first profile is a probable
signature of near-surface high magnetic susceptibility formations.

Like in transect P1, the geological model is a three-layered
subsurface. The sedimentary cover (k=0.0209 SI) consists of
limestone, conglomeratic arkosic and ferruginous sandstone layers;
then, a schist layer (k=0.003 SI) is bottomed by a basement made up
of gneisses (k=0.025 SI) and granites (k=0.05 SI) (Figure 8).

In addition, this geological model highlights intense fracturing
of the crystalline substratum, whose northern block seems to have
collapsed while the southern block has moved up. This apparent
configuration suggests the existence of multiple faults with vertical
displacement and justifies the presence of a crystalline basement uplift
observed along this cross section. Therefore, the model’s general
architecture suggests that regional metamorphism heavily affected the
local basement. This general architecture and the lithology derived
from the model therefore highlight that the combined effects of
intense tectonic activity and regional metamorphism heavily affected
the basement of this area.
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Profile 3: The magnetic cross-section P3 is approximately 33 km
in length in the NE-SW direction and is located in the Bossoum-
Dourbeye surroundings. Along this transect, the intensity of the
magnetic field anomaly oscillates between -55 and 155 nT. The 2.75D
modelled subsurface sequence shows a downwards sedimentary
cover lying on top of the schists, and these two geological formations
(sedimentary cover and schists) overlie a crystalline faulted basement,
which consists of gneisses and granites. The model also highlights a
dolerite (k=0.062 SI) rooted in the gneisses, which would have been
emplaced during the syn-orogenic reactivation phases. Therefore, this
hypabyssal intrusion resulted from swarms of dikes emanating from
a large intrusive body at depth and was facilitated by fracturing of the
gneissic formations or lithostratigraphic contact (Figure 9).
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major fracturing of th¢’granitic bedrock, which was filled by the schist
layer. These subsurface faults, fractures, or parts of the geological
layers could test the extent and impacts of the tectonic events that
occurred during the Pan African orogeny (Figure 10).

In addition, the modelled crystalline basement sometimes
collapsed or rose and was dotted with subbasins of the sedimentary
layer. From northwest to southeast, the geomorphology of this granitic
basement suggests an uplifted zone, which results from isostatic
compensation, and the presence of a probable granitic unconformity
or schistogneissic layer affected by an extensional trough. The
thickness of the schist layer, which results from the metamorphism of
sedimentary formations with carbon or clayey materials, indicates the

extent of the sinking of this synform or syncline.

NwW SE

Magnetics (nT)

Depth (km)
'

, which fit the regional trends. With regard to the major
directions, spatial distributions, and roof depths of the investigated
ictures obtained by the application of Euler’s deconvolution
method, these geological formations would indeed be deep-seated.
The structural trends highlighted suggest that the main NE geological
feature is the tectonic imprint of the Katanguian orogeny, which
controls the tectonic arrangement of the Pan-African domain and
was confirmed by the Massenya-Ounianga heavy gravity anomaly
line [2,30]. In addition, according to some authors, this dominant
structural trend could also be due to the opening of the South Atlantic
Ocean, for which the direct insight was the collapse of the unstable
corridor of northern Cameroon and southern Chad, with a main
NNE-SSW structural trend. Thus, this configuration suggests the
earlier hypothesis for global NE-SW geological and tectonic features
[30-33].

The geological models obtained through 2.75D modelling
highlight a mainly faulted geological environment. These geological
models revealed sedimentary, metamorphic, and igneous formations
overlying a syntectonic granitic basement. The presence of strongly
foliated metamorphic rocks such as schists and gneisses in this area
suggests that this region could either have been affected by regional
metamorphism or originated from deformation under differential
stress conditions resulting from tectonic forces, as witnessed by
the several metamorphosed rocks occurring in the eroded mountain
chain (e.g., as seen in Mindif surroundings) [34]. The hypothesis of
regional metamorphism seems to be confirmed by the presence of a
thick schist layer in the four subsurface 2.75D models. In addition,
according to previous geophysical works and geological information,
with regard to the geometry, thickness, and spatial disposition of
layers, the dominant metamorphic facies in the area under study
result from high-temperature and high-pressure geothermal gradients
[1,30,35,36].
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These geological models also highlighted faulting and a
southwards progressive thickening of the crust. This occurs because
the crust in that area sinks farther either to compensate for the
added weight or to react to compressional stresses in the rocks
due to tectonic forces. The upwelling or crustal thinning zones,
considering the hypothesis of an isostatic phenomenon, could be due
to a shallow or deep prominent magmatic source. Several authors
have linked this configuration to the tectonic accidents affecting this
region [1,36]. For example, those affecting Central Cameroon with
the establishment of horsts represented by the Adamawa granites or
an E-W extension phase prevailed on the Cameroon Volcanic Line
[37,38]. Therefore, the several probable subbasins observed in these
modelled transects could result from the manifestations of regional
isostatic compensation following the elevation of the Adamawa horst,
which is in isostatic equilibrium at altitudes below 1000 m [35].
In addition, since the Pan-African belt, in which the study area is
located, underwent various tectonic events marked by several rifting
phases characterized by prerift deformation followed by crustal
thinning. Accordingly, with the idea of crustal thinning on a regional
scale seems more plausible [30].

Furthermore, the modelled sections revealed several high
magnetic signatures interpreted as intrusions with different
susceptibility values. These intrusions vary from one profile to
another and suggest potential mineralization zones in this region.
Their presence could result from the upwelling of igneous material in
the area, probably through diapiric activity, which is a sliding regime
leading to the segregation of granodioritic magma [39]. In fact, the
green schist facies encountered in the field results from thermal
changes leading to the transformation of clays (shale) and limestone
into schists and marble, respectively, reaching the green schist fames
This modified the original stratification of the layers observ
field, giving them a subvertical dip. This hypothesis could expla
presence of high magnetic susceptibility (k=0.051 SI) granod
observed in profile P1 near Mindiff and another hig
intrusion (k=0.062 SI) in profile P3. In addito
plutonism resulting in occasional erosion o @ J

records Pan-African late and postorogenic in®

intrusive bodies is facilitated by a
allows upwelling of mantle mat
dikes, swarms all emanatin
These faults likely weake;

sedimentary formatiofs.

Conclusion

range ofamplitudes @fidwavelengths, with arelatively good correlation
between the anomalie§’and some morphological features, as observed
in northwestern Cameroon. The reduced to equator anomalies map
presents mainly northeast-trending minima and maxima anomalies
that are roughly parallel to the strike-slip tectonic episodes. Euler’s
deconvolution highlights more clustered solutions from south to
north characterized by depth values ranging from 0.39 km to 11.44
km. These clustered solutions highlighted several main E-W, NE-SW
and NW-SE trends, which fit the regional trends. The 2.75D forward
models obtained highlight faulted and folded geological facies
characterized by the presence of several metamorphic rocks. This
study suggested that the area was affected by many tectonic features
during the Pan African orogeny. Several unconformities materialized
by folded and faulted basement or synclinal troughs separated by

anticlinal ridges have been highlighted.
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