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1- Introduction

In recent years, there has been evidence of the growing potential of remote sensing and geochemical studies
in early-stage exploration, particularly in identifying hidden ore resources. In geochemical exploration,
separating geochemical anomalies from the background is one of the most significant steps. Various non-
structural techniques could separate and identify anomalies from the background (Ghannadpour and
Hezarkhani, 2016). The application of structural techniques for anomaly separation, including the
singularity approach, fractal geometry in various fractal models, and the spatial U-statistic method, is
evident in numerous studies. The current study aims to use standard remote sensing techniques for the
structural processing of ASTER satellite images in the Zafarghand exploration with structural approaches
for geochemical anomaly separation.

2- Case study

The Zafarghand copper exploration area is located in southeastern Ardestan, in central Iran, about 110 km
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.
To access the area, one can use the Ardestan-Naeen Road in the eastern part, the Ardestan-Isfahan Road in
the central section, the Zafarghand-Zefreh Road in the southern part, and the 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) (Fig. 1) (Ghannadpour et al.,
2024).

3- Material and methods

The study area's mineral potential is assessed by identifying alterations and minerals using ASTER satellite
imagery. The singularity approach, renowned for its effectiveness in distinguishing geochemical anomalies
from the structural background, has been employed for satellite image processing. This technigue estimates
element concentrations using square grids and has demonstrated superior performance compared to inverse
distance weighting (IDW) in detecting weak anomalies concealed within the background (Wang et al.,
2018). Fig. 2 shows a visual representation of the study's steps in the form of a flowchart.

4- Results and discussions

A powerful technique employed in satellite image analysis to detect ground alterations involves using band
ratios derived from the singularity index. This approach is practical in delineating alterations often
associated with specific geological features. In this study, phyllic and propylitic alterations, indicative of
particular geological characteristics, have been accurately identified and confirmed using this method.
Applying band ratio highlighting based on the singularity index could greatly aid exploration and extraction
endeavors related to mineral resources by facilitating the identification and interpretation of ground
alterations.
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Fig. 1. (a) 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)).

5- Conclusion
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Fig 2. Flowchart of the steps and process of doing the work.

In this study, the singularity method is used as an effective tool to separate unusual or anomalies values
from the background. This research has used this method to process and analyze satellite images to identify
and highlight porphyry copper alteration in the Zafarghand exploration area northeast of Isfahan province.
The results of this study showed that the singularity method is very effective in processing satellite images
with a raster structure due to its structural features for separating anomaly values. These results show that
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using the singularity method in analyzing satellite images could significantly help understand and identify
land alterations and provide helpful information for exploring and extracting mineral resources.
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Fig 1. (a) 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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Table 1. General specifications of ASTER Sensor (Ghannadpour et al., 2024).

Subsystem Band No. Spectral Rang (um)

VNIR 1 0.52-0.60
2 0.63-0.69
3(N&B) 0.78-0.86
SWIR 4 1.60-1.70

5 2.145-2.185

6 2.185-2.225

7 2.235-2.285

8 2.295-2.365

9 2.360-2.430

TIR 10 8.125-8.475

11 8.475-8.825

12 8.925-9.275

13 10.25-10.95

14 10.95-11.65

Spatial Resolutions Quantization Levels

(m)

15 8 bits
30 8 bits
90 12 bits

DN iolie 4y bgyye (3 5 F slaail) SWIR csgams slanils (s bl Slasin -Y Joax
Table 2. The statistical specifications of SWIR range bands (bands 4 to 9) related to DN values.

No.
4 1.7193
5 1.7164
6 1.6378
7 1.4454
8 1.4314
9 1.4126

o 01 A WN P

Band Average Variance Standard deviation

0.0988 0.3143
0.0708 0.2660
0.0551 0.2348
0.0256 0.1601
0.0279 0.1671
0.0219 0.1481

AFE
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Fig 4. Flowchart of work steps and processes.
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Fig 5. A resized image of the ASTER sensor for the SWIR range in the Zafarghand area (band 9).
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Table 3. The band ratios used for determining alterations (porphyry copper).

No. Alteration type Band ratio
1 Propylitic bgtby
b;+bg
2 Phyllic b,
b
3 Argillic b, +b,
bs+byg

Table 4. The statistical characteristics of DN values corresponding to the band ratios of Table 3.

No. Alteration Type Average Variance Standard
deviation
1 Propylitic 1.0594 0.0011 0.0333
2 Phyllic 0.8874 0.0021 0.0457
3 Argillic 0.9508 0.0016 0.0405
o @] IO —

DN (propylitic band ratio)

-]
2

(©

=]

2 8 5 &
o 2 o 9o
g & 8

Frequency

500 —

08 085 09

DN (phyllic band ratio)

=S

055 1 106 11 1.15

DN (argillic band ratio)

5 Sl Sl S (0) Sty p Sl yFo @)Y Jgaz 50 ead )15 gail slaans gl 00l dnwle DN jlads ol Sgicn -V IS

Sos,T Sle S8 (©)

Fig 7. The histogram of calculated DN values for the band ratios reported in Table 3. (a) Propylitic alteration, (b) Phyllic

alteration, and (c) Argillic alteration.
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Fig 8. The histogram of calculated a values for the band ratios reported in Table 3. (a) Propylitic alteration, (b) Phyllic

alteration, and (c) Argillic alteration.
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Table 5. The statistical characteristics of calculated o values for band ratios.

Band ratio Average Minimum Maximum
bg+by 1.9995 1.9728 2.0243
ho+h.

b, 2.0007 1.9484 2.0378
h.
by +b, 2.0008 1.9546 2.0341
h.+h
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Fig 9. A binary map of singularity values smaller than 2 (a<2) in the Zafarghand area. (a) Propylitic alteration, (b) Phyllic

alteration, and (c) Argillic alteration.
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Fig 10. An image of promising areas within the Zafarghand region using the singularity method. (a) band ratio of
propylitic, (b) phyllic and (c) argillic alterations.
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Fig 11. A map of determined promising areas using the singularity method, consistent with the alteration map of the
Zafarghand region. (a) Propylitic and (b) phyllic band ratios.
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Fig 12. A map of promising areas determined using singularity in ASTER sensor image processing.
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