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Today, remote sensing in geology efficiently identifies alteration zones and suitable locations for
hydrothermal deposits. In the present study, satellite image processing techniques are employed to
highlight the alteration zones in the Zafarghand exploration area. Zafarghand, located in the northeast of
Isfahan, falls within the Central Iran zone according to geological structural zoning (the middle part of
the Urumieh-Dokhtar magmatic arc). The Zafarghand porphyry system includes phyllic, potassic,
propylitic, argillic, and silicic alteration halos. In this study, ASTER sensor images are used to identify
the associated alterations. Due to the raster and digital nature of satellite images, the digital number (DN)
values of each pixel in the image matrix are considered as samples in a systematic grid. Ultimately, the
singularity method algorithm, as a structural approach for effectively separating geochemical anomalies,
is applied to the DN values of ASTER satellite images. Additionally, the fuzzy gamma operator was used
to integrate available information layers from the study area, including the lithological layer, fault
density, false color composite with ASTER bands 468 (RGB) based on new DN values (calculated o
values), and the Cu geochemistry layer. The results from this technique demonstrate that the singularity
method, due to its structural nature, is successful in decision-making and effectively identifies alteration
zones in the Zafarghand area, particularly propylitic and phyllic alterations. Furthermore, it was observed
that the fuzzy gamma operator, using the proposed technique in this study, successfully highlights
prospective Cu mineralization areas in the Zafarghand exploration area.

Introduction

Remote Sensing (RS) and geochemical studies have

spatial statistic, fractal geometry, and the singularity
method have been applied in numerous studies

shown increasing capability in the initial stages of
mineral deposits exploration, particularly for hidden
types. These studies are crucial in the initial stages of
mineral exploration, especially for deposits with large
halos relative to the ore body. Separating geochemical
anomalies from the background is a key step in
geochemical exploration (Hezarkhani and
Ghannadpour, 2015). There are various methods for
anomaly separation that include from nonstructural to
structural approaches (Hezarkhani and Ghannadpour,
2015, Ghannadpour and Hezarkhani, 2016a, b, 2017,
2018, 2020, 20223, b). Structural methods such as the U

(Hezarkhani and Ghannadpour, 2015, Ghannadpour and
Hezarkhani, 20164, b, 2017, 2018, 2020, 20224, b). This
research combines these methods with RS techniques to
process ASTER satellite images in the Zafarghand
exploration area.

The fuzzy gamma operator integrates information
layers from the Zafarghand area, including lithology,
fault density, false color composite with ASTER bands
468 (RGB), and Cu geochemistry from the
Concentration-Area fractal model. Fuzzy logic,
introduced by Lotfi Zadeh, is widely used in mineral
mapping for exploration, operating on a scale from 0 to
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1 to represent favorability. It simplifies the assessment
and adjustment of membership values and facilitates the
creation of favorability maps. By integrating multiple
layers with expert knowledge and assigning weights to
controlling factors, fuzzy logic effectively identifies
potential mineralization areas (Sangaré et al., 2024,
Chettah et al., 2024; Shahsavari et al., 2024,
Esmailzadeh et al., 2022).

The Zafarghand exploration area (in northeastern
Isfahan) is considered as a small part of the Urmia-
Dokhtar volcanic arc belt (UDMA) that hosts significant
porphyry copper deposits. Initial exploration included
geological mapping, rock sampling, and geophysical
surveys. Subsequent studies focused on the region's
volcanic and volcano-sedimentary rocks, granitoid
masses, and andesitic-basaltic dikes (Ghannadpour et al.
20244, b).

Recent studies highlight the importance of
hydrothermal alterations and their relationship with
mineralization. This study aims to utilize the singularity
method to process ASTER satellite images, identify
surface geochemical anomalies, and advance
exploration techniques in the Zafarghand exploration
area.

Materials and Methods
Dataset

To highlight various alterations and key minerals in
the study area, Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER) satellite images
were utilized. The ASTER sensor, launched on the Terra
satellite in 1999, provides 14 spectral bands: three in the
VNIR range (15-meter resolution), six in the SWIR
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range (30-meter resolution), and five in the TIR range
(90-meter resolution) (Beiranvand Pour and Hashim,
2014). Each ASTER scene covers an area of 60*60
kilometers. Due to their multiple bands in the SWIR and
TIR ranges, ASTER images are extensively employed
in geological studies to identify alteration zones (Li et
al., 2014). The SWIR bands capture absorption features
of AI-O-H, Si-O-H, and Mg-O-H, aiding in their
identification. Alone or combined with other RS data,
ASTER data is utilized to produce geological maps
(Ramachandran et al., 2011).
Singularity Method

The singularity method is applied to estimate
element concentrations by increasing square grids that
measure concentration density around specific locations
(Wang et al., 2018; Xiao et al., 2018). This method
identifies weak anomalies that are not detectable
through conventional methods. Investigating changes in
element concentrations across different areas
determines the depletion or enrichment of elements. The
singularity index, which indicates how much a region
deviates from the background, is calculated by
comparing the average concentration in each grid with
its size. A singularity index closes to 2 indicates a
normal distribution for geochemical maps. While
regions with o > 2 represent depletion, and o < 2
represent enrichment of element concentration in the
target region. After preprocessing the ASTER images,
the singularity method algorithm will be applied to the
brightness values (DN) of each pixel. Finally, the false
color composite method will highlight the desired
alterations. Figure 1 shows the steps of this study in a
flowchart.
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Fig. 1. Flowchart of work steps and process.

Results and Discussion
Preprocessing of Satellite Images

ASTER satellite images were preprocessed before
structural methods for anomaly separation were applied.
In this study, according to the nature of considered data
(Aster satellite images), three pre-processing methods,
IARR, Log Residual and QUAC, have been employed.

Application of the Singularity Method

The singularity method, a robust algorithm
programmed in MATLAB, was applied to the DN values
of bands 4 to 9 in the SWIR range of the Zafarghand area.
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It calculated each pixel's singularity index (o). The
results indicated a normal distribution of a values, with o
values less than 2 representing anomalies (a<2) and
values greater than 2 representing the background (o>2).

False Color Composite

A false color composite was created using bands 4, 6,
and 8 (R, G and B) from the reconstructed images based
on the o values calculated using the singularity method.
This composite effectively highlighted alterations: green
to light green indicated propylitic alteration, light pink
represented phyllic alteration, and pink denoted argillic
alteration (Fig. 2).
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Fig. 2. False Color Composite of ASTER Sensor (R, G, B: 4, 6, 8) Based on Singularity Index Values (WGS 84 / UTM zone 39N).

Fuzzy gamma operator

In this study, the fuzzy gamma operator integrates
four key informational layers: lithology, fault density, a
false-color composite with ASTER bands 468 (RGB)
based on new DN values, and a Cu geochemistry layer
from the Concentration-Area fractal method. These
layers identify areas with mineral potential. The

lithological layer highlights dacite and rhyodacite for Cu
mineralization, and the fault density layer identifies areas
favorable for mineralization due to hydrothermal fluid
flow. The false color composite detects propylitic and
phyllic alterations, aligning well with mineralization
zones. The geochemistry layer shows anomalous Cu
distributions. Using these layers, Cu potential mapping
results are presented in Figure 3.
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Fig. 3. Output of Fuzzy gamma operator (WGS 84 / UTM zone 39N).

Interpretation and Validation

The identified anomalies closely matched known
mineralization and alteration zones in the Zafarghand
area, providing a strong validation of proposed approach.

The integrated method of false color composite and
singularity, found to be highly reliable, provided a robust
identification of alteration zones. The results
unequivocally demonstrate the effectiveness of the
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singularity method combined with remote sensing
techniques in geochemical anomaly detection and
mineral exploration.
Conclusions
This study implements the singularity method as an
effective tool to separate anomalies values from the
background. This method is widely applied in various
fields of earth sciences, especially exploratory
geochemistry. This research used this method to process
satellite images in order to identify porphyry Cu
alteration in Isfahan province's northeast Zafarghand
exploration area. Due to satellite images' raster and
digital characteristics, they are stored as matrices of DN
for each pixel. Hence, it is possible to convert the analysis
of satellite images into a study similar to systematic data
analysis. Obtained results confirm the singularity
method's effectiveness in processing satellite images
with a raster structure. This is primarily due to the
method's unigue structural features, such as its ability to
facilitate the separation of anomaly values. As a result,
the DN values determined by the singularity method
algorithm (o values) exhibit a strong spatial correlation.
The study demonstrates that using a false color
composite with ASTER bands 468 (RGB) based on new
DN values through the fuzzy gamma operator
significantly enhances the accuracy and reliability of
identifying copper mineralization areas. This operator
effectively integrates data layers such as lithology, fault
density, false color composite, and Cu geochemistry,
providing precise identification of alteration zones. The
final map, validated by merging this output with phyllic
and propylitic alteration halos, shows a strong correlation
with mineralization zones. This method advances remote
sensing and mineral exploration strategies, making it
useful for future exploration in the Zafarghand area and
similar regions.
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Fig. 2. Simplified geological map of the Zafarghand exploration area (adapted from Alaminia et al., 2017).
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Fig. 4. The alteration outcrops in the Zafarghand exploration area. a) Part of the alterations outcrop in the area, b) Outcrop of phyllic
and propylitic alteration, c) Outcrop of argillic and propylitic alteration (Esmailzadeh Kalkhoran et al., 2024).
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Table 1. General specifications of the ASTER Sensor (Beiranvand Pour and Hashim, 2014).

Spatial Resolutions

Subsystem Band No. Spectral Rang (um) m) Quantization Levels
1 0.52-0.60
VNIR 2 0.63-0.69 15 8 bits
3(N&B) 0.78-0.86
4 1.60-1.70
5 2.145-2.185
6 2.185-2.225 .
SWIR 7 52352 285 30 8 bits
8 2.295-2.365
9 2.360-2.430
10 8.125-8.475
11 8.475-8.825
TIR 12 8.925-9.275 90 12 bits
13 10.25-10.95
14 10.95-11.65
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Table 2. Statistical specifications of SWIR bands (Bands 4 to 9) for DN values.

No. Band Average Variance Star)dz%rd
deviation

1 4 1.7193 0.0988 0.3143

2 5 1.7164 0.0708 0.2660

3 6 1.6378 0.0551 0.2348

4 7 1.4454 0.0256 0.1601

5 8 1.4314 0.0279 0.1671

6 9 1.4126 0.0219 0.1481
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Table 3. Statistical characteristics of calculated o values for the SWIR eange bands.

No. Band Average Minimum Maximum Variance
1 4 2.0077 1.8543 2.1447 0.0029
2 5 2.0059 1.8786 2.1594 0.0021
3 6 2.0046 1.8962 2.1525 0.0017
4 7 2.0042 1.9013 2.1025 0.0011
5 8 2.0043 1.8973 2.1037 0.0011
6 9 2.0030 1.9144 2.0970 0.0008
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