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Abstract

This work concerns the extraction of lineaments likely to control mineralization from OLI 2 (Landsat 9) and Palsar
satellite images. The lineaments were first extracted from OLI2 images. Principal component analyses, directional filters
(ENVI 5.3 software) and the Line tool (Geomatica PCI) were used to generate the lineaments. Structural information
was then extracted using Palsar radar images. Directional filters and the Line tool were used to produce the lineaments
of the area. Directional rosettes were produced using Rockwork software. One thousand five hundred and five (1505)
lineaments extracted from Palsar images, the longest of which has a length of 10,514 m with a total length of lineaments
0f371,938.05 while eight hundred and thirty-five (835) lineaments are extracted from Landsat images, with a maximum
lineament length 0of 20,970 m and a total length of 583,615.26 m. The major directions of the lineaments are N150, NOO,
N30 and N165. These major directions coincide with the major directions of the old works in the study area. The
validation of the results obtained was carried out using geophysical data from the area and these data confirm the
effectiveness of the results.
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1. Introduction

Knowledge of geology is of great importance in identifying mineral substances in a country. Structural information is
even more decisive in the concentration of valuable substances. Important studies are carried out to identify faults,
fractures to characterize structures that control mineralization [1], [2], [3] on the one hand, and structures that control
the constitution of basement aquifers on the other hand [4], (Mohammad pour et al., 2020), [6], [7], [8], [9], [10], [11].
To make the structural study more efficient, several authors have used satellite image technology and GIS to extract
structural information [12], [13], [12], [14], [15], [16]. Classical structural studies do not allow the exhaustive
identification of lineaments, the implementation time of the classical approach is very long and to obtain good results,
this approach is very tedious and expensive. To meet these challenges, many studies have focused on the use of this new
technology and very good results have been obtained worldwide. To experiment with this approach, optical and radar
satellite images are used to extract the lineaments of the Abtouyour and Guéra departments, central massif of Chad. The
objective of this work is to extract the lineaments of the study area.
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1.1. Location of the study area

The study area is located between 17°30’ and 19° eastlongitude, and 11° and 13° north latitude. The study area includes
two departments: the department of Guéra and the department of Abtouyour. These two departments belong to the
province of Guéra; the city of Mongo is the capital of the province, Figure 1 shows the location of the study area.

17°300°E 18°00°E 19°300°E 1900 19°300"E 20°00°€
M " M " M "

13°00°N
13°00°N

LOCATION OF THE STUDY AREA

12°380°N
12°30°0°N

11°309°N  12°00°N
12°00°N

14°309°N

WorN

HOUN

167 300N
10°30°0°N

CHMEF PLACES

F Moyen-Charl RA F
54 '—w—fm'm VDY AREA s
, o 5t

2 [Rodji 2

17°300°E  18°90"E  1IU0"E  19°00°E  19°IV0"E  20°00°E

Figure 1 Location of the study area

1.2. Regional geological framework
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Figure 2 Location of cratonic and mobile zones in Central Africa
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Geologically, Chad belongs to the Pan-African mobile zone, limited to the south by the Congo craton, to the west by the
West African craton and to the northeast by the Nilotic craton [17] and includes the Uweinat craton. The northern
boundary with the Nilotic craton is very poorly defined and its southern boundary with the Congo craton is materialized
by the Sanaga shear zone in Cameroon. However, the concept of Nilotic craton and Uweinat has been questioned,
because the geological formations of these cratons have different ages proving that some formations were remobilized
by the Pan-African orogeny. [18] Proposed the concept of metacraton whose arguments put forward convinced the
scientific community and helped to remove concerns about the ages of the formations. Therefore, the Tibesti, Ouaddai
and Massif Central formations belong to the Sahara metacraton while the Mayo Kebbi and Baibokoum massifs belong
to the Central African mobile zone. The Pan-African orogeny is at the origin of the formation of sedimentary basins
(Doba basin, Lake Chad basin, Ennedi basin and the Tibesti basin) made up of recent sedimentary formations [19].

1.3. Geological framework of the Guéra province

The Guéra province is part of the Sahara metacraton constituting the central Chadian massif, formed mainly by the
Guéra and Aboutelfan massifs and some smaller outcrops. These massifs result from the collision between the Congo
craton and the Saharan metacraton [18] [20] [19] [21]. The Guéra massif constitutes one of the smallest massifs of the
Sahara metacraton, comprising magmatic and metamorphic rocks dating from the Neoproterozoic covered by
quaternary sediments. The granitoids of the province are grouped into two: those, which are old, metalluminous to
peralluminous, magnesian and alkaline, collisional, and those, which are young, peralluminous, ferrous, calco-alkaline,
and post-collisional. Overall, the province is petro graphically composed of granites, granodiorites, diorites and gneisses
with basaltic enclaves and cut by pegmatitic, aplitic veins and dolerite dykes. Between these formations are recent
sedimentary covers.
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Figure 3 Geological map of the Guéra province

2. Materials and Method

2.1. Materials and Data

Image data composed of OLI and Palsar images were used to extract the lineaments of the study area. The Landsat 9
satellite has two sensors: the Operation Land Imager (OLI) sensor and the Thermal Infrared (TIR) sensor, which provide
images in eleven (11) bands. The characteristics of the data from these sensors are shown in Table 1. Scenes 182052
and 182051 are used to cover the study area.
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Table 1 Characteristics of Landsat 9 images

Band Spatial Resolution (m) | Spectral Resolution (um)
Band 1(Aerosol/Costal) 30 0.435-0.451
Band 2 (Blue) 30 0.452 -0.512
Band 3 (Green) 30 0.533-0.590
Band 4 (Red) 30 0.636 - 0.673
Band 5 (Near Infrared) 30 0.851-0.879
Band 6 (Mid Infrared 1) 30 1.566 - 1.651
Band 7 (Mid Infrared 2) 30 2.107 - 2.294
Band 8 (Panchromatic) 15 0.503-0.676
Band 9 (Cirus) 30 1.363-1.384
Band 10 (Thermal Infrared 1) | 100 10.60-11.19
Band 11 (Thermal Infrared 2) | 100 11.50-12.51

PALSAR images from the Japanese ALOS PALSAR satellite in dual polarization mode (HH and HV) and Fine Resolution
Mode are also used. Twelve mosaicked PALSAR scenes covering the study area are integrated in this study for lineament
extraction. The pixel size is 14.384536m x 15.28764m. The characteristics of these data are summarized in Table 2.

Fine Resolution ScanSAR Polarimetric
Beam Mode FES, D3N FED WE1. WBE2 FLR
Canler Fraquency L-Band (1.27 GHz)
Palarization HH ar W HH = HY ar VW' + VH HH ar v HH = HW = VI = WH
Spabal Resplubon 10m 20m 100 m 30m
Swalth Widih 70 km 70 km 250=-350 km 30 km
Off-Madr Angle 34.3° (dedault) 2717 (default) 21.5° (defaul)
Abbreviation: DSM = Direct Downlink, FBD = Fine Reschution Moda, Dual palarization
FLR = Polarimetry, HH, V'V, HV, VH = Polarization types

Figure 4 Characteristics of ALOS PALSAR data

Vector data with the administrative boundaries of Chad were used to produce the study location map. They also allowed
the extraction of the study area in order to extract the Landsat 8 and Palsar mosaic scenes.

Software was used for data processing

e Arc Gis 10.8 software to produce the lineament map and the location map;

e Envi 5.3 software for processing optical (Landsat 8) and Radar (Palsar) satellite images;

e PCI Geomatica software for automatic lineament extraction;

¢ Rockwork software for determining the major directions of the lineaments.

¢ A Lenovo Thinpack T460S brand computer, core i7 12G of Ram 500G of SSD hard drive serving as a platform
for the software;

e A GPS for extracting coordinates.

2.2. Method

2.2.1. Landsat image processing method

Pre-processing of Landsat 9 images

The radiometric and atmospheric corrections performed on Landsat 8 images constitute the bulk of the pre-processing
operations. The radiometric calibration is performed because of the errors that are due to the irregularities of the
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sensors. The radiometric calibration module of the Envi 5.3 software performs it while the atmospheric correction is
done to eliminate the atmospheric disturbances caused by the constituent elements of the atmosphere. The Flash
atmospheric correction module of the Envi 5.3 software is used to perform the atmospheric correction. Many authors
have obtained good results by performing radiometric and atmospheric corrections to reduce the noise included in the
images [1], [15], [22], [23], [4]. After the corrections, the two Landsat scenes were mosaicked in order to extract the
study area.

Landsat 9 image processing

Data processing for lineament extraction involves several phases: fusion of panchromatic and multispectral data,
calculation of Principal Component Analysis (PCA), directional filtering in the four (4) directions (N45, N90, N135 and
N180) and automatic lineament extraction.

The fusion of panchromatic and multispectral data allowed, on the one hand, the improvement of the spatial resolution
of the multispectral bands (30m to 15m) and on the other hand the improvement of the spectral resolution of the
panchromatic band. The resulting images have a good spectral resolution and a spatial resolution of 15m. PCA is applied
to obtain a new dataset with better essential information from the original dataset [24]. A PCA was generated using the
seven bands of the resulting images producing three main components PC1, PC2 and PC3. A RGB coloured composition
(PC1 PC2 PC3) was made.

The fusion of the images, the PCAs, the coloured composition and the directional filters were made using the ENVI 5.3
software. Directional filters (N45, N90, N135 and N180) are made on the obtained image (PCA coloured composition).
The automatic extraction of lineaments was possible thanks to the Line module of Geomatica, which is based on six
parameters:

¢ RADI, (filter radius in pixels).

The radius of the Gaussian filter that will be used in the detection of edges;

¢ GTHR (Edge Gradient Threshold) constitutes the value of the gradient to be taken as an edge detection
threshold for the binarisation of the image:

¢ LTHR (Curve Length Threshold) (in pixels), the minimum length of a curve to be taken as a lineament;

¢ FTHR (Line Fitting Threshold) (in pixels): The tolerance allowed in the adjustment of the curve (results of the
previous parameter) to form a polyline;

¢ ATHR (Angular Difference Threshold) (in degrees): Defines the angle not to be exceeded between two polylines
to be connected.

¢ DTHR (Linking Distance Threshold) (in pixels): The maximum distance between two polylines to be connected.

Several works have successfully tested these six parameters allowing automatic extraction: [22], [14], [15], [25], [24].
The values of these six parameters are calibrated and adapted to obtain a better adjustment and allow efficient
extraction of lineaments. The values allowing the extraction of lineaments are presented in Table 2.

Table 2 The six parameters for PCI software lineament extraction Table 2: The six parameters for PCI software
lineament extraction

Parameters Values
RAD], (rayon du filtre en pixel) 20
GTHR (Edge Gradient Threshold) 150

LTHR (Curve Length Threshold) (en pixels) | 180
FTHR (Line Fitting Threshold) (en pixels) 10
ATHR (Angular Difference Threshold) 15
DTHR (Linking Distance Threshold) 150

The extracted lineaments are saved in Shape format and exported to Arc GI 10.8 software for refinement, validation and
layout.
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2.2.2. Palsar image processing method

Palsar images are processed by ENVI 5.3 software; these images are corrected for salt and pepper effects, irregularities
in radar images. This correction is performed using Frost and Lee filters, which allowed the images to be cleaned of
these salts and pepper effects. Four (4) directional filters are generated from the corrected images: the N-S filter, the
NE-SW filter, the NW-SE filter and the E-W filter. The four resulting filters were automatically extracted from the
lineaments and the latter are exported and processed using ArcGIS 10.8 software. The validation of these lineaments is
done using geophysical data, field data, images and the road network.

3. Results analysis and interpretation

3.1. Principal component analysis of the study area

Figure 2 presents the principal component analysis generated with the seven Landsat 9 bands and three principal
components generated, were subject to RGB coloured composition, ACP1 ACP2 ACP3.
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Figure: 5 Colour composition of the principal component analysis (ACP1 ACP2 ACP3)

Figure 5 shows the four directional filters produced from the image resulting from the coloured composition of the ACP
principal components.
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Figure: 6 NS, NESO, NOSE and EO directional filters generated from Landsat 9 images

3.2. Presentation of lineaments extracted from Landsat 9 data.

Figure 7 presents the map of lineaments extracted from Landsat 9 images.
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Figure: 7 Lineament map from Landsat 9 images
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Figure 8 Density map of lineaments from Landsat 9 images
3.3. Presentation of lineaments extracted from Palsar images
The lineaments extracted from Palsar images are presented in Figure 8.
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Figure 9 Lineament map from Palsar images
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Figure 10 Lineament density map from Palsar images

3.4. Analysis and interpretation
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Figure 11 Directional rosette of lineaments from Landsat images

The lineaments extracted from Palsar radar images have a greater number of lineaments than those extracted from
Landsat images. One thousand five hundred and five (1505) lineaments extracted from Palsar images, the longest of
which has a length of 10,514 m with a total lineament length of 371,938.05 (Figure 12) while eight hundred and thirty-
five (835) lineaments are extracted from Landsat images, with a maximum lineament length of 20,970 m and a total
length of 583,615.26 m (Figure 11). The major directions of the lineaments are N150, NOO, N30 and N165.
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This analysis shows that the Palsar images are those, which allow the maximum extraction of lineaments, but the total
length and the maximum length of these lineaments remain low compared to the Landsat 9 images.

»° Rose Diagram

Figure: 12 Directional rosette of lineaments from Palsar images

It emerges from this analysis that radar images enhance linear structures better, this statement fits well with the work
of [26], [16], [14], [15]...~ this is the reason why the lineaments extracted via Palsar images were used for validation
and the observation is satisfactory because the geophysical data for the location of drilling in the area show us that the
positive drillings are positioned either on a fracture or on a fracture intersection.

4. Conclusion

The lineaments produced by the Palsar images have a number of 1505, the longest lineament has a length of 10514m
and the total length of extracted lineaments is 371,938.05m. While the number of lineaments produced from Landsat 9
images is 835. The longest lineament is 20,970 m and the total length of the lineaments is 583,615.26 m. The major
directions of the lineaments are N150, N0O, N30 and N165. These directions are in line with previous work.
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