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Abstract. The progression and refinement of remote sensing techniques
now allow the extraction of geological lineaments without traditional
methods. This study aims to detect lineaments using Synthetic Aperture
Radar (SAR) data from three sensors with different bands: Alos-Palsar,
Radarsat-1, and Sentinel-1. Automatic lineament extraction is performed by
combining two different parameters along with the Palsar Digital Elevation
Model in order to recommend the most powerful sensor for this task. The
methodology involves relating the length, number, orientation, and density
of lineaments to surface features such as slope, lithology, and
discontinuities. The results of this evaluation show that the lineaments
obtained of both polarizations of sentinel correlate better with geological
units, the orientation of the tectonic system, shadow and slope maps. This is
attributable to the high efficiency of VH polarization, which is not dependent
on soil characteristics, in comparison with other polarizations that
overestimated lineaments with different directions.

Keywords: Lineament extraction; Remote sensing; Radar; Digital Elevation
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1 Introduction

Structural geology is crucial for any petroleum, geotechnical, or mineral exploration.
Geological mapping relies on understanding structures like faults, fractures, folds, and
breaks, and lineament mapping is essential for identifying these structures [1-4]. Therefore,
any geological mapping study requires background of structural information, including
faults, fractures, folds and brittle features. Lineament mapping is essential for identifying
these structural details.
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[5] defines lineaments as linear or curved features related to geological structures. Their
presence often indicates mining potential. Remote sensing, particularly, facilitates the
extraction of lineaments from various data, though manual mapping is difficult and time-
consuming.

Optical remote sensing is widely used to map lineaments using multi and hyperspectral image
data. [3, 6]. Studies show that both optical and SAR data are highly suitable for this task. [7],
although SAR data is less used despite its ability to provide measurements under all weather
conditions and at any time.

Launched in 1995, RADARSAT-1 is an Earth observation satellite developed by the
Canadian Space Agency. It operates in C-band with a 10-meter resolution and covers a 50
km? area in fine beam mode, The related data are valuable in various areas, including ocean
monitoring [8], Forestry [9], and geology [10].

Launched in 2014 by the ESA, Sentinel-1 provides C-band SAR images with a 5x20 meter
resolution and incidence angles from 31° to 46° [11]. Sentinel-1 data is free and useful in
various fields [12].

The PALSAR radar on ALOS, launched in 2006 by JAXA, uses the L-band and has captured
2.10 million imageries in HH and VV polarization, with angles of incidence from 18° to 43°.
These data are invaluable for environmental protection and exploration. [13, 14].

ALOS also provides high and low-resolution DEMs, useful for lineament extraction. This
research compares the performance of RADARSAT-1, Sentinel-1, and ALOS PALSAR data
for automatic lineament detection in a semi-arid region.

2 Geographic and Geological Characteristics of the Study Area:

The massif of Jebilet, situated at latitudes 31° 40' N and 32° N with longitudes 8° 20' W and
7° 40" W, is approximately 10 km to the north of the city of Marrakech. (Fig.1). The site was
selected for its geological diversity, its mineral resources and the in-depth geological
investigations that have already been carried out in the study area [15-18].
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Fig. 1. National scale map of our area of interest (left), and 1:100,000 scaled geology and mineralogy
map of the Central Jebilet (right).
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3 Materials and Methods

3.1 Dataset

The radar data covering our study area include:

One Radarsat-1 scene from October 13, 1997, in C-band Standard mode with HH
polarization, two Sentinel-1A images from October 18, 2017, in C-band Interferometric
Wide with two polarizations, two Alos Palsar scenes from June 14, 2007, in L-band Fine
Beam mode with HH and HV polarizations and a DEM of 12-meter resolution.

3.2 Methodology

3.2.1 Preprocessing steps

Prior to using satellite images, essential pre-processing steps are undertaken. This phase
converts digital numbers (DN) into backscatter values and reduces atmospheric effects like
"salt and pepper" noise (speckle) using the Lee filter across SAR images from three sensors.
Geometric correction follows to rectify distortions caused by terrain relief and sensor tilt [19],
employing Alos Palsar's high-precision (12m) Digital Elevation Model (DEM) with SNAP
tools and the Range Doppler Orthorectification method.
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Fig. 2. Flowchart of this work

3.2.2 Processing

In this work, extracting the lineament was automated using two main methods:
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Contour Detection: Implemented a Gaussian filter (RADI parameter) to detect abrupt
changes in pixel values, crucial for locating lineaments. A binary edge image was then
generated using the Edge Gradient Threshold (GTHR).

Line Extraction: Utilized the PCI Geomatica software's Line module, validated for its ability
to extract lineaments using six key parameters: RADI (Filter radius), GTHR (Edge Gradient
Threshold), LTHR (Length threshold), FTHR (Line Fitting Threshold), ATHR (Angular
Difference Threshold), and DTHR (Linking Distance Threshold). Additionally, the study
considered:

Slope: Important for identifying lineaments based on changes in DEM slope.

Shaded Relief: Used grayscale images to detect lineaments by analyzing shadow patterns
based on sun position, with the north-south orientation proving most effective. This
methodology optimized the Line module's performance in accurately identifying and
mapping lineaments across the study area.

4 Results and Discussion

Statistical analysis of the results shows in (Fig. 3) that 706 lineaments were detected from
Palsar HH images, 545 from HV images, and 684 from Radarsat-1 HH polarization.
Additionally, Sentinel-1’s both polarizations contributed 230 and 255 lineaments,
respectively. Regarding measurement of lineament lengths, those extracted from Palsar HH
polarization range from 128m to 1604m, and from HV polarization from 128m to 1200m.
Lineaments derived from Radarsat-1 data vary between 137m and 1403m, while those from
Sentinel-1’s two polarization span from 170m to 3134m and 170m to 3038m, respectively.

This difference in lineament lengths can be attributed to polarization characteristics.
Lineaments from horizontally polarized data tend to have shorter minimum lengths compared
to those from vertically polarized data, while the opposite holds true for longer lengths
(Sentinel-1 image exhibit significantly longer maximum lineament lengths compared to
Palsar and Radarsat-1 data). The majority of lineaments from Palsar HH and HV data range
between 128m and 280m, while for Radarsat-1 data, the most common lengths fall between
137m and 360m. Sentinel-1 VH and VV data show predominant lengths between 170m and
340m.

To assess sensor efficiency in detecting abrupt changes and slope areas, the lineaments
obtained from the RADAR sensors have been superimposed on the slope mapping (Fig. 5).
Analysis revealed that lineaments from Sentinel-1’s both polarizations aligned well with
slope, particularly over areas of acid and basic volcanic units, where significant altitude
changes occur in the study area. contrary, lineaments from both polarizations of Palsar were
located across most slope areas, including those with consistent slope. Regarding Radarsat-1
HH polarization data, lineament distribution showed no clear correlation with slope
parameters, except for those well-represented in the northeastern part of the study area across
all SAR images.

It is essential to assess lineament results by examining their orientation relative to ground
truth. (Fig.4) shows a rose diagram illustrating the orientations of various elements including
lineaments extracted from SAR data sources: (a) HH, (b) HV polarizations of Alos Palsar,
(c) HH polarization of Radarsat-1, (d) VH polarization, and (e) VV polarization of Sentinel-
1. The HH lineaments obtained from polarization of Palsar exhibit diverse orientations (Fig.
4a), while those from HV polarization (Fig 4b) predominantly align along the northeast-
southwest direction (NE 45, SW 225), with other directions also present. Similarly, Radarsat-
1 HH data follow the northeast-southwest direction (NE 45, SW 225) (Fig 4¢). Sentinel-1
data clearly show a predominant northeast-southwest orientation, with VH (Fig. 4 d) at NE
45,SW 235 and VV (Fig. 4e) at NE 45, SW 225. The orientations of faults (Fig. 4f), digitized
lineaments (Fig. 4g), and veins of Zn, Cu (Fig. 4h) correlate closely with the northeast-
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southwest directions observed in Sentinel-1 images (NE 75, SW 260 for faults; NE 55, SW
235 for digitized lineaments; NE 45, SW 225 for Hercynian veins).
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Fig. 3 The lineaments extracted from (a) HH, (b) HV of Alos Palsar, (c) HH polarization of
Radarsat-1, and (d) VH (e) VV of Sentinel-1 have been overlaid onto the digitalized geological map
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Fig.4. The Rose diagrams display the directions of various lineaments extracted from SAR data
sources: (a) HH , (b) HVof Alos Palsar, (c) HH of Radarsat-1, (d) VH (e) VV Sentinel-1, along with
(f) digitized lineaments from Google Earth, (g) faults, and (h) Veins of Zn, Cu.
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Fig. 5. The lineaments extracted from (a) HH and (b) HV polarizations of Alos Palsar, (c) HH
polarization of Radarsat-1, and (d) VH and (e) VV polarizations of Sentinel-1 have been overlaid onto
the slope map

5 Conclusion:

This work aims to evaluate the performance of the automatic detection from three
different sensors in identifying lineaments. The analysis compared data obtained from these
sensors, considering slope, shading, and orientation parameters. Validation was conducted
using geological maps and field investigations, correlating lithological units with extracted
lineament locations. Sentinel-1, particularly VH polarization data, demonstrated superior
performance in automatic lineament mapping compared to other sensors, which showed less
correlation with the studied parameters. Our findings were validated by mining exploration
experts from a major international company operating in the study area's existing mines.
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