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1-Introduction

Everything has a different and unique reaction to radiant energy, which is determined by different degrees
of energy reflection. The ratio of reflected, absorbed, and transmitted energy in different phenomena for a
wavelength is different and depends on the type of material, its conditions, and its status. These differences
make it possible to identify different phenomena in the image. The energy ratio in the three mentioned
states for a given phenomenon also differs in different wavelengths (Campbell et al., 2011). The purpose
of this article is to investigate the spectral behavior of indicator minerals related to porphyry copper
alterations using the widely employed remote sensing sensor (ASTER) in the Zafarghand (as an already
known area) on which previous studies have been conducted, and field studies have confirmed the existence
of alterations.

2-Case study

The Zafarghand copper exploration area is located in southeastern Ardestan, in central Iran, about 110
kilometers northeast of Isfahan. The deposit is situated in the west of Zafarghand, as part of the 1:100,000
Ardestan geological sheet, ranging from 52°23'55"E to 52°26'30"E longitude and 33°10'30"N to
33°11'52"N latitude (Alaminia et al., 2017). To access the area, one can use the Ardestan-Naeen Road in
the eastern part, Ardestan-Isfahan Road in the central section, Zafarghand-Zefreh Road in the southern part,
and Ardestan-Natanz Road in the northern part of the region. The studied deposit is located at the western
margin of the Central Iran structural zone and on the central part of the Urmia-Dokhtar Magmatic Arc
(UDMA); similar to other porphyry copper deposits in Iran and worldwide, it had a magmatic origin
(Alaminia et al., 2017). Through field and microscopic investigations, five distinct types of alteration
associated with mineralization processes have been identified in the region. These alterations are frequently
observed near intrusive masses and host rocks surrounding the South Ardestan fault (ANJC, 2011). In the
southeastern part of the range, potassic alteration exhibits a very limited outcrop near the quartz diorite
mass.

In contrast, phyllic alteration is evident in the intrusive masses of diorite, quartz diorite porphyry, dacite,
and rhyolite volcanic rocks. Both siliceous and argillic alterations have taken place to a restricted extent
and are progressing away from the phyllic alterations (Radfar, 1999). The presence of propylitic alteration
is widespread in the rocks forming the outer boundary of the deposit. Potassic alteration is characterized
explicitly by extremely limited outcrops and secondary veins containing biotite, magnetite, and feldspar-
alkaline in the vicinity of plagioclase. Understanding these alterations is crucial for comprehensively
assessing the region's geological characteristics and mineral potential.

3-Material and methods
Alteration zones associated with copper have drawn the attention of numerous researchers owing to their
distinctive spectral characteristics in the near-infrared range for remote sensing investigations (Rowan et
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al., 2006). In this context, the imagery captured by the ASTER sensor is particularly noteworthy, given its
superior short-infrared band coverage compared to sensors like those in the Landsat series. This extended
band coverage is instrumental in accentuating regions with heightened variability. In the present study,
various techniques were employed to discriminate and emphasize the altered areas, including False Color
Composition (FCC), Band Ratio (BR), Least Squares-Fit (LS-Fit), Matched Filtering (MF), Principal
Component Analysis (PCA), Spectral Angle Mapper (SAM), Purity Pixel Index (PPI), and MNF method.
These methods were applied to mitigate image noise and enhance the detectability of areas exhibiting
mineralogical alterations related to copper deposits.

Obtaining satellite image
of the studies area

v

Pre-Processing

I 1
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Image Processing
FCC BR LS-Fit MF PCA SAM PPI MNF

Comparison and analysis
of obtained result

Fig 1. Flowchart of various stages and processes of task execution.

4-Results and discussions

The performance of various methods, including PCA, MF, LS-Fit, FCC, BR, and SAM, was evaluated.
False Color Composition and Band Ratio methods were utilized, specifying the alteration ranges. Among
the applied processes, the BR, MF, and LS-Fit methods effectively highlighted regional alterations with
high accuracy, while PCA did not yield the desired results. The Minimum Noise Fraction method
successfully removed noise from the image, emphasizing the color combination of argillic and propylitic
alterations.

5-Conclusion

Atmospheric correction was applied to the ASTER sensor data in the studied area to mitigate noise in the
image. Various image processing techniques were then employed, including False Color Composition,
Band Ratio, Principal Component Analysis, Matched Filtering, Least Squares-Fit, Spectral Angle Mapper,
Minimum Noise Fraction, and Purity Pixel Index, aiming to illustrate the effectiveness of these methods in
the analysis. The analysis and experimental results demonstrate that the false color combination derived
from the 468 bands of the ASTER sensor is well-suited for identifying alteration units. This method
provides a comprehensive overview of regional changes, facilitating further investigations. Given the
limited studies on alterations in this region, exploring porphyry copper in arid and semi-arid regions using
ASTER sensor data is particularly useful, especially in Iran, a significant porphyry copper belt in the East.
The pixel purity index and n-dimensional imager methods were employed to obtain the pure spectrum of
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image pixels, resulting in the extraction of three endmembers representing argillic, potassic, and propylitic
alterations. The presence of these alterations supports the possibility of porphyry copper deposits,
suggesting they may extend several kilometers from the mineralization center. Notably, argillic alteration
is widespread on the surface and around porphyry copper deposits, effectively highlighted by most applied
methods in the target area's image analysis.
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Fig. 1. () The location of the Zafarghand exploration area in the central part of the Urmia-Dokhtar arc (UDMA), (b) A
part of the simplified geological map of Ardestan and Shahrab with a scale of 1:100,000 and (c) A simplified geological
map of the Zafarghand exploration area (based on modifications from (after some changes from (Alaminia et al., 2017)).
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Fig. 5. Microscopic and field images of rocks from the Zafarghand exploration area (Alaminia et al., 2017, Aminroayaei
Yamini et al., 2017). (a) Outcrop of phyllic and propylitic alteration, (b) Outcrop of argillic and propylitic alteration, (c)
Microscopic image of argillic zone dacites in polarized light, and (d) Microscopic image in reflected light corresponding
to the conversion of biotite to copper sulfide in the propylitic zone. (F-Kao: Feldspar altered to kaolinite, Mag: Magnetite,

Bio: Biotite and Bor: Bornite).
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Fig. 8. The image obtained by the False Color Composite (FCC) method, in which the pink areas are related to argillic
alteration and the green areas are related to propylitic alteration, as well as the red areas are also related to phyllic

alteration.
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Fig. 9. The images obtained from the band ratio method, (&) Showing the band ratio 7+4/6+5 in the ASTER sensor, where
the white areas represent argillic alteration, (b) Highlighting the phyllic alteration in white color with band ratio 7/6 and
(c) The band ratio 6+9/7+8 in the ASTER sensor, where the white areas are related to the propylitic alteration.
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Fig. 10. The results obtained from the LS-Fit method in the studied area, (a) Display of argillic alteration (bright points)
with selected band 4 in ASTER, (b) The display of phyllic alteration (bright points) with selected band 7 and (c) Resulting
image from the LS-Fit method for propylitic alteration with selected band 8.
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Fig 11. (a) Spectral curves of kaolinite minerals (green curve), chlorite (red), muscovite (blue), (b) The image obtained

from the MF method on the ASTER image in order to highlight the argillic alteration with the kaolinite index mineral and
(c) Highlighting the phyllic alteration with the muscovite index mineral.
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Table 1. Components resulting from the PCA method.
Component Band4 Band5 Band6 Band7 Band8 Band 9

PC1 0.41 0.41 0.41 0.43 0.40 0.36
PC2 0.63 0.30 0.14 -0.20 -0.52 -0.41
PC3 -0.48 0.41 0.44 -0.30 -0.40 0.37
PC 4 0.41 -0.19 -0.34 -0.36 -0.13 0.71
PC5 0.13 -0.56 0.67 -0.38 0.22 -0.06
PC6 0.01 -0.45 0.19 0.62 -0.57 0.17
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Fig. 12. (a) The image resulting from the PCA method with a set of SWIR bands, in this image the pink to red areas
represents propylitic alteration and yellow areas correspond to phyllic alteration and (b) PC3 to highlight the argillic
alteration, which in this image, the white pixels are specific to this alteration.

52°25'0"E

33°11'30"N

33°11°0"N

52°26'0"E

@ Bl 5 Siagn (Slo o 4 bgrpe S Bblis ¢ oy 3550 00997 ;0 (b gl (6)l0 patid g 5l alol> gl VY IS

A Seld Sl S S oble K,

Fig. 13. The image obtained from the SAM method in the investigated area, the green areas are related to propylitic

alteration and the blue areas represent phyllic alteration.
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Fig. 14. Color composite (RGB: MNF5, MNF3, MNF2), yellow to green areas are related to argillic and phyllic alterations
and blue to purple areas are related to propylitic alteration.
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Fig. 15. Pixel Purity Index (PPI) transformation from the resulting MNF image, bright pixels represent pure pixels.
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Table 2. The number and percentage of pixels identified using the PPl method.

Minimum The total number of pixels of Detected pixels within The percentage of pixels detected
threshold the studied area the threshold within the threshold

10 18758 7909 42.21

20 6248 33.30

30 5207 28.09

40 4506 24.02

50 3977 21.20

60 3522 18.77

70 3208 17.10

80 2907 15.49

90 2690 14.34

100 2464 13.13
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Table 3. The performance result of the processing methods in determining the alterations (correct: 1 and incorrect: 0).

Method Argillic

Phyllic Propylitic

BR 1
LS-Fit 1
MF 1
PCA 1
SAM 0
MNF 1
PPI 0
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