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Abstract

The aim of this study is to carry out hydrothermal alteration mapping and
structural mapping using ASTER images in order to identify indices that could
guide mining exploration work in the Poli area and its surroundings. To achieve
this, the ASTER images were first preprocessed to correct atmospheric effects
and remove vegetation influence. Secondly, a lineament mapping was con-
ducted by applying Discrete Wavelet Transform (DWT) algorithms to the
First Principal Component Analysis (PCA1) of Visible Near-Infrared (VNIR)
and Shortwave Infrared (SWIR) bands. Lastly, band ratio methods were ap-
plied to the VNIR, SWIR, and Thermal Infrared (TIR) bands to determine
indices of iron oxides/hydroxides (hematite and limonite), hydroxyl-bearing
minerals (chlorite, epidote, and muscovite), and the quartz index. The results
obtained showed that the lineaments were mainly oriented NE-SW, ENE-WSW,
and E-W, with NE-SW being the most predominant direction. Concerning
hydrothermal alteration, the identified indices covered almost the entire study
area and showed a strong correlation with lithological data. Overlaying the
obtained lineaments with the hydrothermal alteration indices revealed a sig-
nificant correlation between existing mining indices and those observed in
the field. Mineralized zones generally coincided with areas of high lineament
density exhibiting significant hydrothermal alteration. Based on the correla-
tion between existing mining indices and the results of hydrothermal and struc-
tural mapping, the results obtained can then be used as a reference document
for any mining exploration in the study area.
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1. Introduction

For several decades, the advancement of precise remote sensing technology has
significantly impacted the progress of numerous nations. This influence has been
most notable in enhancing understanding and insights across crucial economic
sectors, including mining, oil exploration, agriculture, water resource manage-
ment, environmental monitoring, urban development, and disaster preparedness,
among others. The utilization of remotely acquired data offers a unique advantage
by providing a comprehensive overview of extensive regions, unencumbered by
limitations that on-site investigations often face, such as constrained study areas,
logistical challenges, unpredictable climatic conditions, natural disasters, and
socio-political instability. As a result, surveys conducted through remote sens-
ing methods demand less time and financial resources while delivering supe-
rior outcomes compared to traditional ground-based research, when effectively
employed. In the context of Cameroon, a significant portion of the country
remains unexplored due to various factors, including the prohibitive costs as-
sociated with direct mineral exploration. This holds true for the North Came-
roon region, particularly in the Poli area, where exploration efforts have re-
mained limited despite the region’s abundant mineral potential. To capitalize on
the advantages offered by remote sensing imagery, we have leveraged the grow-
ing popularity of ASTER images (Deroin, 2019; Ouhoussa et al., 2022) for con-
ducting reconnaissance mapping in the Poli area. The Poli area is located in the
Northern Cameroon region, bounded by the latitude coordinates 08°10'39" and
08°34'22" North, as well as longitudes 13°03" and 13°31' East. This area covers an
area of 2298.3 km® with a length of 52.212 km and a width of 43.717 km. Pre-
vious works in this area associate the study area with the Poli group (Bouyo et
al., 2015; Negue et al., 2017). The Poli group is characterized by the presence of
metavolcanic and metasedimentary formations. These authors also mentioned
the presence of gold and uranium mineralizations associated with geological
structures such as faults and fractures in the region. The most recent remote
sensing works in this study area, notably Anaba Fotze et al. (2019) and Ketchaya
et al. (2021) focused on mapping regional hydrothermal and structural alteration
using Landsat OLI 8 images. However, to provide more accurate and localized
information on hydrothermal alteration and structural mapping, ASTER data,
which offers better precision and efficiency compared to Landsat OLI 8 (Baid et
al., 2023), was used. This approach is innovative in this context as it has never
been used before in this study area. Thus, to achieve the set objective, the present
work is divided into two main goals. First, mapping of lineaments will be per-
formed using the wavelet transform of ASTER images. Second, mapping of hy-
drothermal alteration indices will be conducted using band ratios and spectral
analysis to identify areas rich in iron oxides/hydroxides and hydroxyl-bearing

minerals.

2. Geological and Mining Setting

The geological configuration of Cameroon reveals its location to the north of the
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stable Congo craton. According to Penaye et al. (1993), Toteu et al. (2001) and
Njanko et al. (2010), Cameroon is part of the Central Africa Fold Belt, a mega-chain
that stretches over 5000 km in length and 3000 km in width (Bouyo et al., 2013).
This belt mainly comprises large blocks of Precambrian rocks separated by ex-
tensive areas of metamorphosed sediments (Lasserre & Doba, 1979; Bessoles &
Trompette, 1980; Affaton et al., 1991). The Central Africa Fold Belt in Came-
roon is divided into three main domains based on geochemical, geophysical,
and geological characteristics: the Southern Cameroon Domain (SCD), the
Northern Cameroon Domain (NCD), and the Central Domain, also known as
the Adamaoua-Yade Domain (AYD) (Figure 1(a)) (Ngnotué et al., 2000; To-
teu et al., 2004; Nzenti et al., 2006). The Poli zone belongs to the Northern Ca-
meroon Domain of the Central Africa Fold Belt in Cameroon (Penaye et al.,
1993; Toteu et al., 2001; Njanko et al., 2010). According to Abdelsalam et al.
(2002, 2011), the NCD resulted from the collision between the AYD and the
Sahara metacraton. The NCD and AYD are separated by the sinistral Tchol-
liré Shear Zone (TSZ) trending NE-SW. The study area is located west of the
TSZ and belongs to the Poli group. According to Penaye et al. (2006) and Pin-
na et al. (1994), this group corresponds to an early back-arc orogenic basin

formed around 700 to 665 Ma. It is predominantly composed of metavolcanic
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Figure 1. Geological sketch map of the Central African Fold Belt (CAFB) showing location of Neoproterozoic supra crustal se-
quences: (1) Post-Pan-African cover; (2) Platform cover on the Congo craton; (3) Neoproterozoic units; (4) Granitoids, gneisses
and migmatites of various ages of the basement complex; (5) Palaeoproterozoic Nyong Group; (6) Congo craton. The dotted line
represents political boundaries. TBSZ: Tchollire-Banyo Shear Zone; CCSZ: Central Cameroonian Shear Zone; SF: Sanaga Fault.
The Adamawa-Yadé Domain (AYD) extends between the TBSZ and the Yaoundé Group: (7) Gneiss; (8) Volcano-sedimentary
rocks; (9) Late to post-Pan-African tectonics granitoids; (10) Post-Pan-African sediments, (11) AYD; (12) Faults. Source: Penaye
et al. (2006).
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and metasedimentary formations (Figure 1(b)) (Penaye et al., 2006). The meta-
volcanic formations consist mainly of sodic rhyolites and tholeiitic basalts, while
the metasedimentary formations are predominantly composed of volcanogenic
clastic rocks like tuffs or variably reworked clastic rocks of intermediate compo-
sition such as meta grey wackes (Toteu et al., 2006). From a mining perspective,
the Poli zone is characterized mainly by the presence of uranium mineralizations
around the towns of Poli, Bantadjé, and Salaki. According to Kouske et al.
(2012), uranium mineralization is a result of Na-Ca metasomatism and is asso-
ciated with brittle faults that cross-cut ENE trending ductile shear zones. Gold is
also found in the localities of Bibemi, Tcholliré, and Bantadjé. For Pinna et al.
(1994) and Embui et al. (2013), these mineralizations are mainly located in frac-
tured zones and are believed to have originated from batholithic granite forma-
tions. The gold concentrations can reach up to 1.12 g/t or even 2.79 g/t (Bouyo et
al., 2015). However, mineral exploration processes are still ongoing within the

study area.

3. Data and Methods
3.1. Data

Two ASTER images of L1T type were downloaded from the website

https://earthexplorer.usgs.gov, covering the entire study area, and acquired on

November 26 2006, corresponding to the beginning of the dry season with a
complete absence of clouds. The L1T-type images have undergone correction
for geometric effects through georeferencing to the UTM (Universal Trans-
verse Mercator) WGS 84 coordinate system, as well as radiometric effects (Iwasaki
& Tonooka, 2005). The ASTER Images consist of 14 spectral bands grouped
into three domains: VNIR (Visible Near-Infrared), SWIR (Shortwave Infrared),
and TIR (Thermal Infrared). In this study, we use ASTER satellite imagery to
detect and identify hydrothermal alterations and map lineaments in the Poli

area.

3.2. Methods

3.2.1. Preprocessing of ASTER Images

The two ASTER scenes were mosaicked, and subsequently, the study area was
extracted. Although the image was downloaded during the dry season, it still
shows some anomalies. The effects of clouds and aerosols have been eliminated
through atmospheric correction carried out using the FLAASH module in ENVIL.

Furthermore, the vegetation effect has also been removed from the image.

3.2.2. Processing of ASTER Images

1) Lineaments mapping by DWT

The DWT represents an advancement in signal processing compared to the
Fourier transformation. This method relies on small waves called wavelets, which
can have varying frequencies and exhibit higher sensitivity to local variations
(Gonzalez et al., 2007; Mallat, 1989). It has demonstrated significantly better re-
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sults for mapping structures on satellite images (Bachofer et al., 2016). In this
study, the PCA1 band, containing all the information from the ASTER image, is
utilized for structure mapping. Once applied to the image, three component im-
ages are obtained: HC (Horizontal Component), VC (Vertical Component), and
DC (Diagonal Component). Each of these images enhances structures along the
N-S, E-W, and NE-SW directions, respectively. The lineaments are manually ex-
tracted from each image using the QGIS 3.28 software.

2) Image processing methods

a) Principal Component Analysis (PCA)

Multi-spectral data from different channels often contain similar information,
and PCA transformations are used to reduce this data redundancy. The resulting
“new” bands are referred to as components, allowing the reduction of the infor-
mation contained in 5 or 6 channels to just three components while retaining
over 90% of the original information. This is an effective technique for enhanc-
ing a multi-spectral image for geological and structural interpretation (Pour &
Hashim, 2015). In this study, the PCA image obtained by combining SWIR and
VNIR bands was used as a basis for identifying lineaments through DWT.

b) Band Ratio (BR) technique

The BR technique is based on mathematical operations that generate new images
from selected bands. Its purpose is to mitigate the effects of topography and en-
hance contrast between mineral surfaces (Di Tommaso & Rubinstein, 2007). This
operation allows the combination of information from multiple bands into a single
band. Various permutations of VNIR, SWIR, and TIR bands have been em-
ployed to create band ratios. The band ratios (B5/B3 + B1/B2), (B4 + B6/B7)/(B8 +
B9/B5), and (B14)/(B12) allow us to highlight iron oxides/hydroxides, hydrox-
yl-bearing minerals, and quartz index, respectively.

3.3. Methodology Workflow

In general, downloaded images undergo preprocessing for atmospheric correc-
tions. Subsequently, step-by-step processing methods are applied to the image to
extract structural information and hydrothermal alteration features. Structural
mapping is performed using the wavelet transform algorithm programmed in
Matlab, while hydrothermal alteration mapping is carried out using the band ra-
tio method. The validation of the obtained results is conducted through two ap-
proaches. Firstly, by comparing the spectral signatures of alterations with those
in the USGS (United States Geological Survey) database. Secondly, a field verifi-
cation is conducted to identify and confirm the areas of alteration. The overall
methodology approach for this work is illustrated in Figure 2.

4. Results
4.1. Lineament Mapping Using DWT

The ACP 1 image, containing the majority of information from the other bands,
is used for lineament detection. Firstly, it is subjected to the DWT algorithm,

which produces three main exploitable images as results.
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Figure 2. Flowchart showing the main steps of the methodology approach.

The Vertical Component (VC) (Figure 3(a)) highlights the N-S direction li-
neaments, the Horizontal Component (HC) (Figure 3(b)) emphasizes the E-W
direction lineaments, the Diagonal Component (DC) (Figure 3(c)) highlights
the NE-SW direction lineaments, and finally, the Approximation Component is
similar to the input image. The lineaments are manually extracted from these
images using the QGIS 3.28 software. After combining the lineaments extracted
from the Vertical Component (VC), Horizontal Component (HC), and Diagonal
Component (DC) components, a correction was applied by a true-color RGB
(432) image with the aim of removing lineaments associated with roads and pre-
valent plantation alignments in the study area.

Figure 4(a) displays the distribution of lineaments in the study area. The ob-
tained lineaments vary in size, ranging from 0.9 km to 5 km. The directional rose
plot in Figure 4(a) shows three main directions: NE-SW, ENE-WSE, and E-W,
with the NE-SW direction being predominant in the area. Figure 4(b) illustrates
the density distribution of the lineaments. It can be observed that highly dense
areas are mainly located at the center of the study area, including the Salaki, Poli,
and Hoy regions, which exhibit a high density of lineaments. Additionally, a
small region in the extreme Southwest of the Bantadjé area shows a high density

of lineaments.

4.2. Hydrothermal Mapping

4.2.1. Oxides/Hydroxides
The detection of oxides and hydroxides was performed using the SWIR and
VNIR bands of the ASTER image. According to Hung et al. (2005), these minerals
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exhibit high reflectance in the visible domain between 0.78 um and 0.86 pm and
low reflectance between 0.4 pm and 0.9 um. Oxides and hydroxides are typically
identifiable in the field due to their reddish coloration resulting from rock alte-
ration. This coloration is attributed to the presence of ferric and ferrous ions in
the rocks. The band ratio (B5/B3 + B1/B2), as described by Ouhoussa et al. (2023),
was also applied in our case to highlight oxide and hydroxide minerals in the
study area. Spectral analysis of the identified zones revealed high reflectance values
for wavelengths ranging from 0.1 to 1.0 um (Figure 5(b), Zone 1) and 0.5 to 1.1
pum (Figure 5(b), Zone 2). By comparing these values with the spectral library of
USGS, it was found that these zones likely correspond to hematite and limonite,

respectively.
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Figure 3. The DWT decomposition of PCA1 image: (a) Vertical details, (b) Horizontal details, (c) Diagonal details and (d) Ap-
proximation details at Level 1, respectively.
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Figure 5. (a) Surfaces of iron oxides/hydroxides detected during the processing of the ASTER images; (b) Spectral signatures of a
few pixels belonging to areas rich in iron oxides and hydroxides.

The map in Figure 5(a) displays the distribution of these minerals in red col-
or, showing a concentration of these minerals at the center of the study area,
mainly on the slopes of the hills. These areas are identifiable on the field by their
distinct red coloration, as seen from a distance (Figure 6). Based on the geolog-
ical map and field observations, we can infer that these indicators are predomi-
nantly associated with the formations of schists and gneisses in the study area.
Their origins are likely linked to the alteration of primary minerals such as magne-
tite and pyrite.
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Alteration zones

Figure 6. Areas of alteration on the hillsides.

4.2.2. Hydroxyl Bearing-Minerals

The alteration of hydroxyl-bearing minerals mainly consists of clays, micas, and
talc carbonates. The detection of these minerals is primarily done using the SWIR
bands. Hydroxyl-bearing minerals exhibit significant reflectance in the wave-
lengths 1.5 - 1.6 pm and 2.1 - 2.3 ym (Sultan et al., 1987; Eldosouky et al., 2017;
Mars & Rowan, 2006; Amer et al., 2010). The band ratio (B4 + B6/B7)/(B8 +
B9/B5) (Ouhoussa et al., 2023) has yielded excellent results and enabled the
identification of clay-rich alteration zones. Spectral analysis of the identified
zones reveals three areas with different reflectance values. The first zone exhibits
high reflectance between wavelengths 2.0 um and 2.2 pm (Figure 7(b), Zone 1),
while the second zone shows increased reflectance between 1.5 pym and 2 pm
(Figure 7(b), Zone 2). After comparison with the USGS Library, it is apparent
that these zones correspond to the response of chlorites and muscovites, respec-
tively. The third zone (Figure 7(b), Zone 3) displays low reflectance between
wavelengths 2.2 um and 2.5 pm, which would be indicative of epidote according
to the USGS Library. Based on the geological map and field observations, these
pixels are found to coincide with clay-rich areas, mainly in the valleys (Figure
7(d)), outcrops of muscovite-rich schists (Figure 7(c)), and sometimes heavily

altered granitic mountainous regions.

4.2.3. Quartz Index
Rock formations rich in quartz elements exhibit a high absorption of SiO, in the
TIR (Thermal Infrared) domain (Di Tommaso & Rubinstein, 2007; Safari et al.,
2017). Therefore, the TIR bands have been employed to identify areas with
quartz indices. The normalized formula (B14)/(B12) from Rowan and Mars (2003)
was used to determine the quartz-rich zones. Spectral analysis of two areas re-
vealed a very strong reflectance between wavelengths of 9 um to 11 um (Figure
8(b)).

The observation of the map in the figure shows an abundance of quartz indic-

es in the study area. The quartz indices are more densely concentrated in the
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Figure 7. (a) Surfaces of iron hydroxyl-bearing minerals detected during the processing of the ASTER image; (b) Spectral signa-
tures of a few pixels belonging to areas rich in hydroxyl-bearing minerals; (c) Muscovite on a schist; (d) Clay bed in the lowlands;
(e) Clay layer in an artisanal gold mining site.

central area between Bantadjé village and the city of Poli, which corresponds to
the response of granite mountainous formations covering this area (Figure
9(c)). The concentration in the extreme northwest of the study area corresponds
to the response of the mountainous massif of Mount Gode. The areas with low
concentrations would correspond to the response of quartzites, quartz veins in
gneissic and schist rocks (Figure 9(d)), and quartz pebbles present in the wa-

tercourses (Figure 9(e)).

5. Discussion

Hydrothermal fluids are primarily transported through geological structures
such as linear features (faults, fractures) (Koike et al., 1998). Additionally, the

contact zones between multiple linear features can be considered as fractures
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Figure 9. (a) Granite outcrop on Mont Kitongo; (b) Quartzite outcrop; (c) Quartz pebbles in a tributary of the Bantadjé mayo.

(Koike et al., 1998). In the context of this study, the linear features obtained
through ASTER data processing using DWT indicate a prevailing NE-SW direc-
tion, which corresponds to the main structural trend in the Poli area (Dumont et
al., 1985; Njel, 1986; Nomo et al., 2017). This direction is followed by E-W and
ENE-WSE orientations, as shown in the directional rose diagram in Figure 4(a).
The significant presence of fractures suggests good permeability for the circula-
tion of hydrothermal fluids and groundwater. Moreover, these linear features
serve as indicators that could be followed in gold exploration, as the formation
of secondary minerals (such as quartz, chlorite, and epidote) is closely linked to
their presence and influence. The density map of linear features (Figure 10(a))
has been divided into areas of high and low linear feature density. Overlaying
this map with known mining indices and those observed in the field (Figure
10(a)) reveals a strong correlation between areas of high density and mineralization
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Figure 10. (a) Density map of lineaments coupled with mining indices in the study area; (b) Map showing the coupling of hydro-

thermal alteration and mining indices.

indices. High-density zones can be considered to have a high probability of mi-
neralization, while low-density areas may have a low probability, and moderate
probabilities are associated with the intermediate zones. Hydrothermal alteration
mapping has enabled the identification of zones rich in oxides/hydroxides (hema-
tite, limonite), hydroxide-bearing minerals (epidote, chlorite, and muscovite),
and quartz indicators. Overall, these findings highlight the potential of linear
features as important pathways for hydrothermal fluids and groundwater, and
their correlation with mineralization indices provides valuable insights for gold
exploration. The mapping of hydrothermal alteration zones offers further indi-
cations of potential mineral-rich areas in the study region.

A strong correlation has been observed between the obtained indices and the
lithological formations of the study area. According to Nomo et al. (2017), Toteu
et al. (2001), Kouske et al. (2012) and Tchameni et al. (2013), the Poli zone is
associated with two stages of granitic intrusions that have led to the enrichment
of the area in uranium and gold. Additionally, the works of Anaba Fotze et al.
(2019), and Ketchaya et al. (2021) have demonstrated a strong relationship
between mineralization and hydrothermal alteration in the North Cameroon.
In the context of this study, the superposition of hydrothermal alteration zones
with known mineralization indices shows a significant correlation (Figure
10(b)). The combination of obtained lineament densities, different oxide/hydroxide
alteration indices, and hydroxyl-bearing minerals can serve as a guide for en-
hancing mining exploration in the study area. Zones, where high lineament den-
sities coincide with the presence of alteration indices, are considered most fa-
vorable. Thus, areas around the Salaki village, north of the Bantadjé village,
and near the Hoy and Poli villages hold the most promise for future exploration
efforts.
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6. Conclusion

The aim of this study was to perform structural and hydrothermal alteration map-
ping using ASTER images of the Poli region and its surroundings. To achieve
this objective, a specific methodology was followed. Firstly, the two ASTER im-
ages were mosaicked, and the area was delimited and extracted. Next, the ob-
tained scene was corrected for atmospheric effects, and vegetation influence was
removed. Subsequently, these images were subjected to discrete wavelet trans-
formation algorithms, which highlighted the main lineaments present in the study
area. Thirdly, band ratio methods were applied to the VNIR, SWIR, and TIR
bands of the images to determine iron oxide indices. Among these indices, he-
matite and limonite were identified through spectral analysis. Additionally, in-
dices of hydroxyl-bearing minerals such as epidotes, chlorites, and muscovites,
as well as quartz index, were identified. The analysis of the obtained lineaments
allowed for the identification of three main directions: NE-SW, ENE-WSW, and
E-W, with a predominance of the NE-SW direction. Regarding hydrothermal al-
teration, the identified indices covered almost the entire study area and showed a
good correlation with lithological data. The intersection of the obtained linea-
ments with hydrothermal alteration indices revealed a strong correlation between
existing mining indices and those observed in the field. Mineralization zones
generally coincided with areas of high lineament density exhibiting significant
hydrothermal alteration. These findings suggest that the obtained results can serve
as a guide for the exploration of gold and uranium mineralizations in the Poli
area. We also suggest additional fieldwork and ground geophysics (resistivity
and induced polarization) in areas identified as being of interest. This addi-
tional work will increase the knowledge of the depths of mineralized gravels in
gold-bearing zones and will help to detect structures (veins) carrying uranium

mineralization.
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