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Abstract. In the present study, the suitability of principal components analysis (PCA) based techniques was
evaluated for identification of geological units from Landsat-9 satellite imagery. In this respect, a scene of
Landsat-9 operational land imager 2 (OLI-2) data of the year 2023 was acquired and a geological map scale
1:100000 of the study area was used as the reference. The results indicated suitability of the PCA based
techniques for discrimination of geological units from Landsat-9 image, especially the PCA of decorrela-
tion stretch (DS) approach. The PCA-DS approach, which considered the advantages of both PCA and DS
techniques, successfully identified all the geological units in the study area, including the Basalt, Sandstone,
Dolomite, and Conglomerate. However, the performance of the PCA and DS techniques was also reasonable
for this purpose. On the other hand, the study revealed weak performance of the minimum noise fraction
(MNF) and PCA-MNF techniques for geological mapping using Landsat-9 imagery. In conclusion, the study
demonstrated the advantage of the PCA-DS approach for geological mapping using Landsat-9 imagery;
therefore, it may be useful in futures studies for geological mapping along the whole Alborz Mountain with

similar lithological and geomorphological conditions.
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1. Introduction

Geologic mapping is a scientific process that is able to
produce a variety of maps for different applications, in-
cluding evaluating quality of ground waters and contami-
nation risks; land-use planning and land management;
forecasting volcano, earthquake, and landslide hazards;
describing energy and mineral resources as well as their
extraction costs; general education; and waste repository
locating (Compton, 1985; Soller, 2002). It is defined as the
process of physically going to the field observation and
recording the geological information from the rocks that
outcrop at the earth surface. The information that usu-
ally the geologists looks for are including: the boundaries
between different structures and rock types, for example
fault-lines and evidence of the rocks undergoing deforma-
tion (Davis et al.,, 2011).

A powerful tool to improve the process of geologi-
cal mapping is remote sensing (Varnes, 1974; Bernknopf,
1993; Pour & Hashim, 2015; Yang et al., 2018). Remote
sensing technology is useful for the explorations of miner-
als and geothermal energy, geological investigations, and
assessment for environmental geology and geotechnical

engineering. It is also an essential tool for understanding
the significant natural hazards pertinent to geology such
as earthquakes, avalanches, floods, river channel migra-
tion and avulsion, landslides and debris flows, liquefaction,
subsidence, sinkholes, tsunamis, and volcanoes (Bhan &
Krishnanunni, 1983). Several image processing techniques
have been presented in recent decades for purpose of
geological mapping using remote sensing technology,
such as band ratio (Inzana et al., 2003), correlation coef-
ficient (Kihn et al., 2009), principal component analysis
(PCA) (Loughlin, 1991), minimum noise fraction (MNF) (Fal
et al., 2019), decorrelation stretch (DS) (Kenea, 1997), and
log residual (Hook et al., 1992) etc.

In this study, the applicability of PCA-based image
processing techniques including the PCA, PCA-DS, and
PCA-MNF was evaluated for identification of geological
units in the study area from Landsat-9 Operational Land
Imager 2 (OLI-2) data. The suitability of Landsat image for
geological applications is mainly due to the spectral band
characteristics of this image, consequently, possibility to
perform different image processing techniques for map-
ping geological units. It was demonstrated in many studies
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during the recent decades (Pournamdari et al., 2014; Ab-
delouhed et al., 2022).

2. Material and methods

2.1. Study area and dataset

The test site is located in north eastern Iran in the Semnan
province. The region is surrounded by the mountains and
foothills of the North Alborz Mountains that is belonging to
the Alp-Himalaya orogenic belt. The active morph dynamics
in this region are mainly driven by Aeolian and fluvial activi-
ties; the one named last concentrate on the winter half year
(Ullmann et al., 2016). This region is covered by concrete
layers such as Cretaceous formations, as well as sandstone
and Paleogene-related conglomerates. In this area, the un-
confined aquifer and bedrock consist of Neogene alluvium,
such as marl and conglomerate, and the well logs set out
the type of sediment (Arabameri et al., 2019). Location of
the study area is displayed in Figure 1.
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Figure 1. Location of the study area
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To carry out discrimination of the geological units in the
study area using image processing techniques, one scene of
Landsat-9 Operational Land Imager 2 (OLI-2) Collection 2
Level-2 Science Products (L2SP) data acquired in July 2023
was obtained from the US Geological Survey (USGS) Global
Visualization Viewer. The L2SP include surface reflectance
and surface temperature scene-based products. The ac-
quired Landsat image was pre-georeferenced to north-up
UTM projection using WGS-84 datum. Table 1 present the
specifications of Landsat data used in this study.

Table 1. Specifications of the Landsat-9 image used in this study
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2.2. Geological mapping techniques

The effectiveness of several image processing techniques
including the PCA, PCA-DS, and PCA-MNF was evaluated
for discrimination of geological units in the study area from
Landsat-9 satellite image. A standard principal components
analysis (PCA) transformation was applied to Landsat-9
image of the study area. This technique was applied on
Landsat visible, near infrared and shortwave infrared bands
because of their suitability to extract geological units (Rokni
et al,, 2011; Pournamdari et al., 2014). A total of seven new
image components were created from the Landsat-9 spec-
tral bands. After analysing the eigenvalues we noticed that
the first three PCs (PC1, PC2, and PC3) contained total vari-
ances, therefore PC1PC2PC3 band combination was used
for geological mapping in this study.

In addition, principal components analysis of decor-
relation stretch (PCA-DS) was performed for geological
mapping. DS is useful to remove high correlation that
commonly found in multispectral images and is also ap-
propriate to generate a more colourful composite image
for purpose the visualization for improving image interpre-
tation (Gillespie et al., 1998). DS technique was widely used
for ophiolite mapping in previous studies (Kenea, 1997;
Khan et al., 2007; Seleem et al., 2020). In this study, the
PCA technique was applied to transform the achieved DS
image into a new PCA space. The resulting PCA-DS image
was evaluated for geological mapping.

Furthermore, principal components analysis of minimum
noise fraction (PCA-MNF) was implemented. MNF is a noise
reduction process that is useful to increase the signal-to-
noise ratio in multispectral satellite images. 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. Therefore the noise has
a unit variance and no band-to-band correlation. The second
rotation uses the PCs which were derived from the result of
the first rotation. The data space is divided into two parts.
One part is associated with large eigenvalues and coherent
Eigen images and another part with near-unity eigenvalues
and noise-dominated images (Green et al., 1988).

2.3. Reference map

A geological map scale 1:100000 was used as the reference
to evaluate applicability of the applied image processing
techniques for discrimination of different geological units

Satellite Sensor Year Resolution (m) Description

30 Band 1 Visible Coastal Aerosol (0.43-0.45 um)
30 Band 2 Visible Blue (0.450-0.51 um)
30 Band 3 Visible Green (0.53-0.59 pm)
30 Band 4 Red (0.64-0.67 um)

Landsat-9 OLI-2 2023 30 Band 5 Near-Infrared (0.85-0.88 um)
30 Band 6 SWIR 1(1.57-1.65 um)
30 Band 7 SWIR 2 (2.11-2.29 uym)
15 Band 8 Panchromatic (PAN) (0.50-0.68 um)
30 Band 9 Cirrus (1.36-1.38 um)
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in the study area from ASTER imagery. This geological map
is displayed in Figure 2.

3. Results and discussion

Initially, the DS and MNF techniques were performed to
visually identify geological units in the study area from
Landsat-9 image. With reference to the geology map of

DAMGHAN

the study area (Figure 2), our inspection indicated that
some of the geological units in the study region including
the Basalt, Sandstone, Conglomerate, and Dolomite can be
discriminated using the DS and MNF techniques. However,
as shown in Figure 3, the DS technique well highlighted
the geological units from the Landsat-9 image, but MNF
could not provide reasonable result for this purpose, espe-
cially in identifying Sandstone and Basalt (Figure 4).
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Figure 2. Geological map of the study area
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Figure 3. Decorrelation stretch image obtained from Landsat-9 image



Subsequently, the PCA, PCA-DS, and PCA-MNF tech-
niques were implemented to find out their applicability in
highlighting different geological units from the Landsat-9
imagery of the study area. After applying the PCA tech-
nique on Landsat-9 image, the first three PCs (containing
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total variances) were selected and evaluated for geologi-
cal mapping. The result indicated that the PC1, PC2, and
PC3 band combination was appropriate to identify Basalt,
Sandstone, Conglomerate, and Dolomite from Landsat-9
image of the study area (Figure 5). However, discrimination
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Figure 4. Minimum noise fraction image obtained from Landsat-9 image
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Figure 5. Principal component analysis image obtained from Landsat-9 image
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between Basalt and Sandstone was difficult in the outcome
PCA image.

Furthermore, as shown in Figure 6, the results re-
vealed that applying the PCA on MNF technique, could
not improve the MNF to highlight geological units from

Landsat-9 image of the study area. Therefore, both MNF
and PCA-MNF techniques were not suitable for geological
mapping in this study. Finally, the outcome of PCA-DS was
investigated (Figure 7). This approach incorporated the
advantages of both PCA and DS techniques. The results
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Figure 7. Principal component analysis of decorrelation stretch
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indicated that the PCA-DS approach greatly discriminated
Sandstone from the Basalt, where Dolomite and Conglom-
erate units are also observable in the image. Therefore, we
recommend this approach for visualizing geological units
using Landsat-9 imagery.

Overall, as presented in Table 2, the findings of this
study indicated that the identification of Dolomite and
Basalt from the Landsat-9 image at the region of Alborz
Mountain was easier, so that all the applied techniques
were able to partially or totally extract them. The DS, PCA,
and PCA-DS approaches highlighted all the geological
units in the study area, however, the PCA-DS approach
which considered the advantages of both PCA and DS
techniques provided a superior output for geological map-
ping. In contrast, the MNF and PCA-MNF techniques were
not successful for this purpose.

Table 2. Performance of the applied techniques in
discrimination of geological units

Techniques | Conglomerate | Sandstone | Dolomite | Basalt
DS v v v v
MNF x X v v
PCA v v v v
PCA-MNF v X v v
PCA-DS v v v v

4. Conclusions

In this study, the suitability of minimum noise fraction
(MNF), decorrelation stretch (DS), principal components
analysis (PCA), PCA-DS, and PCA-MNF techniques was
evaluated for identifying geological units from Landsat-9
satellite imagery in southern margin of Alborz Mountain in
Iran. The results indicated great performance of the PCA-
DS approach, which considered the advantages of both
PCA and DS techniques, for geological mapping. In addi-
tion, the results revealed that the applicability of PCA and
DS techniques was also reasonable in discrimination of
geological units from Landsat-9 imagery of the study area.
On the other hand, the MNF and PCA-MNF techniques
were not successful for this purpose. The study concluded
that the PCA, DS, and PCA-DS approaches may be useful
in futures studies for geological mapping along the whole
Alborz Mountain with similar lithological and geomorpho-
logical conditions.
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