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Keywords: resolution of the bands of this sensor has enabled geologists to use the Aster sensor well in studies of
?gﬁf];ﬂ;ﬁ? FAas‘:(';rZO”e* minerals that have outcrops and also highlight alterations. Useful studies have been conducted in the
Geochemistry, Alteration, field of mapping mineral areas with outcrops, which are difficult to access and perform routine geological

mapping operations in the desert field due to the presence of rugged mountains. In order to highlight
alterations using the SWIR bands of the Aster sensor and image processing methods, several studies have
been recorded. In this study, the remote sensing method was used for highlighting alterations for a wide
area between the Indus faults in the east of the study area and the Talkhab faults in the west of the study
area, and phase fusion was used, which made the size of the study area unique. In this study, two Aster
images and the band ratio method, principal component analysis, and spectral angle mapper were used
to determine alteration zones. The remote sensing studies conducted in the area resulted in the
identification and differentiation of various types of alterations, as well as faults and fractures, which
correspond with the geological map of the region. The two methods of band ratio and principal
component analysis demonstrate higher accuracy compared to other methods employed in this research.
Studies have shown that the Indes, Tafresh, and Talkhab faults, as the main structures of the region, play
a key role in controlling and distributing hydrothermal alterations. These faults have created alteration
zones along their length by creating pathways for the movement of hydrothermal fluids. In particular,
the Indus fault, as one of the main faults in the region, has a significant impact on the distribution of
alterations. By creating numerous fractures and joints, this fault has provided suitable conditions for the
infiltration of hydrothermal fluids and the formation of alteration minerals. The relationship between
faults and the ascent of hydrothermal fluids significantly affects mineral and geological alterations. Faults
can create facilitating pathways for the movement of hydrothermal fluids. In general, the interaction
between faults and hydrothermal fluidsleads to the formation of extensive alterations and the formation
of new mineral resources.

Introduction pyroclastic rocks, with older Triassic dolomites and

This research investigates the relationship between Jurassic-Cretaceous sediments. Previous studies lacked
fault lineaments and alteration zones in central Iran's sufficient high-quality satellite imagery for accurate
Indes-Telkhah fault system (between Saveh and Arak). alteration mapping. The study uses two ASTER satellite
This area, part of the Alpine-Himalayan orogenic belt, images and applies band ratio, principal component
shows diverse geology, mainly Eocene volcanic and analysis (PCA), and spectral angle mapper (SAM) to map
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alteration zones and identify associated minerals. This
builds on prior research using various remote sensing
techniques for mineral exploration, including the STA
algorithm (Case et al., 2016), multispectral ASTER and
SAR data (Petrovic et al., 2008), and ASTER-based false
color composites, band ratios, and least squares
regression (LS-Fit) (Esvand et al., 2012). The aim is to
correlate extracted lineaments, their density, and
alteration zones via remote sensing, improving porphyry
copper deposit exploration (as these are often associated
with hydrothermal alteration.

Materials and Methods

This part of the paper describes the use of remote
sensing, specifically ASTER imagery, for lineament
extraction, focusing on fault mapping. The authors
highlight the utility of remote sensing in geological
studies and mineral exploration. They emphasize Band 1
of ASTER imagery as optimal for lineament extraction
due to its superior optical quality and high variance,
confirmed by principal component analysis (PCA). A
directional filter is applied to enhance lineaments
oriented in various directions, specifically on the near-
infrared (VNIR) band, a technique shown in prior
research to improve lineament identification and
differentiation from adjacent features. The overall goal is
to leverage remote sensing techniques to effectively map
geological structures, including faults, using ASTER
data and image processing methods. All chemical and
mineralogical changes that occur in rocks under the
influence of magmatic and hydrothermal fluids are called
alteration.

Image processing methods Researchers have used
various image processing methods such as band ratio,
uncorrelated stretch, principal component analysis
(PCA), spectral angle mapper (SAM, supervised
classification method), etc. to determine different
lithologies, structures, alteration zones and highlight
mineral minerals in outcrop areas. We employed band
ratio, principal component analysis and spectral angle
mapper methods to determine alteration zones and
highlight different minerals (Attarzadeh et al., 2018).
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Results and Discussion

This study, using remote sensing methods and satellite
image processing, investigated the relationship between
the Indus, Tafresh, and Talkhab fault zones and
hydrothermal alterations in a region between Saveh and
Arak counties. The results obtained show that the studied
fault zones have played an important role in the creation
and distribution of hydrothermal alterations in the region.
These alterations along the main faults and fractures
create a vulnerable region that creates the influence of the
earth's structures for the development and spread of
alterations. In this study, various satellite image
processing methods including band ratio, principal
component analysis (PCA), and angular mapping (SAM)
were used to identify and distinguish alteration zones.
The results showed that both methods are more accurate
in detecting alteration zones than band and (selective)
principal component analysis, and their results are in
significant agreement with each other. These methods
highlight argillic, propylitic, and phyllic alteration zones
more accurately than the location mapping method. The
location mapping method identified locations with high
accuracy, but the alteration ranges were smaller and more

limited by these methods. The studies show that the

Indus, Tafresh, and Talkhab faults, as the main structures
of the region, play a key role in controlling and
distributing hydrothermal alterations. These faults have
created alteration zones along their length by creating
paths for the movement of hydrothermal fluids. In
particular, the Indus fault, as one of the main faults in the
region, has a significant impact on the distribution of
alterations. This fault, by creating numerous fractures
and seams, has provided suitable conditions for the
infiltration of hydrothermal fluids and the formation of
alteration minerals.

Conclusions

Remote sensing studies conducted in this area have
identified and distinguished the types of alterations.
Performing different methods revealed that the two
methods of highlighting the principal component
analysis and band ratio have completely identical results,
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but in the spectral angle area mapping method, the
obtained alteration zones, although they are in common
with other methods, only the parts where the processed
mineral has a stronger presence are highlighted as
alteration zones while band ratio and principal
component analysis (selective) have higher accuracy.
Remote sensing studies conducted in the area have
identified and distinguished the types of alterations as
well as faults and fractures, which are consistent with the
geological map of the region. Using GIS software, it was
determined that the linear arrangement on faults with a
northwest-southeast (NW-SE) trend, which are on
Eocene volcanics in terms of lithological units, indicates
that it is better to use the band ratio method and
(selective) principal component analysis to investigate
fault connections and alteration zones.
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Fig. 1. a) Location of the study area on the map of Iran's structural zones (adapted from Rajabi et al., 2015, based on Aghanabati,
2004). b) Location of the cities within the study area map (Davoodi, 2020).
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Fig. 2. Geological and lithological map of the region taken from the 1:250,000 map of Qom.
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Fig. 8. Rose diagram of fault strike of the study area, weighted by frequency (right) and weighted by length (left)
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Fig. 9. Spectral diagram of kaolinite and montmorillonite minerals of the argillic alteration zone. Spectral diagram of chlorite and
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Fig. 13. Statistical file of the selected principal component analysis method.
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alteration, green and yellow areas represent propylitic alteration, and blue to purple areas represent phyllic alteration.
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Fig. 20. Outcrop view of sulfide mineralization (mainly pyrite) (a) and malachite (b) along the region's faults in micro-diorite and
quartz monzonite with argillic altered rocks.
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Fig. 21. a) Outcrop view of chlorite alteration; b, ¢) Hand sample of quartz monzonite containing scattered pyrite accumulations; d)
hand sample of copper mineralization in the form of malachite in micro-diorite with argillic alteration.
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Fig. 22. a) The correspondence between the fault map of the region and the result of the alteration highlighting using the spectral

angle method. (b) The correspondence between the fault map of the region and the result of the alteration highlighting using the band
ratio method.
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