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often known as „lineaments,” on the surface of 
the Earth. Lineaments show the structure of the 
foundational rocks, formed through various tec-
tonic processes (deformational) events throug-
hout the geological history of a region (Ramli et 
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ABSTRACT
The Saka region and its environs are situated in the northeastern part of Morocco. This study aimed to optimize 
automated lineament extraction based on the comparing of Landsat-8 optical satellite data with Sentinel-2B for 
enhanced analysis. The research delved into the structural lineaments within the Saka region, with the objective of 
advancing the understanding of lineament extraction techniques. Remote sensing techniques were employed to ex-
tract and map these lineaments Furthermore, the study sought to elucidate the distribution and genesis of volcanism 
in the Saka region and its surroundings in the context of geodynamics. The availability of optical and multispectral 
remote sensing datasets, including those from Landsat-8 OLI and Sentinel-2B, characterized by medium and high 
spatial resolutions, enhances the efficiency and simplicity of lineament mapping – an essential component of any 
structural geological investigation. However, due to the differences in spatial resolution and sensitivity to land cover, 
the outcomes from these diverse data sources were derived with varying resolutions display variability. The spatial 
resolution of the images significantly influences the precision and clarity of the retrieved lineaments. The findings 
underscore a strong correlation between lineament directions (primarily NE-SW, E-W, NW-SE) and faults, i.e., cor-
respond to the distribution of volcanic outcrops in the Saka area and its vicinity. For validation purposes, the linea-
ments extracted through directional filtering were compared to the manually obtained lineaments, alongside linea-
ments digitized from the pre-existing neotectonic map (faults) as well as satellite images depicting lineaments in the 
study area. Density analysis was employed to investigate the correlation between the concentration of lineaments 
and the distribution of pre-existing faults. Additionally, the geological map was utilized to refine the correlation 
between density distribution and the spatial orientations of volcanic rock formations in the study area.

Keywords: Landsat-8Oli, Sentinel-2B, automatic lineament extraction, mapping lineaments, Saka, volcanic rocks.

INTRODUCTION

A crucial component of any structural ge-
ological inquiry has always been the represen-
tation of linear structural segments on the map, 
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al., 2010). The prospection, exploration, and mi-
ning of different mineral deposits are all based 
on structural geological investigations and litho-
logical mapping, which are collectively referred 
to as geological mapping. Comprehending the 
origin and deposition of comparable mineral re-
sources necessitates structural studies of the ge-
ological units surrounding the mineral deposits. 
Identification of significant structural events 
and their timing in ore districts enables the con-
struction of models explaining the genesis of 
ore formation. Furthermore, comprehending the 
structural geology of a region is essential for 
understanding its geological history, which is 
necessary for simulating numerous ancient pale-
oclimatic and paleogeographic events (Negredo 
et al., 2007). Consequently, automatic, quicker 
methods for geological mapping of such areas 
must be developed, using satellite imagery, com-
putational software, and algorithms that would 
aid and direct field investigations. As their spa-
tial and spectral characteristics change as they 
extend, linear objects in remote sensing data can 
be difficult to identify (Wang, 1993). For diverse 
applications, including the identification of road 
networks, extracting linear features from digi-
tal satellite data (Singh and Garg, 2013; Valero 
et al., 2010), stream networks (Martinez et al., 
2009; Paiva et al., 2015), and geological linea-
ments (Hashim et al., 2013; Maged and Mazlan, 
2010) is essential; thus, several algorithms have 
been developed. Faults, dykes, shear zones, and 
folds are examples of geological lineaments, 
which are expressions of the underlying geolo-
gical structure. Because of their relationship to 
hydrothermal mineralization, linear to curvili-
near faults, dykes, and shear zones are especi-
ally fascinating for aiding mineral exploration 
(Manuel et al., 2017; Pour and Hashim, 2014). 
However, these features are equally useful for 
hydrogeological (Bhuiyan, 2015; Takorabt et al., 
2018) and tectonic research (Arian and Nouri, 
2015; Masoud and Koike, 2017). Identifying 
key structural units, analyzing structural defor-
mation patterns, locating geological boundaries, 
and discovering mineral deposits can all be done 
using faults, dykes, and shear zones (Glasser and 
Ghiglione, 2009; Pour and Hashim, 2014). In 
the absence of a sedimentary or regolithic cover, 
mineral deposits frequently form clusters along 
specific locations along deep crustal structures 
(Hein et al., 2013; Lund et al., 2011). Econo-
mic factors make it crucial to comprehend the 

structural mechanisms underlying hydrothermal 
ore deposits over deep crustal discontinuities, 
but this is still up for debate. Some scientists 
contend that fault bends are the main factor in-
fluencing ore clusters, while others think fault 
intersections are crucial (Lu et al., 2016). Howe-
ver, both situations can play a role in the genesis 
of hydrothermal ore deposits. Regardless of the 
methods, finding geological lineaments can as-
sist and connect the surface lineament expressi-
ons to underlying structural discontinuities, 
which eventually supports mapping mineral pro-
spectivity. Since remote sensing has made such 
significant strides, it is now possible to charac-
terize lineaments by utilizing a wide range of 
sources and techniques. As a consequence, auto-
mated methods are becoming more popular than 
manual ones, which are challenging, time-con-
suming, and heavily dependent on the accuracy 
of the analysis (Masoud and Koike, 2006). 

The study sought to investigate and under-
stand structural lineaments in the Saka region 
using remote sensing techniques, primarily to 
extract and map these lineaments. Additionally, it 
aimed to use this lineament data to gain insights 
into the distribution and implementation of vol-
canism in the area, which is significant for under-
standing the region’s geodynamics. The availabi-
lity of optical and multispectral remote sensing 
data, such as Sentinel-2B andLandsat-8 Oli, is 
harnessed to improve the accuracy and simplicity 
of lineament mapping, a crucial aspect of structu-
ral geological research. The study acknowledged 
the impact of spatial resolution on the precision 
and clarity of the extracted lineaments.

The subsequent sections of this article were 
organized as follows: Section 2 delves into the 
Geographic and Geological setting. Section 3 
outlines the materials and methods employed in 
this study. Finally, Section 4 provides the discus-
sion and conclusion of the paper.

STUDY AREA 

Geographic setting

The study area, encompassing Saka and its 
surroundings, is situated in the northeastern 
part of Morocco (Fig. 1) and spans an area of 
7779 km².

It extends across longitudes ranging from 
3.95°W to 2.84°W and latitudes from 34.26°N 
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to 34.95°N. The study area spans two structural 
domains, namely the Meso-Atlasic and the Ri-
fian (as depicted in Figure 1). The region expe-
riences an average annual rainfall of 225 mm, 
indicating a predominantly semi-arid climate 
(El Kati et al., 2018).

Geological context 

The Saka area and its environs, situated in 
the northeastern part of Morocco between the 
Rif and the Middle Atlas, are part of the Guer-
cif basin, characterized as a depression filled 
with Tertiary and Quaternary deposits. This re-
gion comprises Triassic and Jurassic sediments 
forming the substratum, overlain unconformably 

by Neogene and Quaternary deposits (EL Kati, 
2017). Its geological history is notably complex 
due to its proximity to the Moulouya belt shear 
zone and the arcuate Rifian front (Bernini et al., 
1999). The digitized geological map indicates 
that the upper Jurassic facies predominantly 
geologic formation in the study area (24.88%), 
followed by middle and ancient Quaternary 
limestone (15.03%), and upper Cretaceous fly-
sch (10.43%).

DATA AND METHODS

On the basis of the literature survey con-
ducted in 1975, it was found that there is no 

Figure 1. Geographical location of the study area
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single method for detecting geological linea-
ments in remote sensing. However, the com-
monly three methods that are used to extract 
geological lineaments (Ahmadi and Pekkan, 
2021): (i) Manual Extraction, (ii) Semi-Auto-
mated Extraction, and (iii) Automated Extrac-
tion. In this work, only automated and manual 
lineaments extraction were used. 

The lineaments mapping was elaborated using 
two satellite dataset (Sentinel 2B, Landsat-8 Oli). 
On the basis of satellite bands, many processing, 
and techniques were used to determine and filter 
the lineament’s directions in the study area, such 
as atmospheric, and radiometric for satellite im-
ages to provide them with the preliminary focus 
and prepare them for further analysis. Statistical 
analysis especially PCA has been used to assess 

the correlation between the band imagery. This 
process can be easily applied in the toolbox of 
ENVI software. The methodology framework 
defined based on the research questions and hy-
pothesis, is presented in Figure 3. This work was 
performed using ENVI 5.3, PC GEOMATICA 
2016, ArcGIS 10.8, and Rockworks16 software.

Preprocessing 

The radiometric correction involves conver-
ting digital values into physical units to analyze 
reflectance. The data from satellite sensors are 
indeed influenced by various factors which are 
different in the captor’s manufacture, scattering 
atmospheric absorption, electrical noise, and the 

Figure 2. Geological facies, faults, and digitized lineaments in the Saka region and its surroundings. 
t: Generally intrusive Triassic : gypseous and saliferous, c1: Lower Cretaceous marine, cF: Cretaceous Flysch, 
caF: Ante-orogenic Cretaceous with Flysch, cnF: Cretaceous and Eocene marly flysch, cs: Upper Cretaceous, csF: 
Upper Cretaceous to Flysch, d: Devonian, e: Eocene, e1m: White marl with flint, eof: Nummulitic Flysch with 
Oligocene dominance, h: shale, jF: Flysch, ji: Lias, jm: Middle Jurassic, jm1: Bathonian and Bajocian, js: Upper 
Jurassic, js2: Insituarian, mF: Miocene Flysch, ma: Ante-orogenic Miocene, mia: Lower Miocene anteorogenic 
with marly to transgressive facies, mm: Middle Miocene with blue marl facies, mma: Middle Miocene ante-
orogenic with blue marl facies with transgressive facies, mms: Middle Miocene with sandy Sahelian facies, mpc: 
Mio-Pliocene continental, nF: Nummulitic Flysch, o: Marine Oligocene, p1: Marine Pliocene, pvc: Pliocene 
Villafranchian to conglomerate, qa: Early Quaternary: terraces, qc: Middle and ancient Quaternary limestone, xp: 
primary or Precambrian (shales or quartzites), β: basalt, βP: Pliocene basalt
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differences in gaining and linear response of each 
detector (Begeman et al., 2022).

The atmospheric correction this correction is 
necessary for the preprocessing of satellite im-
ages and is based on use the algorithm of Fast 
Line-of-sight Atmospheric Analysis of Spectral 
Hypercube (FLAASH) to isolate the intrinsic sur-
face characteristics from atmospheric effects in 
the observations (Cooley et al., 2002). 

Processing

The principal component analysis (PCA) is a 
method of data analysis widely used in geological 
studies (Zhang et al., 2007). It has the advantage of 
converting correlated variables into new variables 
that are mutually uncorrelated (Elaaraj et al., 2022). 
It allows the researcher to reduce the numbers of 
variables and make the information less redundant.

Table 1. Sentinel-2 MSI and Landsat-8 OLI spectral band ranges
Data Spectral range Wave length range (µm) Spatial resolution Sources

Landsat-8 Oli

1 – Coasta Aerosol
2 – Blue
3 – Green
4 – Red
5 – Near Infrared (NIR)
6 – Short Wave Infrared (SWIR) 1
7 – Short Wave Infrared (SWIR) 2
8 – Panchromatic
9 – Cirrus
10 – Thermal Infrared (TIRS) 1
11 – Thermal Infrared (TIRS) 2

0.433 – 0.453
0.450 – 0.515
0.525 – 0.600
0.630 – 0.680
0.845 – 0885
1.560 – 1.660
2.100 – 2.300
0.500 – 0.680
1.360 – 1.390

10.6 – 11.2
11.5 – 12.5

30
30
30
30
30
30
30
15
30
100
100

(Pinto et al., 
2018)

Sentinel 2B image

1 – Coasta Aerosol
2 – Blue
3 – Green
4 – Red
5 – Vegetation Red Edge
6 – Vegetation Red Edge
7 – Vegetation Red Edge
8 – NIR
8a – Vegetation Red
9 – Water vapor
10 – SWIR/Cirrus
11 – SWIR 1
12 – SWIR 2

0.423 – 0.463
0.425 – 0.555
0.525 – 0.595
0.635 – 0.695
0.690 – 0.720
0.725 – 0.755
0.763 – 0.803
0.727 – 0.957
0.845 – 0.885
0.925 – 0.965
1.345 – 1.405
1.520 – 1.700
2.010 – 2.370

60
10
10
10
20
20
20
10
20
60
60
20
20

(Pinto et al., 
2018)

Neo-tectonic map - - 1:1000 000

Geologic map 1:500 000

Figure 3. Methodological flowchart of the study
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The Lineament extraction can be done in two 
ways such as manual and automatic (Nguim-
bous-Kouoh et al., 2019). The current research 
is centered on the automated extraction of linea-
ments through satellite imagery, and neotectonic 
map. During the first step the image filtering was 
done using the 7×7 directional filters (enhance 
certain features of the image) for detection of 
contours and lines, in the second stage, the linea-
ments are digitally captured from both the satel-
lite images and the neotectonic map of Morocco 
at scale 1:1 000000 (Table 1).

Veri�cation and validation

The relevance of the methodology is assessed 
through crucial steps of controlling and validating 
the directions of extracted lineaments from satellite 
images. This involves comparing these directions 
with those of faults digitized from the neotectonic 
map and examining the distribution of volcanic 
rock outcrops as indicated in the geological map. 

RESULTS AND DISCUSSIONS

Principal component analysis

Principal Component Analysis (PCA) was 
conducted utilizing specific bands (2, 3, 4, and 8) 

for Sentinel-2B and bands 1 through 7 for Land-
sat-8 OLI to determine which bands carry the 
most valuable information. The resulting PCA 
images exhibit enhanced spectral contrast, facili-
tating the successful identification of existing fea-
tures (Figure 4). PCA is particularly well-suited 
for lithological mapping, as each lithological unit 
is distinctly visible in the PCA images. In certain 
cases, lineaments or faults can be employed to de-
lineate the boundaries between adjacent litholo-
gies. This enables analysts to quickly digitize 
these boundaries from the PCA images. PCA is 
often used as a supplementary technique in geo-
logical mapping, for example, Suzen et al. (Suzen 
and Toprak, 1998) utilized PCA as a multi-band 
analysis to augment the results obtained from 
directional filters for geological lineaments. The 
outcomes of this process are presented in Table 2. 
For the both satellite images used, the novel com-
ponents generated by this method can account for 
as much as 95.50% and 95.79% of the original or 
initial dataset, respectively.

Extraction of lineaments

The lineaments were extracted using both 
manual techniques (digitization of lineaments) and 
automatic techniques (directional filters), based on 
a range of data, through Geomatica 2016 software.

Figure 4. False color composite of PCA 3 (Red), PCA2 (Green), 
and PCA1 (blue): a)Landsat-8 Oli, b): Sentinel-2B
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Automatic lineaments extraction 

The automated extraction of lineaments is 
performed using computer-aided software, invol-
ving several processing steps such as enhance-
ment, filtering, edge recognition, and lineament 
extraction. Scientists have developed various 
algorithms to automatically extract lineaments, 
including the Hough Transform (Wang and 
Howarth, 1990), Lineament Extraction and Stri-
pe Statistical Analysis (LESSA) (Zlatopolsky, 
1992), Segment Tracing Algorithm (STA) (Koike 
et al., 1995), Canny Algorithm (Maged and Ma-
zlan, 2010), the ADALGEO (Soto-Pinto et al., 
2013), TecLines (Rahnama and Gloaguen, 2014), 
and Lineament Detection and Analysis (LINDA) 
(Masoud and Koike, 2017). The final lineament 
map produced by these algorithms is provided in 
vector format and can be operated by software. 
Automatic lineament extraction techniques con-
sider such factors as noise, threshold, size, and 
orientation of linear features (Joshi, 1989). While 
these automatic methods expedite the analyst’s 

work, they still have limitations. Occasionally, 
the extracted linear features or lineaments may 
not precisely correspond to the underlying geo-
logical structures. In such cases, the analyst or 
user needs to evaluate the extracted lineaments 
or include manual interpretations. Numerous no-
table studies have applied automated algorithms 
for the detection of geological faults and linea-
ments using various types of remote sensing data, 
including Landsat MSS (Caumon et al., 2009; 
Tyan and Wang, 1993), Landsat ETM+ (El-Sawy 
et al., 2016; Mavrantza and Argialas, 2003), AS-
TER (Soto-Pinto et al., 2013), DEM (Abdullah et 
al., 2013; Rajendran and Nasir, 2019), multispec-
tral data (Adiri et al., 2017; Masoud and Koike, 
2011), and high spatial resolution data like KIO-
NOS (Koçal, 2004)Top of Form

Directional �lters (N00, N45, N90 and N135)

Figures 5 and 6 showcase maps of lineaments 
and corresponding rose diagrams derived from the 
application of the automated lineament extraction 

Table 2. PCA for Landsat-8 Oli and Sentinel-2B
Captor Component % Variance Eigenvalue

Landsat-8Oli

CP1 95.50 0.036733

CP2 2.52 0.000969

CP3 1.49 0.000573

CP4 0.32 0.000124

CP5 0.09 0.000035

CP6 0.07 0.000026

CP7 0.01 0.000003

Sum 100 0.038463

Sentinel-2B

CP1 95.79 0.015899

CP2 3.19 0.00053

CP3 0.93 0.000155

CP4 0.08 0.000014

Sum 100 0.016598

Figure 5. Lineaments auto-extraction using directional filters: N00(a), N45 (b), N90(c), N135 (d)
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method to Landsat 8 OLI and Sentinel 2B satellite 
images. The directions indicated by both satellite 
data are consistent. However, the difference be-
tween the two datasets lies in the number of the 
generated lineaments, with Sentinel 2B yielding 
a greater quantity. The prevalence of lineaments, 
under the directional filters N00, N45, N90, and 
N135, varies within the ranges of 0 to 45, 30 to 
90, 60 to 110, and 90 to 135, respectively.

Directional �lters overlay

The lineament maps and their corresponding 
rose diagrams, derived from overlaying the out-
comes of various directional filters applied in the 
automatic process of extraction lineament from 
satellite images (Figure 7), reveal three predo-
minant lineament orientations, listed in order of 

significance as E-W, NE-SW, and NW-SE. These 
findings are further supported by the field photo-
graphs depicted in Figure 8.

Manual lineaments extraction

The process of manual lineament extraction, 
particularly well-suited for spatial assessment, 
encompasses radiometric calibration, atmospher-
ic correction, visual interpretation, and manual 
lineament delineation. When the primary objec-
tive is to identify geological features, manual lin-
eament extraction is employed (Das et al., 2018). 
The outcomes of manual lineament extraction 
are contingent on the expertise and specific area 
of interest of the analyst. Initial efforts in inter-
preting lineaments included utilizing stereoptic 

Figure 6. Rose diagrams depict lineaments extracted from lineaments (a) Landsat and (b) 
Sentineldata using directional filters: N00, N45, N90, and N135 applied to the PCA

Figure 7. Directional filters overlay (a) and rose diagrams of lineaments 
extracted from Landsat-8 OLI (b) and Sentinel-2B (c)
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aerial photographs. In this process, lineaments 
were marked on transparent overlays and then 
transferred onto maps (Burns and Brown, 1978; 
Huntington and Raiche, 1978; Ramli et al., 2010). 
Many researchers choose high-resolution satellite 
imagery or digital terrain models (DTM) for the 
manual extraction of lineaments (Chaabouni et 
al., 2012; Das et al., 2018). With satellite data, 
lineaments frequently appear as straight lines or 
clear edges, identifiable through tonal variations 
in surface materials (El-Sawy et al., 2016). Ac-
curately classifying lineaments and linking frag-
mented segments into longer formations heavily 
relies on the field expertise of the user (El-Sawy 
et al., 2016; Sarp, 2005). Additionally, image 
quality is considered a significant factor for 

enhancing lineament identification in a manual 
approach (Alshayef et al., 2017). It is worth not-
ing that the manual digitization process is slow, 
labor-intensive, and subject to subjectivity (Moo-
re and Hastings, 1986).

In Figure 9, a comparison is presented be-
tween the results obtained from manual digi-
tization of the neotectonic map (a), satellite 
images (b, c). For t lineaments (faults) digi-
tized from the neotectonic map, three main 
lineament directions have been identified, pri-
oritized in the order of significance as E-W, 
NE-SW, and NW-SE. Conversely, when ex-
amining the digitization of Landsat-8 OLI and 
Sentinel-2B satellite images, the hierarchy of 
importance in classification shifts to NE-SW, 

Figure 9. The orientations of lineaments digitized from the Neotectonic map (a), Landsat-8 OLI image 
(b), and Sentinel-2B image (c), along with their corresponding diagrammatic roses (d, e, and f)

Figure 8. The three primary directions of field-observed lineaments, which are E-W, NE-SW, and NW-SE
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E-W, and NW-SE. This shift is attributed to the 
high spatial resolution of the satellite images 
used, particularly Sentinel-2B which boasts a 
resolution of 10 meters.

Lineament density

The analysis of lineament density is widely 
recognized as one of the most effective statisti-
cal methods for exploring the spatial distribu-
tion characteristics of lineaments. It provides 
valuable insights into the morphological as-
pects of the land surface (Corgne et al., 2010). 
Density holds a pivotal role in lineament stud-
ies (Corgne et al., 2010; Hashim et al., 2013; 
Hung et al., 2005; Lachaine, 1999), by furnish-
ing data regarding the number of lineaments in 
in a specific location (Lachaine, 1999). In this 
study, density was utilized to examine the con-
nection between the distribution of pre-exist-
ing faults and the concentration of lineaments 
within the investigated area.

Lineament density for directional �lters N00

Lineament density in the Saka area and its 
surroundings differs between Landsat-8 Oli and Sen-
tinel-2B images, ranging from 0 to 10,200 km/km² 
and 0 to 208,000 km/km², respectively (as shown in 
Figure 9). The higher frequency of lineaments in the 
Sentinel data compared to the Landsat data can be 
attributed to its superior spatial resolution.

Lineament density for directional �lters N45

Examining the lineament density map gene-
rated from Landsat-8Oli and Sentinel-2B images 
following the application the N45 directional fil-
ter (Figure 10) indicates the presence of exten-
sive fracturing in the study area. The lineament 
density spans from 0 to 10,500 km/km² in Land-
sat-8Oli and 0 to 273,000 km/km² in Sentinel-2B 
images. Occurrences of low and medium densi-
ties are relatively infrequent, mainly found and 
predominate in the central and southwestern re-
gions of the area. In contrast, high and very high 
densities are concentrated in the northern areas, 
covering smaller portions of the territory.

Lineaments density for directional �lters N90

Contrasting the lineament density maps gen-
erated from Landsat-8Oli and Sentinel-2B for the 
directional filter N90 reveals that the Sentinel-2B 
data shows higher lineament density in the area 
compared to Landsat-8Oli. The frequency of Lin-
eaments in the Landsat image ranges from 0 to 
11,300 km/km², whereas in the Sentinel image, it 
varies from 0 to 338,600 km/km².

Lineament density for directional �lters N135

In recent years, remote sensing has proven 
to be a valuable tool in various geological disci-
plines, especially in the fields of structural geol-
ogy, tectonics, lithological mapping, and seismic 

Figure 10. The lineament density for the directional filters N00 
extracted from Landsat-8 OLI (a) and Sentinel-2B (b)
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monitoring. Within the realm of geology, the 
term ‚lineaments’ collectively encompasses geo-
logical features such as faults, fractures, joints, 
and lithological boundaries. Various remote 
sensing data sources and analysis methods are 
available for detecting and studying these geo-
logical structures. Consequently, the identifica-
tion of geological lineaments plays a crucial role 
in the exploration of mineral deposits linked to 
hydrothermal activity changes and magmatic 
processes. Additionally, lineaments are in-
strumental in assessing natural hazards such 
as earthquakes and seismic activity, as well as 

determining groundwater potential and landslide 
risks. Traditional methods for studying geologi-
cal lineaments have been costly and time-inten-
sive. Moreover, the physical and geographical 
characteristics of the research area pose chal-
lenges to the use of conventional approaches. 
Instead, remote sensing technology has emerged 
as a more efficient means to map geological lin-
eaments, allowing for the identification of faults 
and their tectonic implications.

The application of preprocessing and proces-
sing techniques to Landsat and Sentinel images has 
proven to be instrumental in generating improved 

Figure 12. Lineament density for the N90 directional filters

Figure 11. Lineament density corresponding to the N45 directional filters
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Figure 13. The lineament density for the directional filters N135 
extracted from (a) Landsat-8 OLI and (b) Sentinel-2B

and more detailed maps for structural mapping 
(Javhar et al., 2019; Wang et al., 2018). Numerous 
studies have demonstrated the significant role of 
Landsat and Sentinel data, processed using remote 
sensing methods, in identifying geological linea-
ments. The results obtained in the study area reveal 
a notable variation in the orientations of lineament 
structures, including NE-SW, E-W, and NW-SE 
directions. These findings align with those of other 
researchers in similar geological contexts in Mo-
rocco and other countries. For instance, the studies 
conducted by Farah et al. (Abdelouhed et al., 2021; 
Redouane et al., 2022) and Redouane et al. (Ab-
delouhed et al., 2021; Redouane et al., 2022) con-
firm these results. Additionally, specific lineament 
orientations in northern Morocco were identified 
through magnetic method studies, as documented 
in the research by Amar et al. (2015).

The three primary directions of tectonic 
discontinuities (faults) as depicted on the geo-
logical map align with the distribution of vol-
canic rock outcrops, and this alignment is fur-
ther validated through the rose diagram depic-
ting the distribution of extracted lineaments 
from the high-spatial-resolution Sentinel-2B 
satellite image (Figure 14). This study under-
scored the close relationship between regional 
geodynamic activities, which have led to the 
development of three predominant fault direc-
tions, ranked in order of significance as: NE-
SW, E-W, and NW-SE (Figure 15). These fault 
orientations have facilitated the emplacement 
of magmas and the formation of volcanic out-
crops in these same three primary directions, 
as confirmed by the methodology employed in 
our research.

Figure 14. The primary directions of volcanic outcrop distribution in the study area
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CONCLUSIONS

This study employed a lineament extraction 
approach utilizing remote sensing data. It com-
bines automatic and manual extraction methods 
with geomatic tools to significantly reduce both 
the cost and time typically invested by geolo-
gists in creating a fracture map. This approach 
has enabled the production of a comprehensive 
lineament map for the Saka region and its vi-
cinity. The methodology involves utilizing data 
sources to extract linear structures, followed by 
a thorough process of control and validation, 
resulting in detailed information regarding the 
area’s fracturing. A comparison between the au-
tomatic extraction results and a manually gener-
ated map confirms the accuracy of this approach 
and its value in lineament identification.

Furthermore, density analysis was applied 
to investigate the connection between lineament 
concentration and the distribution of existing 
faults, while a geological map was utilized to bet-
ter understand the correlation between density 
distribution and lithological units within the study 
area. The results obtained demonstrate a strong 
correlation between the directions of lineaments 
(mainly NE-SW, E-W, NW-SE) and faults, align-
ing with the distribution of volcanic outcrops in 
the Saka region and its surroundings.

Manual detection of geological lineaments 
is a more time-consuming process compared to 

automatic detection, yet it remains the method of 
choice for achieving a more reliable characteriza-
tion of the detected lineaments.
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