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Abstract: The plutono-metamorphic series of the locality of Zimbi, extends over a narrow strip of 135 km® on the eastern edge
of the gold district of Baden-Colomine in East Cameroon. The work carried out in this locality is based on a cartographic
approach (processing of maps and Landsat-7 ETM + images), combined with a geological and mining survey on the ground
using conventional tools. On the morphostructural level, we observe NE-SW oriented penetrative lineaments. The trajectories of
these are deviated or not in contact with other less dense lineaments, organized in networks of directions N-S, NE-SW,
ENE-WSW, E-W, NW-SE. Parallel to the main Cameroon Center Shear (NO70E), the ENE-WSW network which induces a
significant reversal of foliation on contact, defines a structuring dexter shear zone accompanied by NE-SW and EW satellite
shear zones with dexter kinematics and NW-SE and NS of senestrial kinematics. The lithological diversity allows the facies of
calc-alkaline granite to predominate. Zimbi's range of structural elements highlights a magmatic fluidity substituted in foliation.
The foliation directed NE-SW, of dip (40-90 °) either towards the NW, or towards the SE; carries a linearization of stretch
subméridienne. The folding that affects it is induced by two directions of compression perpendicular N-S to NE-SW and E-W to
NW-SE, which define the voltage slots favorable to mineral concentrations by circulation of mineralizing fluids. The shear zones
and the quartz-feldspathic veins, structures favorable to mineralization such as gold, secondarily affect this complex. These
geomorphological, lithological and structural geology data make the plutono-metamorphic procession of Zimbi a privileged area
for mining research, in the gold district of Baden-Colomine.
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exploration to geologically develop an inventory of the
potential for gold concentration in the rocks of the Zimbi
locality. It is supported by satellite imagery, topographic and
geological maps as well as geological field surveys,
petrographic observations and structural analysis, data
acquired through a conventional geological prospecting
approach help with conventional tools.

1. Introduction

In Cameroon in general and in the Eastern Region in
particular, precious stones (gold, diamonds, sapphires, etc.)
are exploited mainly in the flats of rivers. These are alluvial
ores from the surrounding rocks. Little attention has been paid
to the primary mineralization feeding these alluvial placers. To
go beyond the artisanal exploitation framework and develop a
real mining industry, Cameroon has intensified the geological 2. Geological Setting
and mining research of its subsoil, through the PRECASEM
project, to circumscribe possible polymetallic anomalies
likely to attract potential mining companies of international
scale. This paper presents the results of a preliminary

Zimbi is situated within the Adamawa—Yadé domain [1-3],
in the Central African Fold Belt (CAFB; [4, 2]) in Cameroon.
The CAFB is the southernmost part of the conceptual
pre-Neoproterozoic Saharan “metacraton”, which occupied
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the north-central part of Africa, i.e. the entire region of the
African continent extending north of the Congo Craton and
east of the West African Craton [5, 3]. Three lithostructural
domains have been identified in the Pan-African fold belt in
Cameroon: the Yaounde, Adamawa-Yade, and Northwestern
Cameroon domains [2, 3]. The Adamawa-Yade domain
extends east of the Tchollire-Banyo fault (Figure 1). It is
dominated by 640-610 Ma, syn- to late-collisional high-K
calc-alkaline granitoids, which intrude high-grade gneisses [2,
6, 3]. This domain is dissected by large NE-striking
transcurrent faults thought to be extensions of the major shear

zones of north-eastern Brazil. Reference [2] classified the
rocks of the Adamawa-Yade domain into three main groups:
(a) large supracrustal blocks of Palacoproterozoic
metasedimentary rocks and orthogneiss with contributions
from an Archaean crust similar to the Ntem Complex, (b)
612-600 Ma, low- to medium-grade metasedimentary and
metavolcanoclastic rocks [7]; and (c¢) 640-610 Ma syn- to
late-tectonic granitoids of transitional composition and crustal
origin [2, 3]. Recent geological investigation in the studied
area have recognized migmatites and orthogneisses intruded
by syn-to post-tectonic granodiorites and granites [8].
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Figure 1. Geology of south-eastern Cameroon. (a) Geological diagram showing the position of the Congo and Kalahari cratons in Africa (Batumike et al., 2009).
(b) Geological map of Cameroon (modified after Toteu et al., 2001). The Central African Shear Zone is defined by a system of NE-trending faults comprising
Tchollire-Banyo Fault (TBF), Adamawa Fault (AF), Sanaga Fault (SF) and Kribi-Campo Fault (KCF). (c) Regional geological map of southeastern Cameroon,
showing artisanal gold mining sites and other reported gold indications (Toteu et al., 2001, 2006¢).
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3. Methodology

This work relies entirely on a cartographic approach based
on two aspects; the processing of the maps at the image
processing laboratory of the Institute of Geological and
Mining Research and the geological and mining survey in the
field. The combination of these two approaches made it
possible to release a base map for an advanced mining study.

The cartographic database used in this study includes
geological maps established at 1/200 000 for the localities of
Batouri [1] and Betaré-Oya [9]. Photogeological maps
established at 1/200 000 for these localities were also used. To
these data are added two Landsat-7 ETM + images (scenes
184-56 / 57) acquired on March 2, 2012, corresponding to the
long dry season. These satellite images have been chosen
because of their spectral and spatial characteristics allowing a
good structural mapping on a small scale. The methodology
for extracting lineaments is from references [10] and [11].

The preliminary phase of satellite image processing
consists of eliminating radiometric noise in the ETM + bands
and correcting geometric distortions in order to make them
perfectly superimposable on existing thematic maps
(topographic, geological and photogeological maps). The
ETM + images used here appear without major radiometric
noise and therefore do not require significant processing. The
geometric correction was carried out from ten points of amer
distributed homogeneously over the whole of the study area.

Principal component analysis (PCA), image combinations,
and directional spatial filtering have been applied to image
enhancement [10, 12, 13]. The raw images and the generated
neochannels were used as input images for the application of
techniques more relevant for the enhancement of linear
structures. These include filtering techniques (Sobel filters
and 7x7 gradient) that have been applied to the ETM + 5,
ETM+7,ETM+5/ETM +4, ACP1123 and ACP1567 bands
[10, 11, 14, 15].

The phase of control and validation of geological accidents
extracted from digital processing of ETM + images is essential
to judge the relevance of the method used. The structures
identified from the Landsat 7 ETM + images were subjected to
a frequency analysis where the main directions were
compared with those of the accidents recorded on the
geological map. Auxiliary data from geological and
photogeological maps have been compared to linear structures
or morpho-structural alignment extracted from satellite
images to give them structural significance [16-19]. When the
anthropogenic origin of a linear structure has been proved
(roads, tracks, limits of forests or cultivated areas, etc.), it has
been removed. Thus, those remaining are likely to be a
fracture [8, 20-22]. The detailed fracture network map
obtained in this study is certainly not exhaustive, but is
representative of the fracturing of the Zimbi region (Figure 2).
Fracture networks were therefore analyzed using statistical
and geostatistical analysis techniques.

Direct observation in the field consisted of a location survey,
photographing and measuring the structural elements

identified. To take the measurements, we used the classical
method of measuring with the compass on the object and we
thus measured the direction and the embedding of the linear
elements (lineation, axis of the folds...) and the directions and
dips for the elements planar (foliation, schistosity, shear
plane...). To overcome observation errors and for optimum
statistical data processing, several measurements were taken
on the same structural elements. The brief relative chronology
of the structural elements as well as the determination of the
different lithological assemblages of the sector have been
clearly defined in the field. The various petrographic types
have also been distinguished and their description outlined.
Finally, all artisanal gold mining sites have been identified and
mapped.

4. Results and Discussion
4.1. Morphostructural Data

The analysis in Figure 2b shows the complexity of
geological structures that can control the location and
geometry of gold deposits. It emerges indeed penetrating
(tight) lineaments globally oriented NE-SW and representing
the foliation. The trajectories of this one are deviated or not to
the contact with other less dense lineaments corresponding to
fractures and faults which are more or less organized in
networks of global directions NS, NE-SW, ENE-WSW, EW,
NW-SE. Parallel to the main Cameroon Center Shear (NO70E,
[23, 24]), the ENE-WSW network which induces a significant
reversal of foliation on contact defines a structuring dexter
shear zones accompanied by shear zones NE-SW and EW
satellites of dextral kinematics and NW-SE and NS of
kinematic sinistrus (Figure 2b). Such shear zones are also
targets for gold mineralization to guide field prospecting
[25-28].

The structural sketch (Figure 3) made by superimposing the
Landsat-7 ETM + image and the topographic and geological
maps specifies the structuring of the bedrock of the explored
site, as it reproduces the NE-SW direction of the foliation
trajectories that draw locally folds as well as the
aforementioned fracture system. It also shows that the
hydrographic network sheltering exploited gold placer is
structurally guided, as it follows sometimes the trajectories of
foliation, sometimes the course of fractures [29-32].

4.2. Lithology

Observed on the beds of watercourses or forming slabs at
the top of some hills, the bed-rock of the sector considered is
armed with a porphyritic granite (Figure 3a) to which a
pronounced deformation confers the appearance of an
orthogneiss to net and multiform foliation (Figure 3c). The
wafer facies, accompanied by petrographic types such as
aplites, pegmatites, basic enclaves (Figure 3d), veins of varied
nature (Figure 5), is a granite because of predominant
calc-soda feldspars. However, a preponderant potassic
feldspar sub-facies is observed sporadically in the massif on
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which the area of the largest artisanal mining sites extends
(Figure 3b). Porphyritic granite is associated in the form of
veins (likely to contain gold) of wvariable dimensions
(centimeter to pluridecametric thickness) and parallel or
intersecting on the foliation: (1) a fine-grained and
foliation-like aplitic facies marked by preferential orientation
of minerals (feldspars, biotite...); (2) pegmatites; (3) basic
enclaves in the form of massive amphibolites (Figure 3d) or
coiled in the weft rock (Figure 3b) and (4) quartz veins larding
the entire study area. By comparing the lithology of the study
area with the formations of the same age of the surrounding

areas whose mining activity is sufficiently advanced, we note
that there is a lithological difference between the Zimbi
formations and those of Djal, Bétaré-Oya, Bangbel and
Dimako [1, 33-35] (Figure 1). In fact, the metamorphic and
magmatic formations of these regions consist of
metasediments and migmatites for pan-African paraplegic
rocks, and granitoids for orthodrographic rocks belonging
either to the formations of the Yaoundé group or to the
post-Panafrican cover. The lithology of the study area is
comparable to the igneous and meta-igneous formations of
Batouri [9, 36], Ngoura [37], and Colomine [8].
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Figure 2. Map of the main lineaments of the Zimbi region based on analysis of the Landsat 7 ETM + image (path: 184; row 056).
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Figure 4. Main ductile structural elements of the Zimbi area.
4.3. Structural Analysis

The granite concerned and its lithologic procession present
structures whose earliest corresponds to the foliation. It is a
multifaceted planar structure. Indeed, a primary magmatic
fluidity is underlined by aligned feldspar prisms (Figure 4a),
forming a planar fabric, witnessing an emplacement of the
granite massif in a dynamic context [38]. By lithological
differentiation under stress during the intrusion, this magmatic
fluidity becomes a more or less convoluted foliation (eyelike
orthogneiss) as illustrated in Figure 4b or clearly expressed
through a millimetric to centimeter bedding (alternation of
quartzo-feldspar beds and biotitic ferromagnesians). At the

outcrop, the foliation is often reinforced by a lithologic ribbon
where weft facies, aplitic fine-grained facies, pegmatites or
basic enclaves alternate in parallel "banks". The foliation thus
described corresponds to a zone of weakness along which the
mineralizing fluids (including auriferous) can flow [39]. The
foliation has a preferential direction NE-SW (Figure 4) and a
dip generally strong (40-90 °) either NW or SE. Other
directions (NS, NW-SE, EW...) of the foliation diverge from
this regional orientation, thus highlighting the folding which
affects it and which is induced by two perpendicular
compression directions NS to NE-SW and EW to NW-SE
(Figure 4c, 4d, 6). Compression directions, which determine
the orientation of the favorable tension slots at mineral
concentrations by circulating mineralizing fluids [40, 41, 42,
43, 45]. The foliation surface carries a NNW-SSE NNE-SSW
directional lineation (Figure 4e). It is also locally affected by
micro-waves whose axis (crenulation lineation) tends to
parallelize the stretching lineation (Figure 4f).

The phenomenon of stretching in the granite complex
considered is also manifested by flanges (Figure 5c); these
meet at the level of the pegmatites and basic enclaves which
reinforce the foliation. The extrusion of these petrographic
types is maximum in the NE-SW direction and minimum in
the NW-SE direction. Stretching and strands are elongation
structures within which the crystallizations of gold-bearing
quartz can be carried out in particular at the level of the necks
of strands [44].

The shear zones, structures often hosting mineralization
such as gold, secondarily affect the granite complex. These are
ductile or brittle-ductile shear zones often healed by veins of
aplites, pegmatites, quartz, etc. (Figure 6). At the outcrop, the
orientation of the shear zones is similar to those of the
fractures and recesses identified in the satellite image analysis,
namely EW, ENE-WSW, ESE-WNW and NS (Figure 5a, 5b)..
Two types of quartzo-feldspathic veins have been
distinguished according to their angular relationship with
foliation, their geometry and their relative age. The veins
parallel to S2 have thicknesses which vary between 5 and 10
cm, for a length which reaches the decametre (Figure 5d, 5f).
Some of these veins are extruded and form more or less
separate tubes. The oblique veins at the foliation have
practically the same thicknesses as the preceding ones but
have a length which rarely reaches the meter (Figure 5c, 5e).
The angle they make with the foliation varies from 35 to 104°.
They are slightly or not deformed and are probably quite late
compared to the other type of veins. The structural study of the
mineralized indices of the major gold provinces [40-43, 45]
shows a close link between the development of structures
(shear zones, fractures, faults...) and the establishment of gold
mineralization. Folding hinges are often a prime location for
the development of shear zones and the establishment of
mineralization. Examples include the Musselwhite deposit
from Opapimiskan Lake in Ontario [46] and the Geraldton
deposit in Ontario [41]. The structural sketch of the Zimbi
gold zone (Figure 6) shows similarities with those of these
large metallogenic provinces.
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Figure 5. Main fragile-ductile structural elements of the Zimbi zone.

4.4. Gold Potential of Prospected Rocks

Several works [10, 22, 47] have shown the major
contribution of ETM + images for the recognition of
discontinuous reservoirs. These images offer both spectral and
spatial resolution suitable for good geological study [29-32].
A large number of mineral deposits are located in areas of

tectonic activity such as ancient basins or orogenic belts. It is
therefore not surprising that the vast majority of mineral
deposits are more or less under the influence of its geological
structures. From the point of view of exploration and mining,
the potential impact of such structures, small or large scale, on
the entire project should not be overlooked since they affect
most aspects of the project including content control and
resource estimation. In the Zimbi zone, the explored granite
complex offers the potential for gold mineralization through:
(1) positive alluvial prospecting data (batches data) from the
terraces downstream and at the source of the rivers draining
the massif, evidence of gold mineralization of some of its
rocks (Figure 7); (2) gold-bearing boulders of artisanal gravel
excavated from the edges of fractures affecting the granite and
quartz-veined veins that leave an alignment of automorphic
quartz crystal geodes organized as a palisade (Figure 3e); (3)
the angularity of the elements constituting the gravel exploited,
proof of their transport runs from their granite feed source
(Figure 3e); (4) the numerous veins of aplite, pegmatite,
quartz larding the granite massif in several directions and
highlighting fractures and shear zones, sites of preferential
concentration of sulphides and gold. The association of gold
with pyrite suggests transport in the form of bisulfide complex,
which is a typical means of transport in mesothermal deposits
[49, 50]. The destabilization of the bi-sulphide complex,
which leads to pyrite formation and gold precipitation,
controlled by structural or lithological factors [42, 50, 51].

S1/82

““61:;&@
8

5 %

Orthogneisses and migmatites

|:| Mylonites

- Calco-alkalines granites with porphyritic facies
|:| Granodiorites and Calco-alkalines granites with porphyritic facies - Dextral shear polarity

N

<=

NIZSE

e Foliation trajectory
Fracture and fault

e

== Sinistral shear polarity

7 Important artisanal mining site

Figure 6. Structural sketch of the Zimbi gold zone.



Earth Sciences 2020; 9(2): 52-60 58

Figure 7. Main Gold Mining Sites in the Zimbi Gold Zone.

5. Conclusion

Thanks to the following article, it was possible to come up
with a review of surface geology, through the screening of
morpho structural, lithologic and tectonic characteristics
giving way to auriferous potentialities and to the control of
such mineralisation. The results obtained show that the Zimbi
hydrographic network depends on structures, as the streams to
place gold flow according to either the way of the regional
foliation or of the fractures that affect them; the bedrock of the
explored area is made up of granits crossed by potentially
auriferous aplite, pegmatite, elementary rock and quartz
seams; the granitic lump and its seamy cortege, more often
than not veiled by the vegetal hardiness cover up that limits
direct access to their outcrop, either carry or are a symbol of
the structures (breaks, foliation, folds...) that control the
location and the geometry of the ore gold coverts. The
interpretation of satellite images made it possible to come up
with a less complex definition of mineralised targets, as well
as the prediction of their spatial extension, often obstructed by
pedagogic coverage and the overlay of structures in the rocks.
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