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Abstract

This study focuses on the city of Pointe-Noire, in the south-west of the Re-
public of Congo, where invoicing is more or less developed. Its main objective
is to map fractured environments in order to improve groundwater prospect-
ing by combining Landsat 8 OLI & TIRS images with SRTM data. To achieve
this objective, we collected a Landsat 8 OLI & TIRS scene dating from Febru-
ary to August 2020 from the USGS database and ten (10) SRTM tiles from the
JAXA database. All techniques applied to Landsat 8 OLI and TIRS images
(PCA, textural analysis, band ratio, normalised indices, Sobel, Prewitt and Ye-
sou directional gradient filters) using ENVI 5.3 resulted in the enhancement
of linear structures contained in the raw images, extracted using GEOMATICA,
enabling better mapping of geological hazards in QGIS 3.16. The linear map
obtained after automatic extraction is very dense and contains linear features
of varying sizes and orientations. After submitting the lineaments obtained
from automatic extraction to Pareto’s statistical test, followed by their merging
with the lineaments obtained from manual extraction, the various linear struc-
tures were validated by adapting their orientations to the tectonic context of
the area and superimposing them of the existing geological map and topo-
graphical map (from Google Earth pro), this led to the creation of the final
lineament map of the study area, comprising 750 lineaments. Analysis of the
lineament spacing and texture revealed the homogeneity of the geological for-
mations in the study area, a comparison of fracturing densities between the
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2015 data (more specifically the 1980 data used) and those from our study
shows, on the one hand, the dominance of NW-SE and E-W orientations in
the area, thus influencing the surface hydrographic network and groundwater
recharge and, on the other hand, allows us to assess the evolution of tectonic
activity. The results of this work contribute to a better understanding of frac-
tured environments in the city of Pointe-Noire.

Keywords

Lineaments, Remote Sensing, Fractured Environments, Groundwater
Prospecting, Landsat 8, Pointe-Noire

1. Introduction

The Republic of Congo has abundant surface and groundwater resources. How-
ever, despite this abundance, some cities in Congo, notably the economic city of
“Pointe-Noire”, experience water supply difficulties, according to [1]. Less than
half of the Congolese population, and only 10% of households in rural areas, have
access to drinking water. People are therefore forced to use boreholes to collect
water from underground aquifers. Facture networks are the main channels for
underground flows. Studying fracture networks, which are the main pathways for
underground flows, is fundamental to groundwater exploration. Indeed, most re-
sources are found in fractured aquifers [2]-[4]. Billing can be studied using several
different methods such as remote sensing (aerial and satellite photographs, radar
imagery) and geophysics. Remote sensing involves multiple techniques or meth-
ods of pre-processing and processing that enhance the visual perception of the
images acquired for better mapping of image discontinuities. Numerous studies
[5] [6] demonstrated how remote sensing can contribute to hydrogeological in-
vestigations. The works of [2] [3] highlighted the relationship between remote
sensing data and groundwater resources in bedrock. It was shown that satellite
images contain geological features that are directly linked to groundwater flow
[7]. These various studies have contributed to the recognition of the importance
of faults in hydrogeology [8]. The mapping of lineaments using satellite imagery
[9]-[11] the hydrogeological characterisation of fractured aquifers [11] [12], hy-
drogeological and hydrochemical in situ study and hydrodynamic modelling of
an aquifer system in a coastal sedimentary basin [13] [14], to understand the be-
haviour of aquifers and map areas of groundwater accumulation or circulation[9]
[15] thanks to space imagery fractured aquifer scan be characterised [2]-[4] and
fracture lengths vary in size and range over several orders of magnitude [4] [9]
[14] [16]-[18]. The work of [19]-[21] has shown that extracting the network of
major fractures from satellite images is very important for groundwater explora-
tion. Directional filters also allow the perception of lineaments that are not well

lit by the light source [16] [19]. For this work, a passive remote sensing technique
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using: Landsat 8 OLI & TIRS is applied in the city of Pointe-Noire.

2. Presentation of the Study Area
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Figure 1. Geographical location of the study area.

The study area is the city of Pointe-Noire, located in the Sud-Ouest of the Republic
of Congo between 11°30 and 12° East longitude 4°30 and 5° South latitude (Figure
1). It covers an area of approximately 2.134 km? and stretches 180km along the
coastline, which runs SE-NW. It’s bordered to the north by the Red River (near
the site of Loango), to the south by the site of Djeno and the Atlantic Ocean, to
the east by the large railway station of Ngandji, Ex-patra, and to the west by the
Atlantic Ocean. Pointe-Noire is also a department located approximately 510 km
from Brazzaville, the political capital. As the country’s economic capital, it is home
to the largest port in Central Africa. Administratively, it has six (6) boroughs (Fig-
ure 1). The climate is humid tropical [22] [23] characterised by alternating hot
rainy seasons (October-May) and cool dry seasons (June-September) [23] [24].
Average annual rainfall is approximately 1300 mm [22] [23]. The terrain consists
three main elements: plateaus, large valleys and a coastal plain. The altitude is gen-
erally less than 150 m [22]. The landscape is dominated by a forest-savanna mosaic
[22]. The hydrographic network is organised around three types of watercourses
[22]: the short rivers that originate on the western edge of the coastal plateau and
the Kouilou River. Its average flow is 913 m’/s at Sounda and 1150 m*/s at the
mouth. The different types of soils found in the study area belong mainly to four
classes [24]: poorly developed soils, hydromorphic soils, podzolic soils and ferral-
itic soils, which are highly desaturated and by far the most common. All soils are

derived from the original loose materials which are sands from the cirque series
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[24]. The cirque series (or Diosso serie), dating from the Miocene to Pliocene
epochs, forms a fluvial to deltaic covering the entire coastal basin and resting un-
conformably on the Mesozoic substratum [24]. From a structural point of view,
there are three (3) fault systems [24], a system of faults oriented NW-SE parallel
to the mayombian structures, a system of perpendicular faults NNE-SSW a NNW-
SSE that delimit the horst and ridge structures, and a system of faults E-W that
controls the Mesozoic series at the Mayombian border. The study area features six
(6) geological formations [24] heterogenous sand to orange-yellow sandy loango
(cover horizon, rocks sedimentary), and stone line; deposits (colluvional deposits,
slope deposits); current coastal zone (coastal deposits, current beach sand); vege-
tated dune cordon behind the beach (deposits, beach dune behind the beach); the
rocky banks (rocky bottoms); and white to grey colluvial quartz sand on slopes or

the bottom (dry valleys) (Figure 2).

GEOLOGICAL MAP OF THE STUDY AREA
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Figure 2. Geological map of the study area (Source: Ministry of Mines and Geology, 2015).

3. Material and Methods
3.1. Material

3.1.1. Data used
V' The images LANDSAT8 OLI & TIRS

The multitemporal Landsat 8 OLI (Operational Land Imager) & TIRS ( Thermal
InfraRed Sensor) images data used were acquired on 20 February 2020 at 09:22:53
and 22 August 2020 at 21:11:20, respectively, during the Landsat space mission of
the Landsat programme, developed by NASA in 1960. This is the first space pro-
gramme for earth observation for civilian [25] purposes, and these data have been
archived in the USGS database [26]. Table 1 shows the Characteristics of the OLI
& TIRS sensors on the Landsat 8.
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v The SRTM images

SRTM images (Shuttle Radar Topography Mission) are images from topo-
graphic satellites [27]. The images used are DSM images from the JAXA website
[28].
v’ The geological map

As part of our work, we used the geological map of Pointe-Noire (Figure 2),
produced by the Ministry of Mines and Geology and BRGM Pointe-Noire sheets
[24].
v’ The topographical map

A high-resolution topographical map of Pointe-Noire by Google Earth Pro.

Table 1. Characteristics of the OLI & TIRS sensors on the Landsat 8 satellite.

Number Spectrale band names Wavelenghts Spatial
of bands (um) Resolution (m)
1 Aerosols 0.433 - 0.453 30
2 Blue (B) 0.450 - 0.515 30
3 Green (G) 0.525 - 0.600 30
4 Red (R) 0.630 - 0.680 30
5 Near Infrared (NIR) 0.845 - 0.885 30
6 Mid-Infrared 1 (SWIR-1) 1.560 - 1.660 30
7 Mid-Infrared 2 (SWIR-2) 2.100 - 2.300 30
8 Panchromatic 0.500 - 0.680 15
9 Cirrus 1.360 - 1.390 30
10 Thermal Infrared Sensor 1 (TIRS-1) 10.60 - 11.20 100
11 Thermal Infrared Sensor 2 (TIRS-2) 11.50 - 12.50 100

3.1.2. Software Used
Three software were used for this work ENVT 5.3 [29] for pre-processing and pro-
cessing GEOMATICA 19.0 for automatic extraction and QGIS 3.16 for map cre-

ation as well as EXCEL office software for statistical analysis of lineaments.

3.2. Methods

The appropriate methodological approach is summarised in the figure (Figure 3).

During the pre-processing phase (radiometric and atmospheric corrections),
two bands were discarded (8 and 9) in order to correct the image. The image cor-
rected by principal component analysis will be filtered by directional filtering on
the PCAjss PCAser; PCAgr10; PCAgr1011; the raw bands B4; B6; B7, the bands ratios
B6/B5; B5/B7, on the colour compositions, three types of directional filtering were
applied: Sobel filter, and Prewitt and Yesou gradient filters using ENVI 5.3 soft-
ware. In PCA, this technique is used to identify the axes of greatest variance in the
radiometric space of an image. The aim is to map the main features of the fracture

in our study area, to this end, selective PCA was performed on the visible (2,3,4),
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mid-infrared (5, 6, 7) and thermal infrared (10, 11).

v Radiometric >  Selective PCA .,
correction »  Textural analysis
v Atmospheric » Bands ratio Manual extraction
correction » Standardised indices ‘
v Shapefile » Directional filtering
Map of lineaments
derived from manual

! . extraction

Map of lineaments derived from Checking and validation
automatic extraction lineaments
Final lineament map

Figure 3. Overall flowchart of the methodology adopted (pre-processing and processing).

The Sobel filter was applied using the following directions: N-S (0°); E-W (90°);
NE-SW (45°) and NW-SE (135°): only two directions were presented for this work
in relation to the tectonic of the study area: E-W and NW-SE. After processing
the Landsat 8 OLI images, we proceeded with two types of lineament extraction
on QGIS using SRTM images under directional shading, 0°; 45°; 90°; 135°, and
automatic extraction on GEOMATICA. After obtaining the lineaments, a map of
the total fusion of the lineaments (manual and automatic) was established. The
validation of these lineaments and the creation of the final lineament map were
carried out by evaluating their orientation and adapting them to the tectonic con-
text of the study area. A Pareto statistical test was performed on the lineaments in
order to select them and assess their reliability. It is based on the 80/20 or 85/15
rule, which suggests that in many cases approximately 80% of the effects come
from 20% of the causes [30]. This test is performed in Excel using diagrams. The
Pareto curve is less frequent or less significant than those above it.

We note that satellite images used 7.e. a single scene from Landsat 8 OLI & TIRS,
have certain characteristics, namely 11 bands: three visible bands, three mid-in-
frared bands and thermal infrared bands, two of which (8 and 9) have been re-
moved in order to achieve perfect correction of the image (shapefile). Each direc-
tional filter (Sobel) was used with its corresponding orientation, with the excep-
tion of the Prewitt and Yesou gradient filters. For automatic extraction using the
methodology, six (6) parameters were applied to the filtered images using the
LINE module of the GEOMATICA PCI software.
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Table 2 shows the different directional filters used.

Table 2. Different directional filters used.

Directional Sobel Filter N-S Directional Sobel Filter E-W
1 1 1 2 1 1 1 -1 -1 -1 0 1 1 1
1 1 2 3 2 2 1 -1 -1 -2 0 2 1 1
1 2 3 4 3 3 1 -1 -2 -3 0 3 2 1
0 0 0 0 0 0 0 -2 -3 -4 0 4 3 2
-1 -2 -3 -4 -3 -3 -1 -1 -2 -3 0 3 2 1
-1 -1 -2 -3 -2 -2 -1 -1 -1 -2 0 2 1 1
-1 -1 -1 -2 -1 -1 -1 -1 -1 -1 0 1 1 1
Directional Sobel Filter NE-SW Directional Sobel Filter NW-SE
0 1 1 1 1 1 2 2 1 1 1 1 1 0
-1 0 2 2 2 3 1 1 3 2 2 2 0 -1
-1 -2 0 3 4 2 1 1 2 4 3 0 -2 -1
-1 -2 -3 0 3 2 1 1 2 3 0 -3 -2 -1
-1 -2 -4 -3 0 2 1 1 2 0 -3 -4 -2 -1
-1 -3 -2 -2 -2 0 1 1 0 -2 -2 -2 -3 -1
-2 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -2
Prewitt Filter Yesou Filter & al (1993)
1 1 1 1 1 1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
-1 -2 -3 -7 1 1 1 0 0 0 0 0 0 -1
-1 -2 -3 -3 1 1 1 -1 -1 -1 -1 -1 -1 -1
-1 -2 -2 -2 1 1 1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 -1 -1
Table 3. Values used of the parameters of the PCI LINE module.
Name RADI GTHR LTHR FTHR ATHR DTHR
Meaning Pixel .ﬁlter Threshold. for Threshold for Threshold for line Angular difference Thfesho?d for the
radius edge gradient  curve length assembly error threshold link distance
Number of pixels 50 100 50 50 - 100
Angle (°) - - - - 30 -
Length (km) 1.5 3 1.5 1.5 - 3

This produces a summary lineament map, which is then superimposed on the

high-resolution topographic map on Google Earth Pro, eliminating other linea-
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ments to finally obtain the final lineament map of the study area.

Table 3 shows the values used for the parameters of the PCI line module.

4. Results and Discussion
4.1. Results

4.1.1. Pre-Treatment Results
a) Results of radiometric and atmospheric corrections using the radiometric
correction algorith

Figure 4 shows the results of radiometric and atmospheric correction.

e, |

Figure 4. Results of radiometric and atmospheric correction.

4.1.2. Treatment Results
a) Textural analysis results obtained used the co-occurrence measures algo-
rithm
The textural analysis of PCA,s, and on individual band 4 (Figure 5) shows a
significant distinction on vegetated surfaces, the first image has a green appear-
ance with dotted structures, while the second image has a dark blue appearance

with linear features.

Figure 5. Results of the textural analysis applied to PCA234 and B4.
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b) Results of principal component analyses applied to the bands 2, 3, 4, 5, 6,
7, 10 et 11 used the PCA Rotation
The PCA selective of the different bands (Figure 6) already point us towards

directional filtering, despite the characteristics present in these images.
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Figure 6. Results of principal component analysis 1. PCAzs4; 2. PCAse7; 3. PCAg710 and 4. PCAezion1.

rithm

c) Results of colour compositions obtained via the RGB Band Change algo-

The colour compositions of the OLI visible and TIRS thermal bands (Figure 7)

shows variations on the surface where linear structures or geological features can

already be observed.
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Figure 7. Results of colour compositions: 1. True colour 2, 3, 4; and false colours: 2. 7, 3, 1;
3.7,5,4and 4.7, 5, 2.

d) Results obtained by band ratios
These band ratios (Figure 8) show the visibility of fractures with a dark grey
and light appearance on the surface of each scene or image.

Figure 8. Results of the ratio of bands, 1. B4/B5; 2. B5/B6; 3. B6/B5 and 4. B7/B5.

e) Result of the Sobel filter with NW-SE direction and 135° angle by appli-
ying Convolution of morphology on ENVI

The Sobel filter in the images above (Figure 9) shows a significant characteristic
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of the linear structures that can be extracted by applying the Convolution of mor-
phology algorithm in ENVI 5.3.

Figure 9. Results obtained by applying Convolution to the images above (Sobel filter: 1.
PCA24; 2. PCAser; 3. PCAe7i0 and 4. PCAe71011) in a NW-SE direction and at an angle 135°.

f) Result of Yesou’s filter by applying the Convolution of morphology

Figure 10. Results of the Yesou filter en applying Convolution to the images above: 1.
PCA24; 2. PCAse7; 3. PCAs710 and 4. PCAe71011.

4.1.3. Results of the Lineaments Maps
Figure 11 below shows the map of lineaments extracted manually on QGIS. There

are 210 lineaments mapped, the longest measuring 11.63 km (maximum) and the
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shortest 0.77 km (minimum).

11°42.000E  11°45.600'E  11°49.200E  11°52.800'E  11°56.400'E  12°0.000'E 12°3.600E  12°7.200'E

Legend
— Mapped lineaments
€3 Limits of study area

Author: Bonaventure MALONGA 5 10 15 km
SCR: WGS84 UTMzone32 S S E—

11°42.000E  11°45.600E  11°49.200E  11°52.800'E  11°56.400'E  12°0.000'E 12°3.600E  12°7.200'E

S00TSSot SI009°1Sot S000'8o SI00F Protr S008 0ot
SI00T'SSot SI009 1St SI000'8Fot  S00F ¥rot S.008 0Fot

Figure 11. Result of the manual extraction of the lineaments map using the Raster module in QGIS.

4.1.4. Results Statistical Data Selection for the Development of the Final
Lineament Map: Verification and Validation

The figures below show the distribution frequencies of the lengths of the linea-

ments, resulting from each digital processing, on the Pareto diagram.

Frequency distribution of the lenghts of the Prewitt filter lineaments
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Figure 12. Results of Pareto diagrams of Prewitt filter and Yesou filter.

Figure 12 shows the Pareto diagram for data from the Prewitt and Yesou filters.
Analysis of this figure allowed us to retain the lineaments of the first principal
components of ACPs 2, 3, and 4 of ACP234 from the Prewitt filter and band 4 of
the raw scene.

Analysis of Figure 13, obtained using the Sobel filter in the E-W and NW-SE
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directions, enabled the first components of the PCA of bands 2, 3 and 4 and the

ratio of bands 5 and 7 to be retained.

Freguency distribution of the lenghts of the Sobel filter lineaments in the direction E-W
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Figure 13. Results of Pareto diagrams of E-W and NW-SE lineaments.

4.1.5. Results of Automatic Lineament Merge Maps, Total Merge (Manual
and Automatic) and Total Merge after Tectonic Synthesis
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Figure 14. Results of 1. total merging of lineaments (automatic) and 2. total merging (au-
tomatic and manual).

Figure 14 shows the fusion maps of the automatic lineaments and the total fusion
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map of the lineaments (automatic and manual). The automatic lineament fusion
map (1) is the result of combining 21 maps, which enabled 859 lineaments to be
extracted. However, the total fusion map of automatic and manual lineaments (2)

enabled 1120 lineaments to be mapped.

11.700°E 11.800°E o 12.000°E 12.100°E
800 00
& N =
3 3
°. <
@ &
& >
3 3
Legend
3 stuayarea
—— Totel mermer
& >
§ Author: B. MALONGA _‘§
> SCR: ESPG, >
b 4326 wessa &
Projection:
UTMzone 32S
o S 10 15 km Date: 12.08.2024
— I
11.700°E 11.800°E 11.900°E 12.000°E 12.100°E

Figure 15. Result of the total fusion map after tectonic synthesis.

Figure 15 shows the total fusion map of the lineaments after tectonic synthesis.
The number of lineaments mapped after calculating their orientation and adapt-
ing them to the geological context, where a total of 366 lineaments were removed,
is 754.

4.1.6. Result of Superimposing the Total Fusion Map of Lineaments after
Synthesis onto the Topographic Map from Google Earth Pro
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Figure 16. Result of 1. the lineaments assumption map mapped onto the high-resolution
topographic map from Google Earth Pro and 2. the final lineament map of the study area.
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Figure 16 shows the map obtained by superimposing mapped lineaments onto

the high-resolution topographic map (1) and the final lineament map of the study

area (2). Superimposing the summary lineament map onto the high-resolution
topographic map (maximum quality: 8192x4930, Data SIO, NOAA, US Navy,
NGA, GEBCO, 2024 Airbus image, Maar Technologies) on Google Earth Pro en-

abled us to validate the latter, after removing lineaments deemed non-geological.

The final lineament map of our area thus contains 750 lineaments.

Table 4 shows the Comparaison of the LINE algoritm parameters with those of

previous works.

Table 4. Comparaison of the LINE algoritm parameters with those of previous works.

Works R.z‘kDI G'I“HR L'I"HR F'I"HR ATHR DTHR

(pixel) (pixel) (pixel) (pixel) (angle) (pixel)
Default values 10 100 30 03 30 20
Kocal and al., 2004 12 25-60 20-30 03 20 01
Abdullah and al., 2013 10 100 30 03 30 20
G.C. Adon and al., 2014 20 90 50 10 15 100
G.C. Adon and al., 2019 20 90 50 10 15 100
AK. Kouamé and al., 2023 24 40 50 05 20 120
B. Malonga, 2024 50 100 50 50 30 100

4.1.7. Correlation Results, Lineament Concordance
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Figure 17. Result of 1. the correlation of linear structures between the SRTM image of the
study area and 2. the gological map of Pointe-Noire, 2015.
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Figure 17 shows the correlation map of linear structures between the SRTM image

of the study area (1) and the 2015 geological map of Pointe-Noire (2).

4.1.8. Results of Density Maps of Mapped Lineaments and Lineaments
Extracted from the Geological Map of Pointe-Noire

Figure 18 shows the correlation between the mapped lineaments and the linea-

ments extracted from the 2015 geological map of Pointe-Noire.
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Figure 18. Result of the concordance between the mapped lineaments and the lineaments extracted
from the 2015 Pointe-Noire geological map.
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Figure 19. Results of 1. the comparison of the densities of the mapping lineaments in the
study area and 2. the lineaments extrated from the 2015 Pointe-Noire geological map.
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Figure 19 shows a comparison of the densities of the mapped lineaments (1)

and the lineaments extracted from the 2015 geological map of Pointe-Noire (2).

4.2. Interpretation and Discussion of Results

Lineaments are geological features of various shapes whose influence has been felt
for millions of years during successive tectonic phases. They represent geological
objects or alignments of geological objects that are sufficiently close to the topo-
graphical continuities or geomorphological structures inherited from ancient to-
pographies [31].

The results of radiometric and atmospheric corrections reveal an improvement
in radiometric quality, which provides a very accurate analysis of the data and
shows a significant reduction in atmospheric effects, making the image clearer and
more uniform (Figure 4).

Textural analysis applied to PCA,3, and band 4 (Figure 5), this band is selected
for its reliability in structural analysis and lithological discrimination [3] [11] due
to its sensitivity to the slightest variations in grey tones in the image generated
(homogeneity, dissimilarity and average) to highlight the main structural ele-
ments, the results of which are presented in (RGB).

The results obtained with colour compositions, directional filters on selective
PCA, band ratios and raw scenes enabled us to automatically and manually extract
the lineaments from our study area. The study area has fractures or lineaments.
Selective PCA shows the differences in the main characteristics of the scenes, fa-
cilitating the interpretation of spatial data and allowing the visualisation of certain
lineaments in the study area, due to the presence of fractures (Figure 6). Some
fractures have already been detected, most of which correspond to the surface hy-
drographic network. It can also be seen that PCAg71011 is better at reading the pixels
of the clouds contained in the image (Figure 6). Textural analysis of PCA3, and
B4 reveals important information about surface structures, and the results of this
analysis, presented in the form of a colour composition, prove to be valuable data
for the automatic extraction of lineaments. Indeed, the linear structures observed
in the PCA,. Textural analysis reveals the heterogeneity of the geological for-
mations in the study area. This heterogeneity reveals that the Sialivakou clays, the
Pointe-Noire marls and the Pointe Indienne marls have more fractures (hydro-
carbon refuge zones). The results obtained from the various stages of satellite im-
age processing show an enhancement of the linear structures in the study area,
which are then mapped, enabling us to respond to and highlight our project. The
water tables contained in the subsoil are fed by surface waters. However, for these
to be fully fed, there must be structures on the surface that promote this connec-
tion or correlation. Thus, surface fracture zones correspond to preferential zones
through which surface water will feed underground water tables or aquifers by
infiltration followed by percolation. The works of [16] [17] [19] have shown the
existence of a correlation between fractures and hydrography, suggesting that the

lineaments extracted from a satellite image are closely related to underground re-
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sources. Given that we are working on Landsat 8 OLI images, we can confirm the
works of [8] [19] [32] [33]. The lineaments mapped in our area over several orders
of magnitude and vary in length and size, in accordance with the works of [4] [9]
[13] [17]. PCA selectives make it possible to reduce the dimensionality of spectral
data while retaining the most significant variability. The four PCA (PCAzs4; PCAser;
PCAg710 et PCer1011) were used to capture the spectral variability of the images. This
selection aims to maximise the relevant information for the analysis of lineaments
and other geological structures. The results reveal that the principal components
make it possible to differentiate geological structures from spectral anomalies.

However, it should be noted that only the PCA,s, et PCAg;1011 reveal significant
distinctions in textures and lineaments, as presented in Figure 6, in accordance
with the work of [11] [15]; [8] [20] show that the application of textual analysis to
PCA;;4 and to individual bands 4 and 7 reveals notable variations in fracture dis-
tribution, which is fundamental to the identification of lineaments. Analysis of the
results obtained by our band ratios shows that they improve the contrast of dif-
ferent surface characteristics, thereby facilitating the identification of lineaments
(Figure 7 to Figure 8). Indeed, ratio calculations are sensitive in the vegetation
cover. The use of these multiple band ratios provides a comprehensive and de-
tailed view of the surface area of our study platform. Several Sobel filters were
presented according to a preferred direction in line with the tectonic context of
the study area and Yesou (Figure 9 and Figure 10) were used for extraction auto-
matic.

Analysis of the directional filters on PCA, band ratios, colour compositions and
raw scenes shows not only the orientations N-S of the lineaments but also the
longest ones, the longest or highest lineaments is 21.63 km revealing the orienta-
tion E-W of the Sobel filter and filter directional (Table 2), and values used of the
parameters of LINE module (Table 3), whose fusion map has 1120 lineaments
(the 210 lineaments from the lineament map extracted manually with SRTM tiles,
see (Figure 11) according to the statistical data table (Figure 12 and Figure 13),
the Sobel filter has more lineaments than gradient filters wit 859 lineaments,
where as the Yesou filter 338 lineaments. Of the 1120 lineaments 62 were removed
following adaptation to the tectonic context of the study area, we also removed
304 lineaments located at the edges of the lineament map, leaving 754 on the lin-
eament map after tectonic synthesis, 4 lineaments were then removed on Google
Earth Pro, leaving only 750 (Figure 14 to Figure 15) to finally obtain the final
lineament map by superimposing it on the high-resolution topographic map
(8192x4930, Data SIO), (Figure 16). Table 4, which is a comparative study with
the parameters from previous studies reveals the different figures for the parame-
ters chosen based on the results we obtained automatically (Table 4). The Pareto
statistical in EXCEL enabled the selection of reliable data from the automatically
extracted lineaments. Superimposing this data on the satellite data the study area
makes it possible to identify a number of lineaments corresponding to the mapped

faults (Figure 17 and Figure 18). These lineaments derived from satellite images
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are perfectly superimposed or slightly offset in relation to structural elements on
the ground, as described in the works of [20]. In the same vein, we compared the
densities of lineaments between the structural elements of the Pointe-Noire geo-
logical map [24]. The density maps show five (5) classes (very low, low, medium,
high and very high) and reveal the predominance of directions N-W and NW-SE
(Figure 19). The 2015 geological map of the Pointe-Noire sheet presents carto-
graphic data used since 1980, with imagery from 2020. There has been an increase
in the number of lineaments over the past 5 years (2015 to 2020) or 40 years (1980
to 2020) due to the acquisition of high-resolution satellite data and various ad-
vanced digital techniques. We note that the large number of features identified is
the result of adapting to the removal of other lineaments that do not conform to

the context.

5. Conclusion

This work has enabled us to assess the contribution of remote sensing to ground-
water prospecting: case of the city of Pointe-Noire. The various techniques for
processing satellite images (Landsat 8 OLI and SRTM) were applied to our study
area (selective PCA, textural analysis, band ratio, normalised indices, colour com-
positions, directional filters and gradient filters). Principal component analysis
reduced the spectral images to four selective PCA containing the maximum
amount of information from the analysed data set and correlated the different
bands that showed a good correlation. The band ratios and normalised indices
reveal the different contrasts that made it possible to distinguish the linear struc-
tures of our study platform. Directional filtering and gradient filters enhance lin-
ear structures. The complete merging of data from automatic extraction with
manual extraction (shading applied to SRTM images) resulted in improved map-
ping of the study area. Remote sensing undoubtedly contributes to the mapping
of geological hazards in our study area, and the map produced can serve as a basis
for hydrogeological and hydraulic programmes. The data from the density map
(final lineament map) must be taken into 7e. the dominant NW-SE and E-W ori-
entations to the context of the study area, where the well data can be plotted by
the future location of the wells in order to establish a correlation with the aim of

obtaining either a hydrogeological or the wells and the mapped lineaments.
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