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ABSTRACT 
 
The Aures massif is located in the eastern part of the Atlasic Domain and formed by Mesozoic and Cenozoic 
sedimentary rocks. The main objective of this study is to map the structural lineaments and geologically analyze 
their different geometric aspects, like orientation and distribution, using remote sensing data. Another important 
aim is to track the extent of lineaments, understand how they integrate into the regional structure and trace the 
main tectonic events responsible for the Aures' structuration. Both manual and automatic approaches were 
employed to achieve the study's objectives. More than twelve thousand lineaments were identified, and 
grouped into four direction families: NW-SE, NE-SW, E-W, and N-S. Two main factors control the orientation: 
density and distribution of the lineaments, and topographic and geologic factors. A good correspondence was 
found between literature and techniques employed in this work regarding structural lineament analysis showing 
that the Aures lineaments result from the succession of Alpine orogeny tectonic phases. Mainly two phases 
were responsible on its structuration: the major Atlasic event, which occurred during the Lutetitian stage with 
NW-SE trending, and the Alpine which happened in late Miocene with N-S compression. 
 
INTRODUCTION 
 
Many authors emphasized the importance of 
lineament mapping as part of various geological 
investigations (e.g. Mwaniki et al., 2015; Ramli et al., 
2010). Lineament extraction can help interpret the 
regional structure of a given area and discern its 
different structural elements (Abdelouhed et al., 
2022; Bentahar et al., 2020; Fossi et al., 2021). 
Lineaments can also assist in understanding 
underlying rocks architecture (e.g. basement faults), 
exploring mineral deposits (Adepoju et al., 2021; 
Hubbard et al., 2012; Liu et al., 2000), and 
discovering groundwater reservoirs (Al-Saedi, 2013; 
Bruning et al., 2011; Saint Jean Patrick Coulibaly et 
al., 2020). According to Hobbs (1904), lineaments 
correspond to morphological structures, generally 
rectilinear, and may be described as "(1) crests of 
ridges or the boundaries of elevated areas (2) 
drainage lines (3) coast lines, and (4) boundary lines 
of geological formations of petrographic rock types, 
or of lines of outcrops". Later, Hobbs (1912)  
 
 
 
 
 
 
 
 
 
 
 
 

completed this definition by adding "ravines or 
valleys and visible lines of fracture or zones of fault 
breccia". Several definitions then followed to include 
more earth linear features (O'Leary et al., 1976). The 
description given by Benabbas (2006) was retained, 
defining the lineaments as rectilinear or slightly 
curved structures that appear in landscape and 
which may correspond either to physiographic 
features linked to vegetation, hydrography, or 
morphology: ridges, relief limits, outcrop lines, or to 
elements of structural origin: faults, reversals of 
layers, a dense network of joints. Genetically, the 
lineaments can result from geological (e.g., faults, 
fractures, joints), morphological (e.g., stream 
channels, drainage divides, ridges), or anthropogenic 
processes (e.g., roads or field boundaries) (Adhab, 
2014; Soliman & Han, 2019). The lineaments can 
also reflect deep structures (flexures, basement 
faults, deep folds). 
In digital image processing, lineaments usually occur 
as edges with tonal differences. Most extraction 
techniques are based on edge enhancement by  
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improving the tone, the hue, and the image structure 
(Hung et al., 2005; Javhar et al., 2019). In this 
regard, two methods are proposed for identifying and 
extracting lineaments from remote sensing data: 
manual and automatic. The manual method consists 
of enhancing the tonal differences, then visually 
interpreting the lineament segments of the satellite 
image. This technique is efficient but it is relatively 
time-consuming and more importantly highly 
subjective. The automatic method uses computer 
software and algorithms to detect and extract 
lineaments automatically. Although this technique is 
quick, it generates many insignificant lineaments and 
must go through a post-processing phase that 
includes validation and removing anthropic 
lineaments. As a result, some manual processing 
should be incorporated (Abdelouhed et al., 2022). 
However, Ahmadi and Pekkan (2021) proposed that 
a single method may not provide an accurate 
lineament distribution. It is therefore necessary that 
the identification and extraction of lineaments 
integrate automatic and manual methods.  
This study is the first structural study applying remote 
sensing (Landsat 9, Sentinel 2 and SRTM) data on 
the Aures Massif. The latter forms an excellent 
choice, due to its well-exposed geologic formations, 
overall low-density vegetal cover, and the lack of 
recent literature. Moreover, the Aures has a well-
developed fracturing network and extends over a 
large geographic area with several hard-to-reach 
locations. Another aim of this study is to describe the 
important structural events that affected the Aures 
throughout its geological history and retrace their 
chronology based on the different lineaments' sets 
directions.  
 
Geographical and geological setting 
The Aures Massif is situated in the northeast part of 
Algeria, lying between 34

o
48’ and 35

o
34’N Latitudes 

and 5
o
34’ and 7

o
09’E Longitudes. The Aures is 

bordered in the north by the Timgad Basin and the 
Batna-Aïn Touta plain, in the south by the Chott 
Melrhir steppe, in the west by Oued El Haï valley 
followed by El Outaya plain, and in the east by Oued 

El Arab valley (Fig. 1). The study area is located in 
the eastern part of the Atlasic Domain, belonging to 
the foreland of the North African Alpine Belt (Bouillin, 
1986; Domzig, 2006; Durand Delga, 1969; Raoult & 
JF, 1974).  
The lithological series of the Aures is characterized by 
thick sedimentary sets extending over the Mesozoic 
and the Cenozoic. However, the Cenozoic outcrops 
are relatively less developed compared to Mesozoic 
ones. The study of the Aures Massif lithostratigraphic 
series is due to (Benmansour et al., 2018; Bensekhria 
et al., 2019; Djaiz, 2011; Ghandriche, 1991; Herkat, 
1999; Laffite, 1939; Yahiaoui, 1990) and it is formed 
by (Fig. 2):   
The Triassic, which forms the most ancient rocks in 
the study area. It is always found in abnormal 
stratigraphic positions, either in the form of diapirs 
piercing secondary and tertiary strata or injected 
along with tectonic accidents within surrounding 
rocks. 
The Jurassic outcrops are localized only at the center 
of two Aures massif anticlines; one can distinguish: 
the Lower Jurassic, located in the northwest part of 
the Aures near Menâa region at the east of Djebel 
Haouidja, consisting of fossiliferous shales with 
ammonites of Toarcian, and the Upper Jurassic which 
is located at the center of Djebel El Azereg anticline 
at the southeast of lower Jurassic outcrops, 
represented by Kimmeridgian and Tithonian, formed 
mainly by carbonate rocks (limestone and dolomite). 
The Cretaceous is widely represented in the Aures 
Massif and forms the most developed outcrops by 
showing a concordant series where all stages are 
present. The Aures's Cretaceous exhibits an evident 
opposition between two successive series: the first 
corresponds to Lower Cretaceous, with sandstone 
dominating. In contrast, the second one corresponds 
to Upper Cretaceous, where sandstones are missing. 
The Paleogene is well represented in the Aures, 
located in big synclines and the South Saharan 
Flexure (SSF); two sets form the Paleogene:  at the 
bottom, a fossiliferous marine set (Danian- Upper 
Lutetian), and at the top an azoic continental set 
(Upper Eocene- Oligocene). 
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Fig. 1 Geographic location of the Aures Massif 

 
The Neogen main outcrops are identified at the 
Aures borders, composed of detrital rocks where 
clays are dominant. The Neogen series often rest in 
discordance with formations of different ages 
(Oligocene, Eocene, Upper Cretaceous), containing 
several lithostratigraphic sets forming sequences 
whose boundaries are often heterochronous.  
From a structural point of view, six vast northwest-
southeast oriented folds forming the Aures 

southward were distinguished (Ghandrish,1991): (i) 
Anticline axis of Djebel Ahmer, Djebel Metlili, Djebel 
Ich Ali (ii) Anticline axis of Djebel Mérkizane, Djebel 
Haouidja, Igguedelène, (iii) Bouzina syncline; (iv) 
Anticline axis of Djebel Azreg, Djebel Ichmoul, Djebel 
Chelia, (v) Rhassira syncline; (vi) Anticline axis of 
Djebel Taktiout, Djebel Toubount; Djebel Khenchela. 
These vast folds are cross-cut by a dense 
multidirectional faults network. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2 Geologic map of the Aures Massif modified from Laffite (1939) 
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METHODOLOGY 
The methodology followed in this study is as shown 
on Fig. 3. 
Data collection  
Two datasets were used: multispectral images and 
Digital Elevation Models (DEMs).  
Multispectral images: produced using sensors that 
capture and measure reflected energy within a 
specific range of wavelengths under different 
resolutions (Table 1). Two multispectral images from 
three satellites were employed. 

Landsat 9, a collaboration between the National 
Aeronautics and Space Administration (NASA) and 
the United States Geological Survey (USGS). To 
cover the Aures Massif four scenes were used (Table 
2), each scene comprises 11 bands, but for the aim 
of this study, we have used the seven bands (1 to 7) 
with 30 m resolution each (Table 1).  
Sentinel-2, developed and operated by the 
European Space Agency (ESA). Bands 2 to 8 and 11 
to 12 were used (Table 1). With higher resolution, six 
scenes were needed to cover the Aures Massif 
(Table 2). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Methodology flowchart 

 
Both multispectral image datasets were downloaded from the USGS Earth Explorer website, considering 
periods with less vegetation, snow, and clouds.  
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Table 1: Bands of Landsat 9 and Sentinel-2A multispectral images  
OLI: Operation Land Imager, NIR: Near-Infrared, SWIR: Short Wave Infrared, TIRS: Thermal Infrared 
 

Landsat 9 OLI/TIRS Sentinel 2 

 Bands Central 
wavelength 
(μm) 

Resolutio
n (m) 

 Bands Central 
wavelength 
(μm) 

Resolutio
n (m) 

1 Coastal 
Aerosol 

0.440 30 1 Coastal Aerosol 0.443 60 

2 Blue 0.480 30 2 Blue 0.490 10 

3 Green 0.560 30 3 Green 0.560 10 

4 Red 0.655 30 4 Red 0.665 10 

5 NIR 0.865 30 5 Vegetation Red 
Edge 

0.705 20 

6 SWIR 1 1.610 30 6 Vegetation Red 
Edge 

0.740 20 

7 SWIR 2 2.20 30 7 Vegetation Red 
Edge 

0.783 20 

8 Panchromati
c 

0.590 15 8 NIR 0.842 10 

9 Cirrus 1.370 30 8A Narrow NIR 0.865 20 

1
0 

TIRS 1  10.895 100 9 Water vapor 0.945 60 

1
1 

TIRS 2  12.005 100 10 SWIR-Cirrus 1.375 60 

    11 SWIR 1 1.610 20 
    12 SWIR 2 2.190 20 

 
Digital Elevation Model (DEM), Digital Elevation 
Models are arrays of regularly distributed elevation 
values -altitudes- referenced to various projection 
systems. The Digital Elevation Model used in this 

study is extracted from Shuttle Radar Topographic 
Mission (SRTM) data with a resolution of 1 arc-
second (30 m), globally available to download from 
the USGS Earth Explorer website. 

 
Table 2 Mosaicked scenes and their date of acquisition 

 

Landsat 9  Sentinel 2 

 Scene 
path/row 

Date of acquisition  Scene Date of acquisition 

1 193/35 June 24, 2022 1 T31SGV July 05, 2021 
2 193/36 June 24, 2022 2 T32SKE August 24, 2021 
3 194/35 June 15, 2022 3 T32SLE August 06, 2021 
4 194/36 June 15, 2022 4 T31SGU December 07, 

2021 
   5 T32SKD November 10, 

2021 
   6 T32SLD December 04, 

2021 

 
Preprocessing 
The necessary preprocessing phase consists of 
applying radiometric and atmospheric corrections on 
multispectral images, while the SRTM data was 
geometrically corrected to assure perfect 
superposition. The mosaicking of different scenes 
from (Table 1) is performed at this phase using Envi 
Exelis software. 
 

Processing 
The issued multispectral images from the 
preprocessing phase were served for: 
Band combinations: Each band of the used 
multispectral images (Table 1) can be individually 
displayed as a grayscale image (Fig. 4a), or it can be 
combined with two other bands to form a color 
composite image (Fig. 4b).
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Fig. 4 a: Grayscale image of Landsat 9 Band 5 b: RGB-532 band combination of Landsat 9  
 
SWIR 2, SWIR 1, and blue corresponding 
respectively to RGB is a particularly useful 
combination for identifying lithological formations and 
faults (7 6 2 for Landsat 9 and 12 11 2 for Sentinel-
2).  
Band ratioing: The band ratioing technique can be 
used to enhance the spectral differences between 
bands. Just as the data in an image can be displayed 
as grey-tone images of single bands or as RGB 
three-band color images, various arithmetic 
combinations of bands can also be used. The most 
useful of these is the ratio of one band to another. It 
is prepared simply by dividing the DN (Digital 
Number) of each pixel in one band by that for the 
corresponding pixel in another band. Theoretically, 
this should produce a range of new values for the 
pixel from zero to infinity (Drury, 2001). Thus, 
combinations (4/3, 6/2, 7/5), (4/3, 6/2, 7/4), and 
(5/4,7/3, 7/4) for Landsat 9 and their equivalent for 
Sentinel 2 were found to have the best contrast.  
Principal Component Analysis (PCA): The PCA is 
also called principal components transformation. It is 
commonly used in geology for lineament extraction 
(e.g., Adiri et al., 2017; Khalifa et al., 2021; Salui, 
2018). It is a well-known mathematical technique that 
characterizes a large number of variables into a new 
smaller set without losing a significant amount of 
original information. Multispectral images like 

Landsat 9 OLI and Sentinel 2 have numerous 
spectral bands (Table 1) and frequently contain 
redundant data. PCA allows us to remove these 
redundancies (Canty, 2014; Chuvieco, 2020). The 
outcome of this processing phase from ENVI 
software is multiple images (PC1, PC2…etc.). The 
covariance table obtained from PCA shows that most 
information is concentrated in PC1: 93.64% for 
Landsat-9 and 94.93% for Sentinel-2, which will be 
used for further processing.  
Directional filtering is a multi-purpose technique 
commonly used to sharpen the image for edge 
detection and selective linear enhancement. This 
technique is useful in structural geology for improving 
linear structures such as faults and fractures and for 
general manual lineament extraction. In our work, we 
have used a 7x7 matrix in seven directions (0

o
, N45

o
, 

N90
o
, N135

o
) on PC1 obtained from the principal 

component analysis. Each result enhances a 
different line direction.  
Multidirectional shaded relief or hill-shading is the 
basic technique to create an intuitive and easy-to-
interpret 3D impression of the terrain and should be 
used for its cartographic consistencies (Tzvetkov, 
2018). For our study, we have used four shaded 
relief images with a solar azimuth of 0°, 45°, 90°, and 
135° maintaining solar elevation at 45° and under 
three color modes: grey, red and hypsometric.  
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Fig. 5 Grey shaded relief derived from SRTM data with 135° solar azimuth  
 
Lineament extraction was performed using automatic 
and manual approaches. The automatic technique 
was accomplished using the LINE algorithm of PCI 
Geomatica software on the four directional filters 
(N0

o
, N45

o
, N90

o
 & N135

o
) and the shaded relief 

derived from SRTM data. The Line module extracts 
linear features from images and generates polyline 
shapefiles using six adjusting parameters.  
For the manual technique, ArcGIS software was 
used. The layers obtained from the processing phase 
(Band combinations, band ratios, PCA, directional 
filters, and shaded reliefs) in addition to the 
georeferenced and digitized geological map (Fig. 2), 
were superimposed. Each layer was turned visible at 
once, and apparent lineaments were drawn using the 
polyline tool. This superimposition technique allowed 
us to trace the lineaments and validate them through 
multiple layers. Both automatic and manual extracted 
lineaments were grouped into one layer for analysis 
and discussion (Fig. 6). 
 

Results and Discussion 
The application of the mentioned techniques on 
multiple superimposed layers allowed the drawing of 
the Aures Massif synthetic lineament map (Fig. 6). 
The figure shows a population of 12,702 identified 
and validated lineaments of varying lengths and 
directions (6,591 extracted automatically and 6,111 
manually). Sentinel-2 images allow extracting more 
lineaments than other satellite images, while the 
lineaments obtained from SRTM data are the most 
significant for our study. 
Length and orientation: Lineaments' length varies 
between 0.02 km and 13.5 km, with a mean of 1.43 
km and a standard deviation of 1.035 km. The total 
length is 18,176 km, whereas most lineaments (90%) 
are less than 2.59 km long (Fig. 7). The longest 
lineament (13.5 km) is located at the north-eastern 
part of Djebel Azreg, corresponding to an important 
NE-SW directional fault that separates Aptian lands 
from Albian ones.  
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Fig. 6 Synthetic lineament map of the Aures Massif  
 
Mapped lineaments are grouped into eighteen 
classes with an interval of 10

o
. The number of 

lineaments, the total length, and the percentage of 
the latter two were calculated for each class and 
given in Fig. 8a. The rose diagram of the extracted 
lineaments is given in Fig. 8b. The last enables an 
easy overview of the general lineaments' disposition 
orientations. Four major sets are recognizable, 
oriented NE-SW, NW-SE, E-W, and N-S.  The NE-

SW lineaments are the most dominant with a 
percentage of 58.80 % and a total length of 11826.1 
km; the NW-SE orientation form the second most 
family with a percentage of 24.44% and a total length 
of 3,628.37 km; the E-W family has a percentage of 
9.93% and a total length of 1,651.38 km, the N-S 
family is of less importance and represented by 867 
lineaments with a percentage of 6.83%.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7 a Frequency histogram of lineament lengths (semi-loggraph)  
b Basic statistics of lineament lengths 
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The combined analysis of length and frequency 
reveals that NW-SE lineaments have the highest 
length average, in contrast, the NE-SW lineaments 
have the lowest average (Table 3). 
Density: The analysis of lineament density is a 
commonly used parameter in the interpretation of 

lineaments' concentration and distribution (Adiri et 
al., 2017; Bonetto et al., 2015; Javhar et al., 2019; 
Lachaine, 1999; Pinto et al., 2017). The present 
study uses density to understand the relationship 
between lineaments' distribution and its controlling 
factors. 

 

Class 
(°) 

Count Percentage 
(%) 

Total 
length 
(km) 

Length 
percentage 
(%) 

[0-10] 423 3.33 543.51 2.99 
[10-
20] 

615 4.84 812.48 4.47 

[20-
30] 

782 6.16 1091.57 6.01 

[30-
40] 

1075 8.46 1632.57 8.98 

[40-
50] 

1338 10.53 2136.59 11.75 

[50-
60] 

1499 11.80 2600.93 14.31 

[60-
70] 

1340 10.55 2205.47 12.13 

[70-
80] 

985 7.75 1577.87 8.68 

[80-
90] 

668 5.26 882.72 4.86 

[90-
100] 

451 3.55 564.89 3.11 

[100-
110] 

348 2.74 410.26 2.26 

 [110-
120] 

375 2.95 422.77 2.33 

[120-
130] 

487 3.83 530.28 2.92 

[130-
140] 

513 4.04 595.21 3.27 

[140-
150] 

596 4.69 712.74 3.92 

[150-
160] 

513 4.04 630.91 3.47 

[160-
170] 

358 2.82 426.41 2.35 

[170-
180] 

336 2.65 399.18 2.20 

 
Fig. 8 a Basic statistics of lineaments' direction classes b Rose diagram of extracted lineaments  
 
Table 3 Lineaments orientation sets 
 

Orientation Number Frequency (%) Total length (km) Total 
length/Number 
(km) 

NE-SW 7469 58.80 11826.1 1.58 
NW-SE 3104 24.44 3628.37 1.17 
E-W 1262 9.93 1651.38 1.31 

N-S 867 6.83 1070.51 1.23 

 
 
 
 

a 

b 
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The Aures Massif lineaments' density map (Fig. 9) 
was obtained using the line density tool in ArcGIS. 
From the observation of the Aures Massif density 
map (Fig. 12), one can observe that the different 
lineaments are not evenly distributed throughout the 
study area. Generally, the high-density areas are 
localized in the northwestern portion of the map, with 
the most concentration along the anticline axis of Dj. 
Azereg-Djebel Ichemoul-Djebel Chélia and the 

Ghassira syncline. The earlier is considered the 
center of the Aures basin by many authors 
(Ghandriche, 1991; Herkat, 1999; Laffite, 1939; 
Yahiaoui, 1990). South-eastward, the density 
decreases except in some localized areas in Djebel 
Taktiout and Djebel Toubount showing moderate to 
high density. The Paleogene of Ghassira syncline 
often has the highest density in the whole Aures.

  

 
 
Fig.9 Lineament density map of the Aures Massif  
 
Distribution controlling factors: The distribution 
and the localization of the lineaments are controlled 
by various factors which can be grouped into 
topographic and geological factors.  
Topographic factors: The slope image is derived from 
SRTM data using the slope tool in ArcGIS. The 

superposition of the density map (Fig. 9) on the slope 
image (Fig. 10) shows a clear concordance between 
the two, where areas with high lineament densities 
correspond to areas with the highest variation of 
elevation.
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Fig.10 Superposition of the lineaments on the slope map of the Aures  
 
Geological factors: The superposition of the 
obtained density map on the geologic map shows 
that the Lower Cretaceous, the Maastrichtian, and 
the Paleogene formations have the most densities; 
these stages contain competent rocks that show 
brittle behavior during compressions and which 
reflect the highest densities. In contrast, the Neogene 
formations are the least affected areas and this is 
due to their high content of clays and their recent 
age. Another observation is that high-density areas 
often align with major fault corridors.   
Structure: The combined use of remote sensing and 
GIS to extract lineaments allowed us to discern the 
linear proprieties and conclude the structural features 
of the Aures. 
The NE-SW direction set forms the most abundant 
direction in the Aures Massif. The lineaments of this 
set correspond to the big fold axes generated by the 
Atlasic tectonic phase and to directional faults.  In a 
regional frame, the Souk Ahras-Batna NE-SW fault 
manifests by putting in contact Miocene with the 
Turonian of Djebel Ich Ali's northern flank 
(Glangeaud, 1951). 
The NE-SW direction set is present in the study area 
with lengths going generally from small to average. 
The kinematic corresponds mostly to dextral strike-
slip faults. Lineaments belonging to this direction are 
met all over the Aures massif and of which the most 
remarkable one is located between the tip of Djebel 
Metlili and Sidi Khelil (Guiraud, 1973).  
E-W direction set: The lineaments of this set are less 
numerous and of less importance. They correspond 
most often to structures of the Miocene age at the 

NE limit of the Aures massif as well as to the South 
Saharan Flexure at the Southern limit of the Massif.  
The N-S family is sometimes found in the mapped 
region with a generally local extension. These 
lineaments most often correspond to accidents 
generated by the Alpine phase. 
 
CONCLUSION  
Remote sensing has shown its efficiency in the 
structural mapping of the Aures Massif. The latter 
covers a big area with remote locations, where 
traditional methods make mapping challenging. The 
methodology adopted in this study consisted of four 
steps starting from data gathering by downloading 
different image sets; we relied on three types of 
satellite images:  Landsat 9, Sentinel 2-A, and SRTM 
data for their proven lineament extraction 
performance. The second step is to preprocess the 
data by applying geometric and atmospheric 
corrections. The obtained images were later 
processed by applying multiple visual technics 
depending on the dataset type, whether multispectral 
(Landsat and Sentinel) or Digital Elevation Model 
(SRTM DEM). The final step is to extract lineaments; 
in our study, both manual and automatic extraction 
methods were applied on more than twenty layers for 
maximum significant structural lineaments.  The 
produced lineament map accompanied by statistical 
analysis shows that the study area is cross-cut by a 
dense lineament network where four lineament sets 
were discerned: NW-SE, NE-SW, E-W, and N-S. 
The geologic factors represented in the rock's 
competency and age controlled the lineament 
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distribution. Another controlling factor is topography, 
where places with rapid slope change form the area's 
most dense parts.  
The comparison with available geological data shows 
that these structural lineaments correspond mainly to 
faults resulting from the succession of multiple 
tectonic phases. The most important phases 
responsible for the structuration of the Aures are the 
most recent ones that took place during the Tertiary 
during the Alpine orogeny.    
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