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ABSTRACT

In this research, ASTER satellite images and the combined algorithm of band ratios with the method of
logical operators with the determination of the threshold limit based on ground, laboratory and
experimental studies have been used in order to highlight hydrothermal alterations. Image transformation
techniques such as specialized band ratio and principal component analysis are used to map lithologic
units and alteration minerals. Supervised classification technique, i.e. Spectral Angle Mapper (SAM) is
applied to detect subtle differences between index alteration minerals associated with actual copper
localities in the region. The results show that the integration of image transformation techniques and
supervised classification of ASTER data with field studies and geochemical exploration is highly
effective in targeting new copper mineralization prospects. Copper mineralization is found in siliceous
veins that strike from north-south to northeast-southwest across the region. Remote sensing evidence
supports the presence of propylitic and argillic alteration, which can be useful for searching for copper-
gold type deposits. Kaolinite and pyrophyllite play a role in identifying arzilic alteration zones, and
muscoite, epidote and chlorite minerals are very important in identifying pyropilitic and phyllic areas
and in mineral exploration. Based on remote sensing processing, according to the detection of various
alterations (phyllic, pyrophyllite and argillic) in this area, possible copper mineralization was detected
in the central part of the studied area. The approach used in this research provides a quick and cost-
effective means of initiating comprehensive geological and geochemical exploration programs in the
study area and elsewhere in similar areas.

doi: 10.5829/ije.2023.36.04a.11

1. INTRODUCTION

mineral horizons and simpler recognition of such zones
in the desert because of color and other physical

Today, remote sensing is critical in geological projects
because it can offer important information on structural
examinations such as alteration zone identification, line
extraction, geomorphological phenomena, and so on. The
use of remote sensing to detect alteration zones for the
purpose of mineral exploration goes back to the 1970s
[1]. The study of wallrock alteration may give significant
information on the mineralization type, characteristics of
mineralizing solutions, physicochemical conditions of
minerals, and mineralization depth since the same rock-
type ores cause the wallrock alteration. Another benefit
of researching alteration mineral zones is that they are
frequently utilized as a useful guide for mineral
exploration owing to their greater extension compared to
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characteristics.

The most common uses of satellite remote sensing
data for regional-scale mineral survey projects in the past
decade have been mineral discovery via hydrothermal
alteration and mapping of structural geology [1-16]. The
phyllic alteration region is typically defined by pyrite-
quartz-sericite rocks with a high OH-Al absorbance peak
at 2.20 um, which corresponds to Advanced Spaceborne
Thermal Emission and Reflection Radiometer band 6 [3].
Supergene processes often influence the argillic
alteration region. Plagioclase is chemically changed to
different clay minerals (such as montmorillonite,
kaolinite, and illite), which collectively exhibit an OH-Al
absorbance peak at 2.17 pm, which corresponds to

Please cite this article as: M. Hosseini Nasab, A. Agah, Mapping Hydrothermal Alteration Zones Associated with Copper Mineralization using
ASTER Data: A Case Study from the Mirjaveh Area, Southeast Iran, International Journal of Engineering, Transactions A: Basics, Vol. 36, No.

04, (2023), 720-732



mailto:hosseininasab@eng.usb.ac.ir

M. Hosseini Nasab and A. Agah / IJE TRANSACTIONS A: Basics Vol. 36 No. 04, (April 2023) 720-732 721

Advanced Spaceborne Thermal Emission and Reflection
Radiometer band 5. The mineralogy of magnetite, pyrite,
sericite, chlorite, carbonates and epidote in the propylitic
alteration region is varied, with Fe-OH, Mg absorbance
peaks in the 2.35 pum, which corresponds to Advanced
Spaceborne  Thermal Emission and Reflection
Radiometer band 8 [17].

Multispectral remote sensing sensors including the
Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER), Landsat Multispectral Scanner
(MSS), Landsat Thematic Mapper/Enhanced Thematic
Mapper+ (TM/ETM+), HyMap, the Airborne
Visible/Infrared Image Spectrometer (AVIRIS), and
Hyperion hyperspectral have been successfully and
extensively used for mapping alteration mineral
assemblies and fractures/faults related to exploring
copper deposits, which is a critical component in the
discovery of copper resources [1, 18-23].

Since the 1970s, remote sensing data has been an
indispensable tool for determining changes. The Landsat
series of satellite sensors, including TM, ASTER, and
ETM, provide vast and ongoing data for the investigation
of a range of ores. The governing concept is that different
minerals have different VNIR and SWIR spectrum
properties. Crosta and Moore were the first to utilize TM
data to derive modification information in the 1980s.
Researchers utilized TM pictures to extract mineral
alteration information using the band ratio technique and
Principal Components Analysis (PCA) toward the end of the
twentieth century [24]. Many researchers expanded
innovative methods to extract alteration and
mineralization information in the early twenty-first
century, which resulted in effective prospecting findings
[9, 25-35]. Crosta et al. [36] were the first to utilize PCA
and ASTER data to extract alteration data in Patagonia,
Argentina. Other researchers later used ASTER data to
achieve important achievements in a variety of fields [37-
45].

A comprehensive remote sensing research for copper
exploration in the Mirjaveh area, which is situated in the
Nehbandan-Khash zone (in Iran's southeast), has not yet
been reported. Based on this, the goals of this research
are: (1) to indicate the hydrothermal alteration map of
minerals and geological structural features such as faults
and fractures related to copper mineralization in
Mirjaveh region using ASTER satellite data. (2) to
prospect of areas with high potential of copper
mineralization using the integration of robust image
processing techniques into ASTER spectral and thermal
bands. and (3) to develop a cost-effective exploration
approach to explore for copper mineralization in the
region and other remote areas around the world.

2. GEOLOGIC SETTINGS

The investigated region is found on the geological maps

of Zahedan (1: 250,000) and Mirjaveh (1: 100000), as
well as in Iran's Nehbandan-Khash zone (Figure 1).

The western boundary of the Nehbandan-Khash zone
is the Nehbandan fault, while the southern edge with the
Makran is the Bashagard fault region. The eastern edge
of the Nehbandan-Khash zone is west of Afghanistan and
Pakistan, and the western border is the Nehbandan fault.
This zone is also known as the colored melange zone
because of the presence of melange ophiolites in eastern
Iran [46]. The Nehbandan-Khash flysch basin, according
to recent research [47, 48], is the weld zone between the
Afghanistan and Lut block, or the Sistan weld region. The
zone is divided by a sedimentary environment (Sefidabeh
basin) into two assemblages of ophiolitic melange (Retuk
assemblages in the west, but not in the east). The region
includes basal volcanic, metamorphic (schistose
structure) strata, and intrusive masses, the newest of
which is Quaternary alluvial deposits, according to
stratigraphic investigations on the map of Mirjavah (scale
1:500,000) (Figure 2). Due to the temporal range of rock
sequences, this region is geologically young, and its
Quaternary deposits are made up of a variety of rock
sequences. In the research region, the most well-known
rock sequences are:

A) The fault system limits, severely breaks, and deforms
tectonic mixes (colored melanges) composed of basaltic
to ultrabasic rocks with blocks of serpentine ultrabasic,
which frequently protrude in the form of a narrow strip in
the region.

B) Intrusive mass

C) Metamorphic rocks

D) Alluvial sediments

F) Terrigenous sedimentary rocks

2. 1. Geology of Deposit Area The zone is located
in the Nehbandan-Khash region, and it contains a tiny
portion of the Mirjaveh (scale 1: 100000). Sandstone,
siltstone, mudstone, and volcanic sandstone, as well as
lime, tuff, and alluvial deposits, make up the majority of
the exploration area.

Copper mineralization may be seen in the region in
the shape of siliceous veins. The main trend of copper
mineralized siliceous veins is north-south to northeast-
southwest. Most shale strata and tectonized sandstone, as
well as volcanic rocks (p%), have been cut by these
siliceous veins. Mineralization effects are visible in the
shape of space-filling in the rock fractures and joints, and
the rock orientation is shear. In addition, iron oxides and
hydroxides act as cement in the formation of rock.

Mineralizing streaks are often controlled by
northeast-southwest faults. With modest halos of argillic
and sericite changes, the argillic and siliceous alterations
are the most common. Iron hydroxides and potentially
copper ores, have formed in the oxidant fraction as a
result of secondary reactions.

Faults of various lengths and orientations may be
found in this region. Faults having a northeast-southwest
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Figure 1. Image of Iran from a digital elevation model (DEM), showing the research area's location
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Figure 2. The studied area on a geological 1: 500000 map of Mirjaveh

extension, on the other hand, are more common and
primarily regulate mineralization processes.

According to the Mirjaveh map (scale 1: 500000), the
research area's outcrop units, from old to new, are as
follows:

- Paleocene units:

(P¥2): Tuff, lapilli tuff, mudstone, and sandstone are all
found in this unit. The unit's main trend is northwest-
southeast, and it has a wide dispersion throughout the
area.

(P*4): This Paleocene unit contains a wide range of rock
types, including mudstone, siltstone, green shale, and
lime. This unit's main trend is northwest-southeast.

- Eocene units:

(Es?): This Eocene unit contains siltstone, mudstone, and
grain-size sandstones with a little olive to grey, purple, or

blue thin-layer lime. The dynamo-thermal technique was
used to change this unit. As a result, all of the stones have
been somewhat changed. In fine-grained sediments,
phyllic and slate tissues associated with sericite growth
are common. Sandstones are typically granular, and they
may crystallize into schist or coarse quartzite. This unit's
main trend is northwest-southeast.

- The Oligocene unit:
(EOQ®): This Oligocene unit, which comprises
conglomerate and sandstone, has a limited distribution
throughout the region. This unit's main trend is
northwest-southeast.

- Quaternary units:
(Q™): This category includes older alluvial fans with
vegetation and numerous terraces ().
Alluvial sediments of the present era (Q¥):
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The Qal mark on the map distinguishes the alluvial
sediment samples of the current period that develop
around seasonal rivers from other alluvial deposits. These
newly formed and deposited sediments are still being
produced and deposited.

3. METHODOLOGY

ASTER satellite images are processed for remote sensing
interpretation. The following methods demonstrated the
ability of ASTER images to provide data for the detection
of hydrothermal alteration useful for mineral exploration.
In addition, the techniques used in the study area are
useful for identifying mineralization zones with high
potential. Using logic operator mapping algorithms,
PCA and SAM methods, Landsat ASTER image data of
the study area were processed to map hydrothermal
alteration zones.

3. 1.Remote Sensing Data Characteristics and Per-
processing In 1999, the ASTER sensor was
launched as part of the TERRA satellite. This sensor
offers 14 distinct bands of spectral data for ground
resources. There are three bands in the near-infrared and
visible spectra (52%-86%), with a spatial resolution of 15
m and three-dimensional vision provided by the
BACKWARD and NADIR components. In addition,
there are six bands in the shortwave infrared spectra (1.6-
2.43) with a spatial resolution of 30 m. Moreover, there
are five bands in the thermal infrared spectra (5.125-
11.650), with a spatial resolution of 90 m (Table 1).

The data from ASTER level 1T has been
geometrically and radiometrically adjusted. The pixel
amounts of the ASTER L1T are the sensor’s radiance
value. The atmospheric correction module was used to
extract surface leaving radiance data and remove the
effects of air scattering and absorption. In the present
study, the SWIR and VNIR bands of the ASTER were
additionally corrected using the Fast Line-of-Sight
Atmospheric  Analysis of Spectral Hypercubes
(FLAASH) algorithm. The ASTER 30-m resolution
SWIR bands were resampled to match the 15-m
resolution VNIR bands in order to apply the image
processing techniques. To retain the original pixel
amounts in the resampled pictures, the nearest neighbor
resampling technique was used.

3. 2. Image Processing Methods In the present
study, various image processing techniques, such as band
ratio, false-color combination, and principal component
analysis, were utilized to detect changed areas. The
features of each method, as well as the outcomes, are
given in the following sections.

3. 2. 1. False Color Combination Method The
false-color combination was utilized to visually
understand the changed regions using satellite data. Due
to adsorption, the minerals kaolinite, halloysite,
muscovite, dickite, and pyrophyllite (index of phyllic and
argillic alteration zones) exhibit a high reflection in
SWIR band 4 and a low reflection in band 6 according to
standard curves (Figure 3). Furthermore, the minerals
chlorite, calcite, and epidote (propylitic zone index) are

TABLE 1. ASTER sensor specifications

Spectrometer Band Wavelength (um) Radiometric resolution (bits) Spatial resolution (m)
1 0.520-0.600 8 15
2 0.630-0.690 8 15
VNIR
N3 0.780-0.860 8 15
B3 0.780-0.860 8 15
4 1.600-1.700 8 30
5 2.145-2.185 8 30
6 2.185-2.225 8 30
SWIR
7 2.235-2.285 8 30
8 2.295-2.365 8 30
9 2.360-2.430 8 30
10 8.125-8.475 12 90
11 8.475-8.825 12 90
TIR 12 8.925-9.275 12 90
13 10.25-10.95 12 90
14 10.95-11.65 12 90




724 M. Hosseini Nasab and A. Agah / IJE TRANSACTIONS A: Basics Vol. 36 No. 04, (April 2023) 720-732

reflected the least in band 8 and the most in bands 5 and
4 (Figure 4).

Bands 8, 6, and 4 of ASTER are shown in Figure 5
as a red-green-blue composite. The separation of the
various spectral changes and lithological units in the
research region is visualized and enhanced using this
false-color composite. The chosen bands are the most
effective for creating a color composite because they
correspond to the absorption characteristics of the
argillic, propylitic, and phyllic zones. Figure 5 depicts the
majority of lithological units with spectral characteristics
linked to Mg-Fe-OH and Al-OH minerals. Because of the
high reflection in band 4 and strong absorbance
characteristics in band 6, argillic and phyllic alteration
zones with significant AI-OH absorbance features
(halloysite, muscovite, kaolinite, dickite, and
pyrophyllite minerals) show as a pinkish shade. In band
8, propylitic alteration zones (chlorite, epidote, and
calcite minerals) are shown in green tone owing to Fe-
OH-Mg absorbance characteristics (chlorite, epidote,
calcite minerals). Bold pink pixels may be seen in certain
regions of this type, which are associated with places
with extensive argillic alteration (alunite).
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Figure 5. The false-color combination of 468 ASTAR
sensors (argillic alteration in pink and propylitic alteration
in green) is visible

3. 2. 2. Logical Operator Mapping Algorithms
For each pixel, the logic operator’s algorithm is specified
based on a combination of different band ratios. In this
study, for the study range of a series of band ratios to
define the algorithm associated with silica-rich
hydrothermal zones (hydro silica, chalcedony and opal),
Propylitic alteration in relation to carbonate and chlorite-
epidote minerals separately, argillic alteration in the
presence of alunite-kaolinite minerals and phyllite
alteration with sericite-muscovite index minerals have
been used algorithms according to Table 2. Finally, the
logic operators used for these purposes each provide a
definite value of true (value one for the desired pixel) or
false (value of zero for the desired pixel) for each pixel
of the image. For each algorithm for the target, an image
is generated with pixel value values of one and zero,
which specifies pixels with a value equal to a target area.
Each of these band ratios in the defined algorithm has a
specific threshold value. This value is calculated based
on statistical methods from relative images using
Equation (1) and is used as a suitable coefficient in
combining different band ratios in Table 2. It is worth
noting that in certain cases this value has been changed
due to experience and knowledge of the study area.

Threshold=p+2c 1)

In this regard, p is the mean and o are the standard
deviations.

For all operators defined in the algorithms, a band
ratio of 3 to 2 is used to mask the vegetation. In order to
map areas with high silica, the band ratio of 4 to 7 in the
SWIR range shows areas with high alteration. For silica
minerals, regions with the presence of alteration have less
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TABLE 2. Logical operator algorithms used to map altered rocks in area study

Alteration type Algorithm
Phyllic (float(b3)/(b2) le 1.22) and (float(b4)/(b6) gt 1.22) and (float(h5)/(b6) gt 1.15) and (float(b7)/ (b6) ge 1.02)
Argillic (float(b3)/(b2) le 1.22) and (float(b4)/(b6) gt 1.22) and (float(h5)/(b6) le 1.15) and (float(h7)/(b6) ge 1.02)

Propylitic (Calcite-Dolomite)

Propylitic (Epidote-chlorite)

Silica-rich hydrothermal
alteration

(float(b3)/(b2) le 1.22) and (float(b6)(/b8) gt 0.83) and (float(b13)/(b14) gt 0.94) and (b5 gt b6) and (b7 gt b8)

and (b9 gt b8)

(float(b3)/(b2) le 1.22) and (float(b6)/(h8) gt 0.83) and (float(b13)/(b14) le 0.94) and (float(b5)/float(b4+b6)) and
(b5 gt b6) and (b6 gt b7)and (b7 gt b8) and (b9 gt b8)

(float(b3)/(b2) le 1.22) and (float(b4)/(b7) gt 1.24) and float(b13)/(b12) gt 1.34) and (float(b12)/ (b11) ge 1.13)

reflection at wavelengths between 2 and 2.4 pum than
regions without alteration. The reason for this is the
property of adsorption of water molecules in the range of
2.26 to 2.4 micrometers. The bandwidth ratio of the TIR
range of ester images to highlight high silica areas using
a 13 to 12 bandwidth ratio with absorption at a
wavelength of 9.619 um, so high silica areas are
characterized by non-alteration areas by reflecting each
pixel in the SWIR area. To identify rocks containing
silica-rich hydrothermal alterations, an image with a
value of one pixel for target points and zero for other
points in the algorithm was prepared. Figure 6 shows the
silica-rich hydrothermal zones.

Mapping of propylitic hydrothermal alteration has
been characterized using band ratios defined in the SWIR
and TIR spectral ranges. The spectral adsorption index of
calcite at 11.2 um and chlorite-epidote with adsorption at
10.2 pm were used to isolate propylitic alteration
associated with carbonate and epidote-chlorite minerals
(Figure 7). Emission of calcite in the upper 13 band and

[

Figure 6. Maps of Silica-rich hydrothermal alteration using  Figure 7. Maps of propylitic rocks (epidote-cholerite) using

logical operator algorithms include

is less in band 14, while it is the opposite for epidote and
chlorite (Figure 8). In the logical operator defined for the
separation of propylitic alteration with two classes of
calcite and epidote-chlorite minerals from the band ratio
of 6 to 8 in the SWIR range to highlight the adsorption of
both groups at a wavelength of 2.31 to 2.33 pum and to
separate the two froms. The band ratio of 13 to 14 in the
TIR range of the ester image has been revealed by
selecting the threshold of 0.94, two groups of indicators
of this alteration.

Detection of argillic and phyllite alterations in the
SWIR range of ester images has been used to map the
OH-AI adsorption spectrum with a band ratio of 4to 5 at
2.165 um and a band ratio of 4 to 6 at 2.2 um,
respectively. A band ratio of 5 to 6 has been used to
distinguish between the two alterations. The 7 to 6 band
ratio is used to display pixels with a wavelength of 2.2
um for argillic and phyllite alteration. Figures 9 and 10
show the manifestations of these alterations in the study
area.

[rer————

logical operator algorithms include
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Figure 10. Maps of argillic rocks using logical operator algorithms include

3. 2. 3. Principal Component Analysis Method
By selecting multiple sets of principle components and
decreasing dimensions, principal component analysis in
ENVI5.3 is a commonly used technique for isolating
noise and extracting mineral information. Different
minerals that have experienced the same modification
have undergone comparable geologic occurrences and
have chemical compositions that are similar. In this
research, PCA was used to map the particular changes of
interest utilizing the ASTER VNIR+SWIR bands. For
identifying zones of hydrothermal alteration associated
with Cu mineralization, the absorbance characteristics of
indicator minerals were examined. A PC picture may
improve a mineral or mineral group by including
eigenvector loadings that contain unique contributions
(sign and magnitude) for absorbance and reflective bands
of alteration minerals or mineral groups. The picture tone
for the improved target mineral will be bright if the

algorithms include

loading in the reflective band of the mineral is positive
and dark if it is negative [49].

In this research, principal component analysis was
initially conducted on ASTER bands 1-9. Based on the
phyllic modification index minerals' reflection in band 7
and their absorbance in band 6 in principal component
analysis, PC5 reveals the most important difference in the
eigenvector of these two bands. Thus, this PC was
identified to be the most suited PC for the recognition of
phyllic alteration and epithermal Cu mineralization.
Figure 11 depicts the final picture. In principal
component analysis, PC4 was selected as the most
appropriate PC to show this alteration based on the
reflection of index minerals of argillic alteration
(kaolinite) in band 5 and their absorbance in band 6.
Figure 12 depicts the picture produced from this study.
PC9 was selected as the most appropriate to exhibit this
alteration picture produced from this study based on the
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reflection of index minerals of propylitic alteration
(epidote, chlorite) in band 9 and their absorbance in band
8. The white pixels in this picture indicate propylitic
modification (Figure 13). Figure 14 depicts a color
picture of PCs obtained for various modifications.

Based on the eigenvector matrix of the ASTER bands
obtained from the PCA, the PC4, PC9, and PC5 pictures
may include spectral information linked to argillic,
propylitic, and phyllic alteration zones (Table 3). From
the SWIR and VNIR spectral regions of ASTER, the

Figure 11. PC5 image of the main components (bright pixels
shows phyllic alteration)

e e aron

ap Seale 1100200

Figure 13. PC9 image of the main components (bright pixels
shows propylitic alteration)

eigenvector loadings provide suggestive information
about the spectral properties of alteration minerals. As a
result, a PC with strong eigenvector loadings for
suggestive bands of an alteration mineral or mineral
group with opposing signs accentuates that mineral or
mineral group as bright or dark pixels in the PC picture.
Positive loading in a reflecting band accentuates the
alteration mineral by depicting it as bright pixels, while
negative loading in a reflective band shows it as dark
pixels [49].

108

Map Scalc L1000

Figure 12. PC4 image of the main components (bright pixels
shows argillic alteration)

Err
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Figure 14. Image of RGB (PC4, PC9, PC5). The red and pink
pixels show argillic alteration; the blue part specifies the
phyllic alteration. The green pixels show propylitic alteration
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TABLE 3. Eigenvector matrix of Principal Components Analysis (PCA) on VNIR and SWIR bands of ASTER data

Eigenvector Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8 Band 9
PCA1 -0.256 -0.286 -0.291 -0.325 -0.273 -0.275 -0.273 -0.260 -0.320
PCA2 0.159 0.172 0.178 0.186 0.162 0.153 0.151 0.149 0.217
PCA3 0.472 0.510 0.434 -0.195 -0.293 -0.261 -0.217 -0.170 -0.238
PCA4 -0.050 -0.008 0.050 0.134 0.101 -0.013 -0.137 -0.094 0.092
PCAS5 -0.509 0.029 0.360 0.218 -0.431 -0.438 0.118 0.366 0.172
PCA6 -0.085 0.052 0.004 0.745 0.138 -0.072 -0.038 -0.187 -0.593
PCA7 0.410 0.019 -0.533 0.222 -0.211 -0.379 0.070 0.162 0.221
PCAS8 -0.254 -0.017 0.310 -0.129 0.184 0.087 -0.179 -0.189 0.125
PCA9 -0.039 0.046 -0.043 0.300 -0.012 -0.097 -0.518 -0.440 0.564

3. 2. 4. Spectral Angle Mapper Algorithm (SAM)
The SAM classification method that enables rapid
mapping measures the spectral resemblance between the
picture spectrums to reflectance spectra reported in the
literature [50]. There are three ways to obtain the
reference spectra: 1. Taking it from a laboratory, 2. Field
measurements, 3. Direct extraction from an image. SAM
calculates the spectral semblance by measuring the two
spectra’s angles, as if they are vectors in n-dimensional
space [17]. Small angles forming in-between the two
spectra indicate high similitude. Moreover, high angles
are indications of dissimilarity. Solar illumination
elements do not affect this methodology due to the
independency of the angle the two vectors make of their
lengths. It takes the arccosine of the dot product between
the test spectrums "t" to a reference spectrum "r" with
Equation (2) [51]:

ey
1 (Z?zbltiZ)l/z(Z?:blriz)l/z (2)
where nb is the number of bands, t is test spectrum, r; is
reference spectrum.

The SAM method was proposed by Bordman to
measure the spectral similarity between the reference
spectrum and the spectrum corresponding to each pixel
[19]. In the present study, in the SAM method, the
spectrum of each pixel of the ester image is compared
with specific dimensions called member-end, which is
the maximum absorption in the desired mineral. A
variety of minerals from the USGS Spectral Library were
used to access the member-end.

The spectral properties of the altered minerals in the
SWIR bands of the ester images make it possible to
determine the hydrothermal alteration zones using the
minerals that are specific to that type of alteration.
Muscovite, Illite and Cerussite minerals as the index of
phyllite zone and kaolinite mineral as the index of argillic
zone and Clacite, Dolomite and Epidote minerals as the
index of propylitic zone are the characteristic minerals.

0=CoS~

The deposits of the area are displayed at a higher
magnification around the main map.

In this study, the member-end used for mineral's
kaolinite was 6 and 5 bands (2.146-2.225 micrometers)
and 6 and 7 bands (2.185-2.285 micrometers). The result
of the SAM image is a black and white image whose
color intensity is inversely related to the similarity
between the member-end number and the spectrum of
each particular pixel in the image (Figures 15-18) [52].

3. 3. Field Verification The identified alteration
zones from processed ASTER images are verified with
in-situ inspection. The field photographs of rock units,
copper deposits and the geomorphology in the study area
are shown in Figures 19 to 22.

Geological section 1 has a length of 3586 meters and
is located in the western corner of the exploration area
and has a north-south trend. This profile is composed of
volcanic rocks and flysch sediments and is free of
mineralization (Figure 19).

The identified alteration zones from processed
ASTER images are verified with in-situ inspection. The
field photographs of rock units, copper deposits and the
geomorphology in the study area are shown in Figures 19
to 22.

Geological section 1 has a length of 3586 meters and
is located in the western corner of the exploration area
and has a north-south trend. This profile is composed of
volcanic rocks and flysch sediments and is free of
mineralization (Figure 19).

Geological section 2 has a length of 4546 meters and
is located in the center of the exploration area and has a
northeast-southwest trend. This profile is composed of
volcanic rocks along with flysch units and
radiofrequency shales that are intersected by siliceous
veins and veins that contain copper mineralization
(Figures 20-21).

Geological section 4 has a length of 4060 meters and
is located in the west of the exploration area and has a
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Figure 21. View of copper mineralization in the area along
with siliceous veins
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northeast-southwest trend. This profile is composed of
volcanic rocks with flysch units, some of which are cut
by siliceous veins and have no mineralization.

Geological section 3 has a length of 4976 meters and
is located in the center of the exploration area and has a
northwest-southeast trend. This profile is composed of
volcanic rocks with flysch units, some of which are cut
by siliceous veins and have no mineralization (Figure
22).

4. CONCLUSION

The new information extracted from ASTER specialized
logical operators, PCA, and SAM defines several
potential zones for copper exploration in Mirjaveh
region. Statistical accuracy assessment and fieldwork
data also verified the consistency of the results. Finally,
based on remote sensing techniques, the diagnosis of
potential Cu mineralization in the center portion of the
research region was achieved owing to the identification
of diverse and widespread changes (phyllic, propylitic,
and argillic) in this area. Based on the investigations and
their findings, the subsequent phases of exploration in the
research area are economically justifiable, and the
central, northern, and northwestern portions of the zone
are presented as potential locations for exploration
stages. This investigation emphasizes how remote
sensing data can promote targeting high potential zones

for orogenic copper in Mirjaveh in EW Iran and in similar
areas elsewhere.
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