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 Satellite images have a remarkable ability to help researchers map the 
distribution and detect the nature of the soil exposed on the earth's 
surface. The remote-sensing mapping of clayey soils makes it possible to 
determine their shrinking-swelling potentials. This approach is helpful in 
analyzing large areas where the traditional sampling approach with 
laboratory analysis is expensive. This high cost often leads to a limited 
number of samples and thus to a poor representation of a site with an 
underestimation of the presence of swelling soils. The Sidi - Chahmi area 
is representative of this type of soil. In addition, it is an area that 
undergoes the substantial urban sprawl of the city of Oran. The 
urbanization of this area is under the risk of clay-type soil movements, the 
identification of which by satellite imagery may help mitigate shrink-swell 
risk. EO-1-Hyperion hyperspectral images, whose effectiveness has already 
been proven for mapping clay minerals, were used to identify minerals 
such as illite, montmorillonite, and kaolinite in the Sidi - Chahmi area. 
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1. Introduction

Remote sensing has shown its potential as a
complementary, faster, and less expensive 
technique, which can support traditional 
cartography  and geotechnical investigation 

 (Yitagesu et al., 2009). 
Bourguignon et al. (2007) used the ASTER 

space radiometer (Advanced Spaceborne 
Thermal Emission and Reflection Radiometer) to 
map clay minerals via the six spectral bands in its 
shortwave infrared range, in particular the 
wavelengths between 2.145 µm and 2.43 µm. 

Several studies on the mapping of swelling 
soils using remote sensing are reported in the 
literature of airborne Visible hyperspectral 
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images/ Infrared Imaging Spectrometer 
(AVIRIS)/ Hyperspectral Mapper HyMap to 
identify and map swelling soils (Chabrillat et al., 
2002). 

The characterization of soils at risk makes it 
possible to provide real solutions for construction 
on clay soils. Indeed, the clay formations are most 
likely to experience the shrinking-swelling 
hazard.  

Clay soils are all the more affected as their 
fine fraction is rich in certain clay minerals, mainly 
from the smectite family and  certain 
interstratified illite - smectite type (Vincent et al., 
2007). 

In the event of urban sprawl, the total cost of 
claims related to the shrinking-swelling 
phenomenon of clay formations is known as an 
additional cost of about 20% compared to a 
limitation of the artificialized area (Gourdier et al., 
2018). The region of Sidi - Chahmi is affected by  
this phenomenon because its clay soil shelters a 
significant part of Oran city's urban extension. 

Indeed, the Oran agglomeration continues to 
expand eastwards (Bendraoua et al., 2011; Kadri 
et al., 2015), especially towards the commune of 

 Sidi - Chahmi. This extension was confirmed by 
studying a chronological series of satellite images 
covering the years 1984, 1995, 2005, and 2015 
(Rahal et al., 2018). 

This article aims to propose for Sidi - Chahmi 
region, a rapid mapping method from 
hyperspectral data to identify and locate clay soils 
with significant potential for shrinking - swelling.  

Based on a geographic information system, 
this mapping of clay soils can be crossed with 
urbanization projects maps, thus allowing a 
design of new constructions adapted to the soil 
characteristics.  

2. Presentation of the Sidi - Chahmi region 

The agglomeration of Sidi - Chahmi was first 
a colonial village created in 1845 (Busson, 1898). 
It is a commune in Wilaya of Oran located in the 
northwest of Algeria. It is contiguous to the Oran 
agglomeration, of which it is subject to its 
significant influence (Figure 1). 

From a simple hamlet of 2,376 inhabitants in 
1966, this area reached 189,614 inhabitants in  
2018, with an exceptional annual growth rate of 
31.75% between 2015 and 2018. Figure 2 shows  
 

Figure 1. Geographic position of the Sidi - Chahmi region in Algeria. 
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the  evolution of the Sidi - Chahmi population. 
This lightning growth allows it to reach the 

rank of suburban agglomeration in total 
contradiction with the orientations of the urban 
plan (Bendraoua et al., 2008). This demographic 
development is explained by the fact that Sidi - 
Chahmi was among the privileged municipalities 
for the establishment of urban social housing 
(Said, 2005). 

Damage to structures linked to soil swelling 
has been reported in the Sidi - Chahmi region due 
to the clayey nature of the soil (Hachichi et al., 
1999; Hachichi et al., 2007). Indeed, soil analyzes 
have shown that it consists of two superimposed  

layers. The first comprises quaternary lacustrine 
clay with sandy and limestone parts. The second 
layer, underlying the first, is formed from more or 
less sandy Pliocene marl. The formations that 
cover the plateau are alluvial deposits made up of 
sometimes silty clays. (Bengraa et al., 2008). 
Figure 3 shows the geological composition of the 
Sidi - Chahmi area. 

According to the classification of Williams 
and Donaldson (1980), the clay of Sidi - Chahmi 
has a very high swelling potential (Hachichi et al., 
2009), hence the importance of identifying its 
location to avoid the risks induced by massive 
urbanization in this region. 

X-ray diffractometric analysis shows that Sidi 
- Chahmi's clay consists of kaolinite, illite, 
Illite/montmorillonite interlayered, quartz, and 
calcite (Hachichi et al., 2007). 

3. Analysis of hyperspectral data from the 
Sidi - Chahmi region 

Remote sensing has the potential to provide 
detailed mineralogy of the earth's surface. At the 
beginning of the development of this technology, 
geological applications, and mineral exploration  
were among its most important uses. 

Subsequently, there is the advent of 
multispectral and hyperspectral space sensors 
such as ASTER (Advanced Spaceborne Thermal 
Emission and Reflection Radiometer) and Hyper-

Figure 2. Geographic Demographic evolution of 
the commune of Sidi - Chahmi in Algeria. 

(Sources : Ghomari, 2001 ; Rahal et al., 2018 ; 
ANIREF, 2018). 

Figure 3 Geological composition of the Sidi - Chahmi area (Source: Baba Hamed et al., 2013). 
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ion provided better quality data for mineral 
exploration (Zhang et al., 2007). These 
developments have enabled remote sensing to 
become an increasingly important tool for 
mineral exploration, particularly when little or no 
detailed topographic and geological maps are 
available and when access to the ground is 
difficult or sensitive (Perry, 2004). 

Satellite data can help carry out more 
extensive mapping of surface soil properties in 
semi-arid contexts (Gasmi et al., 20019), which is 
the case for the Oran region (Bounoua et al., 2009) 
which includes Sidi - Chami area. 

It has been clearly demonstrated that only 
hyperspectral imagery offers the possibility of 
identifying and quantifying the mineralogical 
composition of surfaces. This type of data is also 
essential in crisis management, such as shrinking-
swelling of clays (Hyperspectral Synthesis Group, 
2008). 

The Hyperion sensor is one of the most 
important remote information sources for 
mapping the minerals present on the earth's 
surface (Zazi et al., 2017). In this study, a Hyperion 
image taken on 11/29/2016 was used to identify 
clay minerals such as illite, kaolinite and 
montmorillonite, using Spectral Angle Mapper  
(SAM) classification and by matching the spectral 
signatures of the clay minerals from the spectral  
library of the Jet Propulsion Laboratory (JPL). 
Figure 4 shows the position of the hyperspectral  
image displayed in bands 29, 20 and 12, concern-

 ing the Sidi - Chahmi region. 
Hyperion images have a spatial resolution of 

30 m with a spectral range from 0.4 μm to 2.5 μm. 
These images are made up of 242 bands, but not 
all of them can be used. It is then a question of 
eliminating the null bands  and those presenting 
an excessive noise. The image used has been 
corrected at the atmospheric level using the 
atmospheric correction module QUAC (Quick 
Atmospheric Correction). 

The  image classification was carried out by 
the SAM (spectral angle mapper) method, which 
makes it possible to quickly map clayey soils by 
calculating the spectral similarity between the 
reflectance spectra of the image and the 
reflectance spectra of the targeted materials of the 
JPL spectral library. 

This method has been successfully used for 
remote sensing of clay soils by Ghosh et al. (2016); 
El - Magd et al. (2015); Cheng et al. (2008) on 
ASTER multispectral images but also Hyperion 
hyperspectral images (Zazi et al., 2017; 
Bhattacharya et al., 2012; Yan - Hong et al., 2010).  

The results of the SAM classification method 
are presented in Figure 5, indicating that the 
dominant minerals are illite in red, kaolinite in 
blue, and montmorillonite in yellow, thus 
consistent with the laboratory analyses carried 
out by Hachichi and al. (2007).  

The results make it possible to identify the 
location of clay soils, in particular in the northern 
zone of Sidi - Chahmi. This region, not yet artificia- 

Figure 4. Hyperion image of 11/29/2016, displayed in bands 29, 20 and 12, of the Sidi - Chahmi region. 
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lized, is likely to host the frantic urbanization of
Oran city.

4. Conclusion

The Sidi - Chahmi region is characterized by
vast bare and dry soil areas. The classification of
Hyperion data has made it possible to locate and
identify clayey soils with proven swelling
potential. Hyperspectral images are favored over
multispectral data whose spectral bands are too
wide and too few to allow the identification and
quantification of minerals (Groupe de Synthèse
Hyperspectrale, 2008).

Damage to buildings can be avoided or
mitigated if the soil properties are known, and
their distribution is fairly well mapped before the
start of any construction activity (Ramakrishnan
et al., 2008).

Thus, the combination of the classification of
clayey soils with urban cartography makes it
possible to plan future extensions well and not to
wait for the beginning of a construction project to
realize that it is a clay soil susceptible to shrinking
- swelling.
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