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Abstract: In this study, the effectiveness of several image processing techniques, including the band ratio (BR), decorrelation stretch (DS), 
principal components analysis (PCA), minimum noise fraction (MNF), as well as the ASTER false color composition RGB: 468, was evaluated 
for the extraction of geological units from ASTER satellite imagery in southern margin of Alborz Mountain in Iran. In addition, a method based 
on Principal Components of Band Ratios (BRs-PCs) was proposed for discrimination of geological units from ASTER imagery. In this respect, 
a scene of ASTER Level1T VNIR+SWIR data of the year 2004 was acquired, and a geological map scale 1:100000 of the study area was used 
as the reference. The results indicated suitability of the conventional image processing techniques for discrimination of geological units, 
especially the PCA technique, which clearly highlighted Limestone, Basalt, Sandstone, Tuff, Conglomerate, and Dolomite from the ASTER 
image. The study also demonstrated effectiveness of the BRs-PCs method for geological mapping. This approach considered the advantages 
of both PCA and BR techniques, therefore, provided a superior result comparing to any of these techniques alone, and also better result 
comparing to other techniques used in this study. Thus, it may be useful for geological mapping along the whole Alborz Mountain with similar 
lithological and geomorphological conditions.

Keywords: ASTER imagery; Alborz Mountain; Geological mapping; BRs-PCs

Discriminación de unidades geológicas en el margen sur de la montaña Alborz en Irán utilizando 
imágenes de satélite ASTER
Resumen: En este estudio, la efectividad de varias técnicas de procesamiento de imágenes, incluida la band ratio (BR), decorrelation stretch 
(DS), principal components analysis (PCA), minimum noise fraction (MNF), así como la composición de color falso ASTER RGB: 468, fue 
evaluada para la extracción de unidades geológicas a partir de imágenes de satélite ASTER en el margen sur de los montes Alborz en Irán. 
Además, se propuso un método basado en componentes principales de proporciones de bandas (BRs-PCs) para la discriminación de unida-
des geológicas a partir de imágenes ASTER. En este sentido, se utilizó un escenario de datos ASTER Level1T VNIR+SWIR del año 2004 y como 
referencia un mapa geológico escala 1:100000 del área de estudio. Los resultados indicaron la idoneidad de las técnicas convencionales de 
procesamiento de imágenes para la discriminación de unidades geológicas, especialmente la técnica PCA, que destacó claramente la piedra 
caliza, el basalto, la arenisca, la toba, el conglomerado y la dolomita de la imagen ASTER. El estudio también demostró la eficacia del método 
BRs-PCs para el mapeo geológico. Este enfoque consideró las ventajas de las técnicas PCA y BR, por lo tanto, proporcionó un resultado supe-
rior en comparación con cualquiera de estas técnicas solas, y también un mejor resultado en comparación con otras técnicas utilizadas en 
este estudio. Por lo tanto, puede ser útil para el mapeo geológico a lo largo de toda la montaña Alborz con condiciones litológicas y geomor-
fológicas similares.

Palabras clave: imaginería ASTER; Montaña de Alborz; Mapeo geológico; BR-PC
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1. INTRODUCTION

Geological mapping is the process of physically 
going to the field observation and recording the geo-
logical information from the rocks that protrudes 
from the surface of the earth. The information that 
usually the scientists attempt to find are the bounda-
ries between different structures and rock types, such 
as fault-lines and evidence of the rocks undergoing 
deformation (Davis et al., 2011). Geologic mapping 
is a scientific field that aims to produce usable maps 
for various applications, such as quality assessment 
of ground waters and pollution hazards; land-use 
planning and land management; forecasting volcano, 
landslide, and earthquake; describing energy and 
mineral resources as well as their extraction costs; 
waste repository location; and general education 
(Compton, 1985; Soller, 2002). A powerful tool that 
can be implemented to improve the process of geo-
logical mapping is the technology of remote sensing 
(Varnes, 1974; Bernknopf, 1993; Pour and Hashim, 
2015; Yang et al., 2018).

Remote sensing technology is useful for the explo-
rations of minerals and geothermal energy, geologi-
cal investigations, and assessment of geotechnical 
engineering and environmental geology. Remote 
sensing is also an essential tool for understanding 
the significant natural hazards pertinent to geology 
such as earthquakes, floods, avalanches, river channel 
migration and avulsion, liquefaction, landslides and 
debris flows, sinkholes, subsidence, tsunamis, and 
volcanoes (Bhan and Krishnanunni, 1983). The mod-
ern and applicable remote sensing tools include opti-
cal images, thermal data, LiDAR and digital elevation 
models (DEM), microwave and SAR data, hyperspec-
tral remote sensing, and archived aerial photos and 
satellite images. Therefore, it is possible to perceive 
the Earth beyond our visual capability and transact 
the temporal and spatial limitations of earth observa-
tions (Prost, 2013).

Many image processing techniques have been 
presented in recent decades for purposes of geo-
logical mapping using remote sensing technology, 
such as band ratio (Inzana et al., 2003), correlation 
coefficient (Kühn et al., 2009), principal component 
analysis (Loughlin, 1991), optimum index factor (Fal 
et al., 2019), decorrelation stretch (Kenea, 1997), 
and log residual (Hook et al., 1992), etc. In this 
study, the applicability of different image processing 
techniques including the band ratio, decorrelation 
stretch, principal components analysis, and mini-
mum noise fraction, as well as false color composi-

tion ASTER RGB:468 was investigated for discrimina-
tion of different geological units from ASTER Level1T 
VNIR+SWIR data.

The effectiveness of Terra Advanced Spaceborne 
Thermal Emission and Reflection Radiometer (ASTER) 
satellite data for lithological mapping and discrimina-
tion of geological units was demonstrated in many 
studies during the recent decades (Hewson et al., 
2005; Pournamdari et al., 2014; Abdelouhed et al., 
2022). The suitability of ASTER image for geological 
applications is mainly due to the spectral charac-
teristics of the ASTER visible/near-infrared (VNIR), 
shortwave infrared (SWIR), and thermal infrared (TIR) 
bands, consequently, possibilities to perform different 
image processing techniques for mapping geological 
units (Rokni et al., 2011; Hewson et al., 2017; Rezaei 
et al., 2020).

2. MATERIALS AND METHODS

2.1 Study area

The test site is located in northeastern Iran in 
Semnan province. The region is surrounded by the 
mountains and foothills of the North Alborz Moun-
tains which belongs to the Alp-Himalaya orogenic 
belt. The active morphodynamics in this region are 
mainly driven by aeolian and fluvial activities. The flu-
vial activities are prominent as slop deposits, alluvial 
domains and mega fans (Ullmann et al., 2016). This 
region is covered by concrete layers such as creta-
ceous formations, as well as sandstone and paleo-
gene-related conglomerates (Arabameri et al., 2019). 
Figure 1 shows location of the study area.

2.2 Dataset

To carry out discrimination of geological units in 
the study area, one scene of the ASTER L1T collection 
acquired in August 2004 was obtained from the US 
Geological Survey (USGS) Global Visualization Viewer. 
ASTER Level 1 Precision Terrain Corrected Registered 
At-Sensor Radiance (AST_L1T) data contains calibrated 
at-sensor radiance, which corresponds with the ASTER 
Level 1B (AST_L1B), that has been geometrically cor-
rected, and rotated to a north-up UTM projection. The 
bands available in the AST_L1T include three Visible 
and Near Infrared (VNIR) bands, six Shortwave Infra-
red (SWIR) bands, and five Thermal Infrared (TIR) 
bands (NASA, 2021). Specifications of the ASTER data 
is presented in Table 1.
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Figure 1. Location of the study area

Table 1. Specifications of Aster image used in this study

Satellite Sensor Year Band Description

ASTER TERRA 2004

VNIR_Band1

VNIR_Band2

VNIR_Band3N

SWIR_Band4

SWIR_Band5

SWIR_Band6

SWIR_Band7

SWIR_Band8

SWIR_Band9

15 meter resolution VNIR Band 1(0.52 to 0.60 µm)

15 meter resolution VNIR Band 2 (0.63 to 0.69 µm)

15 meter resolution VNIR Band 3N (0.78 to 0.86 µm)

30 meter resolution SWIR Band 4 (1.600 to 1.700 µm)

30 meter resolution SWIR Band 5 (2.145 to 2.185 µm)

30 meter resolution SWIR Band 6 (2.185 to 2.225 µm)

30 meter resolution SWIR Band 7 (2.235 to 2.285 µm)

30 meter resolution SWIR Band 8 (2.295 to 2.365 µm)

30 meter resolution SWIR Band 9 (2.360 to 2.430 µm)

2.3 Geological mapping techniques

The applicability of several image processing tech-

niques including the band ratio (BR), decorrelation 

stretch (DS), principal components analysis (PCA), 

minimum noise fraction (MNF), and principal com-

ponents analysis of band ratios (BRs-PCs) was inves-
tigated for discrimination of different geological units 
in the study area from ASTER satellite imagery. Before 
applying the specified techniques, the false color com-
position ASTER RGB: 468, which is generally suitable 
for geological mapping, was tested for this purpose.
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Band ratio is a useful technique for geological stud-
ies to extract spectral features that are not observ-
able in the raw bands. This technique use to reduce 
the topographic variations and differences in image 
brightness associated with size variable (Adams and 
Felic, 1967; Sultan et al., 1986). Band ratio is useful 
for lithological mapping, specially to discriminate rock 
units in ophiolite complexes (Ninomiya et al., 2005; 
Amer et al., 2010; Gabr et al., 2010). Several band 
rations that have previously been verified for geo-
logical purposes were evaluated, and consequently 
the ASTER band ratios (4/1, 4/5, 4/6) = (SWIR-B4/
VNIR-B1, SWIR-B4/SWIR-B5, SWIR-B4/SWIR-B6) were 
found more suitable for detailed lithological mapping 
in the study area.

Another technique which was used for geological 
mapping is decorrelation stretch. This technique is use-
ful to remove high correlation that commonly found in 
multispectral images and is also appropriate to gener-
ate a more colorful composite image for the purpose of 
visualization and to improve image interpretation (Gil-
lespie et al., 1998). Decorrelation stretch was widely 
used for ophiolite mapping in previous studies (Kenea, 
1997; Khan et al., 2007; Seleem et al., 2020).

A standard PCA transformation was applied to 
ASTER image in this study. This technique was applied 
on ASTER VNIR+SWIR bands due to suitability of these 
bands to extract geological units (Aali et al., 2022; 
Pournamdari et al., 2014). A total of nine new prin-
cipal components were created from the VNIR and 
SWIR bands of ASTER image. The first three PCs (PC1, 
PC2, and PC3) that contains 97.78 percent of total 
variance (in which the first principal component (PC1) 
accounts for 84.65%, PC2 accounts for 11.97% and 
PC3 accounts for 1.16% of the total variance) were 
used for geological mapping in this study.

Minimum noise fraction is a noise reduction process 
that usually uses to increase the signal-to-noise ratio 
in multispectral data. The algorithm of MNF consists 
of two consecutive rotations of PCA. The first rotation 
uses the noise covariance matrix to decorrelate and 
resize the noise in the satellite image. The second 
rotation uses the PCs which were derived from the 
outcome of the first rotation. The data space is divided 
into two parts. One part is associated with large eigen-
values and coherent eigen images and another part 
with near-unity eigenvalues and noise-dominated 
images (Green et al., 1988).

The BRs-PCs approach is based on principal compo-
nent analysis of band ratios. To perform this method, 

the selected band ratios that was found appropriate 
for geological mapping in present study, were cal-
culated from the ASTER image. Subsequently, the 
obtained band ratios were stacked into one compos-
ite file. The principal component analysis (PCA) tech-
nique was then applied to transform the achieved 
composite image into a new PCA space. Finally, the 
resulting principal components of the band rations 
(BRs-PC1, BRs-PC2, BRs-PC3 as RGB) were evaluated 
for geological mapping.

2.4 Reference map

A geological map scale 1:100000 was used as the 
reference to evaluate the effectiveness of the applied 
image processing techniques for discrimination of dif-
ferent geological units in the study area from ASTER 
imagery. This geological map is displayed in Figure 2.

3. RESULTS AND DISCUSSION

At first, an evaluation on false color composition 
(RGB: 468) of ASTER image was implemented. With 
reference to the geology map of the study area (Fig-
ure 2), our inspection indicated that some of the geo-
logical units such as Basalt, Tuff, Conglomerate, and 
Dolomite can be discriminated from the ASTER RGB: 
468 color composition, as shown in Figures 3.

Subsequently, the band ratio, decorrelation stretch, 
principal components analysis, and minimum noise 
fraction techniques were applied to find out their 
applicability in highlighting different geological units 
from ASTER imagery. Several band rations that have 
previously been verified for geological purposes were 
examined and consequently the ASTER band ratios 
(4/1, 4/5, 4/6) was found more suitable for detailed 
lithological mapping in the study area. As displayed in 
Figure 4, the ASTER band ratios (4/1, 4/5, 4/6) clearly 
discriminated Dolomite, Tuff, Sandstone, Conglomer-
ate, and specially Basalt from the ASTER data. Besides, 
the outcome of decorrelation stretch demonstrated 
greatly discrimination of Limestone, Basalt, Tuff, Con-
glomerate, and Dolomite from ASTER image (Figure 
5). This technique was able to highlight all the geolog-
ical units in the study area except for Sandstone.

PCA technique also was applied on ASTER image 
(figure 6). Based on statistical analysis and also per-
centage of data variation, the results showed that the 
first PC involved the highest variance with positive 
loadings at each band. PC1 can extract information 
about lithological and mineralogical rock units through 
visual interpretations. The last two PCs include small 
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variance with mostly noise. Therefore, the band com-
bination PC1PC2PC3 that contains about 97.78 per-
cent of total variance was selected. Our investigation 
revealed that the PCA technique is suitable to discrim-
inate Tuff, Limestone, Basalt, Sandstone, Dolomite, 
and Conglomerate. However, some Basalt units that 
were adjacent to Sandstone were not differentiated 
by this technique.

MNF technique was implemented to highlight lith-
ological units from ASTER imagery, as illustrated in 
Figure 7. The result show that MNF approach is suit-

able to highlight Basalt, Tuff, Dolomite, and some 
areas containing Conglomerate, while it is difficult 
to discriminate Sandstone and Limestone using this 
technique.

Finally, the BRs-PCs method was performed on 
ASTER imagery of the study area and the output 
image was evaluated to assess the applicability of 
this method to highlight geological units. In doing 
so, the PCA technique was applied on the selected 
band ratios in this study (4/1, 4/5, 4/6 as RGB), and 
the obtained PCs (BRs-PC1, BRs-PC2, BRs-PC3 as RGB) 

Figure 2. Geological map of Damghan city (covering the study area)
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Figure 3. False color composition (RGB: 468) of ASTER image

were analyzed. The result demonstrated the effec-
tiveness of BRs-PCs method for geological mapping. 
As displayed in Figure 8, this approach provided an 
enhanced output compared to methods PCA and BR 
alone, and clearly discriminated the available geologi-
cal units in the study area.

Overall, as presented in Table 2, the findings of this 
study indicate that discrimination of Conglomerate, 
Tuff, Dolomite, and Basalt units from ASTER image at 
the region of Alborz Mountain was easy, so that all the 
applied techniques were able to clearly extract these 
geological units. On the other hand, discrimination 
of Limestone and Sandstone was difficult and these 
geological units were not identified by some of the 
applied techniques. The ASTER band combination 468 

that is well known for geological mapping, was also 
not able to discriminate Limestone and Sandstone.

The specified band ratios could not extract Lime-
stone from ASTER image. In contrast, although PCA 
technique highlighted all the geological units in the 
study area, but some errors was appeared in extraction 
of Basalt using this technique. But BRs-PCs approach, 
because considered the advantages of both PCA and 
BR techniques, provided a superior output compared 
to PCA and BR methods alone, and also better result 
compared to other applied techniques in this study. 
The BRs-PCs approach successfully discriminated all 
the geological units from ASTER imagery.

The findings of this study were confirmed by the 
results of previous studies in different regions. In 
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Figure 4. Band ratios (4/1, 4/5, 4/6 as RGB)

Table 2. Suitability of the applied techniques for geological mapping (Y=Yes and N=No)

Conglomerate Limestone Sandstone Dolomite Basalt Tuff
RGB: 468 Y N N Y Y Y

BR Y N Y Y Y Y

DS Y Y N Y Y Y

PCA Y Y Y Y Y Y

MNF Y N N Y Y Y

BRs-PCs Y Y Y Y Y Y
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Figure 5. Decorrelation stretch output

the study of Aali et al. (2022), suitability of the PCA 
and BR techniques was demonstrated for detection 
of the geological units such as Sandstone, Dolomite, 
Conglomerate, Limestone and Marl in the Chakchak 
region, Yazd province, Iran. Pournamdari et al. (2014) 
also proved applicability of these techniques for litho-
logical mapping of Soghan ophiolitic complex in south 
of Iran. Aboelkhair and Watanabe (2011) sucsessgully 
performed the PCA and DS techniques for mapping 
Basalt flow in Madinah area, Saudi Arabia. Moreover, 
Sekandari et al. (2020) executed the PCA, MNF and 
BR techniques for the extraction of lithological units 
such as Dolomite, Limestone, Basalt, Sandstone, Con-
glomerate and Tuff in the central part of the Kashmar–
Kerman tectonic zone, the Central Iranian Terrane 

(CIT). Similarly, in the study of Othman and Gloaguen 
(2017), the applicability of PCA, BR and classification 
techniques was verified for mapping the geological 
units such as Conglomerate, Limestone, Tuff and red-
dish green Shales in the Bardi-Zard area in north-east 
Iraq, a part of the Zagros Fold – Thrust Belt. As shown 
in the above studies, the principal component analysis 
and band ratio were the most widely used techniques 
for geological mapping using satellite data.

4. CONCLUSION

In this study, the applicability of several image pro-
cessing techniques, including the band ratio (BR), 
decorrelation stretch (DS), principal components anal-
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Figure 6. Principal components analysis (PC1, PC2, PC3 as RGB)

ysis (PCA), minimum noise fraction (MNF), and the 
ASTER false color composition RGB: 468, was evalu-
ated for the extraction of geological units from ASTER 
satellite imagery in southern margin of Alborz Moun-
tain in Iran. In addition, a method based on Principal 
Components of Band Ratios (BRs-PCs) was proposed 
for the discrimination of geological units from ASTER 
imagery. The results indicated that the ASTER RGB:468 
and MNF technique were not able to clearly highlight 
Limestone and Basalt from ASTER image, while the DS 
technique successfully discriminated all the geologi-
cal units except for Sandstone. In addition, the results 
revealed that the specified band ratios could not 
extract Limestone from ASTER image. In contrast, PCA 
technique highlighted all the geological units in the 

study area, however a failure was appeared in discrim-
ination of Basalt using this technique. Nonetheless, 
the BRs-PCs approach, because considered the advan-
tages of both PCA and BR techniques, provided a supe-
rior output compared to these techniques alone, and 
successfully discriminated all the geological units from 
ASTER imagery. The study concluded that the BRs-PCs 
approach may be useful for geological mapping along 
the whole Alborz Mountain with similar lithological 
and geomorphological conditions.
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Figure 7. Minimum noise fraction result
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