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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 unique 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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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)da}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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Fig. 12. Implementation of the concentration-area fractal model for Cu in the Zafarghand area (WGS 84 / UTM zone 39N). a)
Histogram of normalized data, b) Concentration-area fractal plot for Cu, and c) Cu anomaly map using IDP interpolation.

V¢


http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-07-03 ]

e 8955095 1w Sl S b b pe Sl 50 slagys) o)l patds

O g ,g0L3

433000 31330 @32:0 623203 €33030

@x0

11000 18 LSRN s 800 LU

[ DOR: 20.1001.1.2538449.1403.10.1.5.7 ]

6350)  BINI0 63250 §3800) 533
N
1:5000 ,
W
N I \cters w<y~E
0 220 440 880 1,320 1.760 s

© oS ISz a¥ (b (s3sl5id) ol Siw 4Y @ (WGS 84/ UTM zone 39N) LS o5l ,Slae 4o ooliul 5,50 5L2ST claagy V¥ S5
o sonisss Y (d 5 (eodarlne O 3olie) DN wyaz olie lul  ASTER 468 (RGB) (slawil b o305 55, oS 5

Fig. 13. Exploratory layers used in Fuzzy gamma operator (WGS 84 / UTM zone 39N). a) lithology layer, b) fault density layer, c)
False color composite with ASTER bands 468 (RGB) based on new DN values (calculated a values), and d) Cu geochemistry layer.

631000 6320010 633000 634000

' |
631000 632000

[ DOI: 10.22034/KJES.2024.10.1.107271 ]

N High: 1
1:5000 I
E
l)_ ms_ 610 1220 T8 “‘\':n.-n ‘ 1
2 Low: 0

(WGS 84/ UTM zone 39N) (\Y S ,o Sledlbl slaay) LS o3 Sloe (9,5 -V F JSio
Fig. 14. Output of fuzzy gamma operator (Data layers in Figure 13) (WGS 84 / UTM zone 39N).

VY


http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.2538449.1403.10.1.5.7 ]

[ DOI: 10.22034/KJES.2024.10.1.107271 ]

e 8355095 1w Sl S b b pe Sl 50 slagys) o)l patds

O g ,g0L3

1
632000

1
631000

63400.0

3672000

Legend N High: 1
1:5000 L
Propylitic Phyllic -
”_ 3(!5_ 610 1.220 1.830 Z.ld‘l‘:r“n ]
5 “Low: 0

Sedngp s Sbd glo,So slo dlla o (VF S 10 00l ools (L) LIE (o518 Sl 29,5 pléol 5l as audjals BlasST oogame olos adss V0 JSo

(WGS 84/ UTM z0ne 39N ceul oy ol (¥ IS 51 33,5 ,0)

Fig. 15. The final map for the Zafarghand exploration area, resulting from the integration of fuzzy gamma operator (shown in Figure
14) and the phyllic and propylitic alteration (derived from Figure 3) (WGS 84 / UTM zone 39N).

Gl 5lenl »odle aidl oo SouSo b (oo (Sl (Sinen
Ol (Y (2o al p QT (K S S S
35 Az g g aRie (297 @ |y pglal ;3 95 slaSle S
Ly oulidime; ool sl b Ysems lagloSs ol
alllae () 5 oS o Sid g Sitaangr cslo ol T aiile il o
i o i gl ol W3S 5 0l 50 g olalid oot 4
Wi oo slojlgale nglas Julod )3 (0¥ eSumms bg; 5l esliinl a5
SIS gy gl T3 plulid 5 S0 4 2 JB ek 4
oalp Same molie gl il 5 BLAIST gy |, sanie oSl 5 08
SIS 55, S 5 5 ool 4 wms s s dalllas ol gl 5]
20lie) DN s polie bl ASTER 468 (RGB) (slawsls L
30 Olebl colil g 2o (L o518 Slae 5 b 5l (cadiaculxe 0
23 oo Gl stz BB ok |y e (5L SB BbLe plubis
aied o8 Il Sy plgreas Lol (56 Slas 059 51 Blhate o)
bl ilotinzp 5 alide S oY oS5 o
ooly Hlas VO USS o aS jshiles ccewl ool aslis o il

VYA

=

e P Il Ko plare 4 (G0 YoSin () caddllas (nl

ol el oo ooliiwl a5l Jlegil b (sole e polie islos
Pra> & o) pole At slaoje> ;0 008 b 4 b,
55 o0 )l o3liiul 350 (oLl culidi e 5 (BLAST (conol
«slojlomle yolai Lo g (55105 sy sy ool 5l eptmsty onl 5o
aibhie ;3 Grpdim e SLoFS Gilussl 5 el jlaie
el oo oaliiasl olgiol liasl Gyl o odyals slazs]
4 polal cnl slojlgale pslai (o093, 5 (s, Sla Sy @ 4>y
0ye>S JouSiy 2 sl ON) Jlooms ppolie 5l o le & 50
e S 1y lojlgale pglas Jelov (lsise co)cnl 5l Sgd s
ol el @l 0,8 hand Solates ooy ol b aylie
Gl sl Shg Jeds & (o Yoo by, o5 ols (las aslllae
L slolsale polas oilop o (Jlog! polie gjlulazx glp o=
Lgi aF DN jolie ccad i ooy ol S50 sl (g5, Szl

shls do polas) wloals asine oo YeSKmw By, p,oN!


http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.2538449.1403.10.1.5.7 ]

[ DOI: 10.22034/KJES.2024.10.1.107271 ]

s 80)Sagy me (Gl G b bt e Gle S slagyg) 6l0 patss

Q‘)m 9 )%aLé

9 L& LS)ls )ﬂ.o.: ‘-¢‘>5).’> raLC\b‘ )l ;.\.J;a.lo ‘_gl.w..ﬂ o¢5m ‘:LQ)
500 U5 ab a Setelagy 5 ek Lo S sladla

S50 5 2l slapsy b bl (nl ol @illas sosms )l
313 5 el plolis G Al b oloring (ngs gy onl el
slaghy, épin el azg BB jsbay b il bl
4 Wlgi oo 5 0ads  Jame dlge SLLIST lasHl il g 590 5l Lo

ashio yo i Slusst slagy,aelyy o ,\.J)lf Sl S lgxe

D8 )18 solatwl 050 wlive 3lbolo g W8 als

References

Aliyari, F., Afzal, P., Lotfi, M., Shokri, S., Feizi, H., 2020.
Delineation of geochemical haloes using

the developed zonality index using multivariate and fractal
analysis in the Cu-Mo porphyry deposits. Applied
Geochemistry 121, 104694.

ANJC (Alamut Naghsh-e Jahan Company)., 2011. Initial
exploration report of Zafarghand copper index, Isfahan,
Iran. pp. 270. (in Persian).

Alaminia, Z., Bagheri, H., Salehi, M., 2017. Geochemical and
geophysical investigations and fluid inclusion studies in the
exploration area of Zafarghand (Northeast Isfahan, Iran).
Journal of Economic Geology 9 (2), 29-30. (in Persian).

Aminoroayaei Yamini, M., Tutti, F., Ahmadian, J., 2016.
Hydrothermal Alteration of Porphyry Copper Deposit in
the Southwest of Zafarghand with Emphasis on
Mineralogical and Geochemical Changes in the Area.
Journal of Earth Sciences Research 7 (25), 75-90.

Aboelkhair, H., Ninomiya, Y., Watanabe, Y., Sato, I., 2010.
Processing and interpretation of ASTER TIR data for
mapping of rare-metal-enriched albite granitoids in the
Central Eastern Desert of Egypt. Journal of African Earth
Sciences 58 (1), 141-151.

Abubakar, A.J., Hashim, M., Beiranvand Pour, A., 2019.
Remote Sensing satellite imagery for prospecting
geothermal systems in an aseismic geologic setting:
Yankari Park. International Journal of Applied Earth
Observation and Geoinformation. 80, 157-172.

Amidi, S. M., 1975. Contribution a I'étude stratigraphique,
pétrologique et pétrochimique des roches magmatiques de
la région Natanz-Nain-Surk (lran central), These,
universite scientifique ET medicale de Grenoble, France,
pp. 316.

114

Bblie 5l 532 9 pEds pleled Il 0,50, cal el oad
Sente g 90 3l e laghg, i slp (Sl S

L;:’L&:)Ua‘ sla¥. el 40 )L.w.s R .>|5,c LS Lgl.as&'}ﬂp‘
s I (Gislsnd) owbnSw Y Jols a5 alixe
polie wlwl 5 ASTER 468 (RGB) slawil L L35 ) oS 5
- ke JUS 3 g, 5l sdel Casdds o sowbes 4Y 9 DN was
Gutli plazs ailonds cuS 5 LS (636 Kloe 5l oolainl b colue

Al gl pl (oo liel gl sl oals ools islai VE JSS 5o

Aminoroayaei Yamini, M., Tutti, F., Amin Al-Raeayaei
Yamini, M. R., Ahmadian, J., 2018. Plagioclase as
Evidence of Magmatic Evolution in the Zafarghand
Porphyry Copper Deposit, Northeast of Isfahan. Economic
Geology 10 (1), 61-76. (in Persian).

Bahramiyan, S., 2007. Petrological and Geochemical Study of
the Intrusive Mass of Baghm, Northeast of Isfahan.
Master's thesis, Faculty of Natural Sciences, Department of
Geology, University of Tabriz, East Azerbaijan, Iran.

Armand, R., Cherubini, C., Tuduri, J., Pastore, N., Pourret, O.,
2015. Rare earth elements in French stream waters -
Revisiting the geochemical continental cycle using
FOREGS dataset. Journal of Geochemical Exploration.
157, 132-142.

Bazargani Golshan, M., Arian, M., Afzal, P., Daneshvar Saein,
L., Aleali, M., 2024. Outlining of high-quality parts of coal
by concentration—volume fractal model in North Kochakali
coal deposit, Central Iran. Journal of Mining and
Environment 15 (2), 557-579.

Beiranvand Pour, A., Hashim, M., 2011. Identification of
hydrothermal alteration mineral for exploration of
porphyry copper deposit using ASTER data, SE Iran.
ELSEVER: Journal of Asian Earth Sciences 42 (6), 1309-
1323.

Bernstein, L.S., Adler-Golden, S.M., Sundberg, R.L., Levine,
R.Y., Perkins, C.T., Berk, A., Ratkowski, J.A., Felde, G.,
Hoke, M.L., 2005. Validation of the QUAC Atmospheric
Correction (QUAC) algorithm for VNIR-SWIR multi- and
hyperspectral imagery, in: Shen, S.S and Lewis, P.E. (Ed.),
International Society for Optics and Photonics. SPIE
Proceedings, pp. 668-678.

Behbahani, B., Harati, H., Afzal, P., Lotfi, M., 2023.
Determination of alteration zones applying fractal


http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.2538449.1403.10.1.5.7 ]

[ DOI: 10.22034/KJES.2024.10.1.107271 ]

s 80)Sagy me (Gl G b bt e Gle S slagyg) 6l0 patss

Q‘)m 9 )%aLé

modeling and Spectral Feature Fitting (SFF) method in
Saryazd porphyry copper system, central Iran. Bulletin of
the Mineral Research and Exploration 172 (172), 1-14.

Barak, S., Imamalipour, A., Abedi, M., 2023. Application of
Fuzzy Gamma Operator for Mineral Prospectivity
Mapping, Case Study: Sonajil Area. Journal of Mining and
Environment 14 (3), 981-997.

Beiranvand pour, A., Hashim, M. 2014., ASTER, ALI and
Hyperion sensors data for lithological mapping and ore
minerals exploration. Springer Plus 3 (130).

Cheng, Q., Agterberg, F.P., Ballantyne, S.B., 1994. The
separation of geochemical anomalies from background by
fractal methods. Journal of Geochemical Exploration 51
(2), 109-130.

Cheng, Q., 2006. G1S-based multifractal anomaly analysis for
prediction of mineralization and mineral deposits. In:
Harris, J. (Ed.), GIS Applications in Earth Sciences,
Geological Association of Canada Special Paper, pp. 289—
300.

Cheng, Q., 2007. Mapping singularities with stream sediment
geochemical data for prediction of undiscovered mineral
deposits in Gejiu ,Yunnan Province, China. Ore Geology
Reviews 32 (1-2), 314- 324.

Cheng, Q., Agterberg, F.P., Bonham-Carter, G.F. 1996. A
spatial analysis method for geochemical anomaly
separation. Journal of Geochemical Exploration 56, 183—
195.

Cheng, Q., Yaguang, X., Eric, G., 2000. Integrated spatial and
spectrum method for geochemical anomaly separation.
Natural Resources Research 9 (1), 43-52.

Chettah, W., Mezhoud, S., Hadji, R., 2024. Fuzzy Logic-Based
Landslide Susceptibility Mapping in Earthquake-Prone
Areas: A Case Study of the Mila Basin, Algeria. Russian
Geology and Geophysics 1-19.

Carranza E.J.M., 2011. Analysis and mapping of geochemical
anomalies using logratio-transformed stream sediment data
with censored values. Journal of Geochemical Exploration
110 (2), 167-185.

Esmailzadeh Kalkhoran S, Ghannadpour S.S, Jalili H, Moeini
Rad A., 2024. Investigating porphyry copper alterations
and spectral behavior of related minerals using ASTER
satellite images in the Zafarghand region, Isfahan.
Advanced Applied Geology: Articles in Press (In Persian).

Esmailzadeh, M., Imamalipour, A., Aliyari, F., 2022.
Application of Fuzzy Gamma Operator to Generate
Mineral Prospectivity Mapping for Cu-Mo Porphyry

\Y-

Deposits  (Case  Study: Kighal-Bourmolk  Area,
Northwestern Iran). Journal of Mining and Environment
13, 129-153.

Fakhari, S., Jafarirad, A., Afzal, P., Lotfi, M., 2019.
Delineation of hydrothermal alteration Zones for porphyry
systems utilizing ASTER data in Jebal-Barez area, SE Iran.
Iranian Journal of Earth Sciences 11 (1), 80-92.

Fereydooni, H., Mojeddifar, S., 2017. A directed matched
filtering algorithm (DMF) for discriminating hydrothermal
alteration zones using the ASTER remote sensing data.
International Journal of Applied Earth Observation and
Geoinformation 63, 1-13.

Ghannadpour. S.S., Hasiri, M., Jalili, H., Talebiesfandarani, S.,
2024a. Satellite Image Processing: Application for
Alteration Separation based on U-Statistic Method in
Zafarghand Porphyry System (Iran). Journal of Mining and
Environment 15 (2), 667-681.

Ghannadpour, S.S., Esmailzadeh Kalkhoran, S., Jalili, H.,
Behifar, M., 2024b. Delineation of mineral potential zone
using U-statistic method in processing satellite remote
sensing images. International Journal of Mining and Geo-
Engineering 57 (4), 445-453.

Ghannadpour, S.S., Hezarkhani, A., 2022a. A new method for
determining geochemical anomalies: UN and UA fractal
models. International Journal of Mining & Geo-
Engineering 56 (2), 181-190.

Ghannadpour, S.S., Hezarkhani, A., 2022b. Delineation of
geochemical anomalies for mineral exploration using
combining U-statistic method and fractal technique: UN
and UA models. Applied Earth Science 131 (1), 32-40.

Ghannadpour, S.S., Hezarkhani, A., 2020. Mineral potential
mapping for Au and As using Gap statistic method in
multivariate mode. Carbonates and Evaporites 35 (2).

Ghannadpour, S.S., Hezarkhani, A., 2018. Providing the
bivariate anomaly map of Cu-Mo and Pb-Zn using
combination of statistic methods in Parkam district, Iran.
Carbonates and Evaporites 33 (3), 403-420.

Ghannadpour, S.S., Hezarkhani, A., 2017. Comparing U-
statistic and nonstructural methods for separating anomaly
and generating geochemical anomaly maps of Cu and Mo
in Parkam district, Kerman, Iran. Carbonates and
Evaporites 32 (2), 155-166.

Ghannadpour, S.S., Hezarkhani, A., 2016a. Exploration
geochemistry data-application for anomaly separation
based on discriminant function analysis in the Parkam


https://journals.ut.ac.ir/article_86277_0c26c0fdf815afb994f0cfd35fa6f858.pdf
https://journals.ut.ac.ir/article_86277_0c26c0fdf815afb994f0cfd35fa6f858.pdf
https://journals.ut.ac.ir/article_86277_0c26c0fdf815afb994f0cfd35fa6f858.pdf
https://www.tandfonline.com/doi/abs/10.1080/25726838.2022.2041151
https://www.tandfonline.com/doi/abs/10.1080/25726838.2022.2041151
https://www.tandfonline.com/doi/abs/10.1080/25726838.2022.2041151
https://www.tandfonline.com/doi/abs/10.1080/25726838.2022.2041151
https://www.tandfonline.com/doi/abs/10.1080/25726838.2022.2041151
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.2538449.1403.10.1.5.7 ]

[ DOI: 10.22034/KJES.2024.10.1.107271 ]

s 80)Sagy me (Gl G b bt e Gle S slagyg) 6l0 patss

Q‘)m 9 )%aLé

porphyry system (lran). Geoscience Journal 20 (6), 837—
850.

Ghannadpour, S.S., Hezarkhani A., 2016b. Introducing 3D U-
statistic method for separating anomaly from background
in exploration geochemical data with associated software
development. Journal of Earth System Science 125 (2),
387-401.

Ghorbani, M., 2002. A preface to economic geology of Iran,
National Geoscience Database of. Iran.

Ghannadpour, S.S., Hezarkhani, A., 2021. Investigation of
Geochemical Correlation Between Radioactive and Rare
Earth Elements: Case Study of Baghak Mine, NE Iran.
Journal of Mining and Environment 12, 569-587.

Goetz, A.F.H., Billingsley, F.C., Gillespie, A.R., Abrams,
M.J., Squires, R.L., Shoemaker, E.M., Lucchitta, I., Elston,
D.P., 1975. Applications of ERTS Image and Image
Processing to Regional Problems and Geologic Mapping in
Northern Arizona. NASA/JPL Technical Reports 32-1597,
NASA: Pasadena, CA, USA.

Heidari, S.M., Afzal, P., Sadeghi, B., 2024. Molybdenum and
gold distribution variances within Iranian copper porphyry
deposits. Journal of Geochemical Exploration 261, 107471.

Hezarkhani, A., Ghannadpour, S.S., 2015. Exploration
Information Analysis. Amirkabir University of Technology
Publications, Tehran, Iran.

Honarmand, M., Moeid, M., Jahangiri, A., Bahadaran, N.,
2010. Investigation of Geochemical Characteristics of the
Intrusive Suite of Natanz, North of Isfahan. Petrology 1 (3),
65-88.

Jabari, A., Ghorbani, M., Koopkeh, Y., Tarabi, Gh.,
Shirdashtzadeh, N., 2010. Petrography and Mineral
Chemistry of the Outer West Dikes (Southeast of Ardestan,
Iran): Evidence of Magmatic Mixing. Petrology 1 (2), 17-
30.

Khalatbari Jafari, M., 1992. Plutonism in the Ardestan Region.
Master's thesis, Faculty of Earth Sciences, Shahid Beheshti
University, Tehran, Iran.

Latifi, R., 2000. Geological, Petrological, and Geochemical
Study of Intrusive Bodies in the South and Northwest of
Zafarghand. Master's thesis, Department of Geology,
Faculty of Science, University of Isfahan, Isfahan, Iran.

Liu, Y., Xia, Q., Carranza, E.J.M., 2019. Integrating sequential
indicator simulation and singularity analysis to analyze
uncertainty of geochemical anomaly for exploration
targeting of tungsten polymetallic mineralization, Nanling

Y

belt, South China. Journal of Geochemical Exploration
197, 143- 158.

Li, Q., Zhang, B., Lu, L., Lin, Q., 2014. Hydrothermal
alteration mapping using ASTER data in Baogutu porphyry
deposit, China. in: 10P Conference Series: Earth and
Environmental Science. IOP Publishing. pp. 012174.

Lindsay, M.D., Betts, P.G., Ailleres, L., 2014. Data fusion and
porphyry copper prospectivity models, southeastern
Arizona. Ore Geology Reviews 61, 120-140.

Malekshahi, Sh., Rasa, I., Rashidnejad Omran, N., Lotfi, M.,
2019. Investigation of satellite image processing results for
alteration with field evidences in Sarkouh porphyry copper
deposit. Iranian Remote Sensing & GIS 10, 1-26. (In
Persian).

Mohammadi, S., Nedaei, A.R., Aalami Nia, Z., 2018. Analysis
of the relationship between mineralization and alteration
zones with tectonic structures using remote sensing studies
in south Ardestan area (northeastern Isfahan). Geotectonics
7, 29-47. (In Persian).

Moradpour, H., Rostami Paydar, G., Feizizadeh, B., Blaschke,
T., Beiranvand Pour, A., Valizadeh Kamran, K., Muslim,
A.M., Shawkat Hossain, M., 2022. Fusion of ASTER
satellite imagery, geochemical and geology data for gold
prospecting in the Astaneh granite intrusive, West Central
Iran. International Journal of Image and Data Fusion 13,
71-94.

Majid, S.I., Kumar, M., Kumar, P., Verma, N.K., 2023. GIS-
Based Flood Susceptibility Mapping of Srinagar District,
India Using Weights-of-Evidence (WOofE), Frequency
Ratio (FR) and Fuzzy Gamma Operator (FGO). Journal of
the Indian Society of Remote Sensing 51, 2421-2446.

Mars, J.C., Rowan, L.C., 2006, Regional mapping of phyllic
and argillic-altered rocks in the Zagros magmatic arc,
Iran,using Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) data and logical operator
algorithms. Geosphere 2 (3), 161-186.

Mohammadi, S., 1995. Investigation of Volcanism in the
Ardestan Region (Central Iran). Master's thesis, Faculty of
Earth Sciences, Shahid Beheshti University, Tehran, Iran.

Moon, W.M., 1998. Integration and fusion of geological
exploration data: A theoretical review of fuzzy logic
approach. Geosciences Journal 2, 175-183.

Nasr Esfahani, A., Vahabi Moghadam, B., 2010. Tectonic and
Magmatic Setting of the Felsic Volcanic Rocks in South
Ardestan (Northeast of Isfahan). Petrology, University of
Isfahan 1 (2), 95-108.


http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.2538449.1403.10.1.5.7 ]

[ DOI: 10.22034/KJES.2024.10.1.107271 ]

s 80)Sagy me (Gl G b bt e Gle S slagyg) 6l0 patss

Q‘)m 9 )%aLé

Oleson, R., Doescher, Ch., 2022. Advance Spaceborne
Thermal Emission and Reflection Radiometer (ASTER)
Level 1 Precisin Terrain Corrected Registered At-sensor
Radiance Product (AST_L1T). Department of the Interior
U.S Geological Survey, pp. 16.

Ostadhosseini, A., Barati, M., Afzal, P., Lee, ., 2021
Geochemical and microthermometric characteristics of the
Davaran Manto-type copper deposit, Central Iran. Neues
Jahrbuch Mineralogie 197, 145-164.

Pardel, F., Ebrahimi, A., Azizi, Z., 2019. The effect of
atmospheric correction methods on the relationship
between vegetation indices and canopy cover (Case study:
Marjan rangelands of Borujen). Journal of Geospatial
Information Technology 7(2).

Pourgholam, M.M., Afzal, P., Adib, A., Rahbar, K,
Gholinejad, M. 2024. Recognition of REEs anomalies
using an image Fusion fractal-wavelet model in Tarom
metallogenic zone, NW Iran. Geochemistry 84 (2), 126093.

Ramachandran, R., Justice, C.O, Abrams, M.J., 2011. The
practice of international policies in the ASTER
collaboration, In Land Remote Sensing and Global
Environmental Change. Eds., Springer: New York, NY,
USA,; Chapter4. pp. 483-508.

Ruffhead, A.C., 2023. Enhancement of inverse-distance-
weighting 2D interpolation using accelerated decline.
Reports on Geodesy and Geoinformatics 116, 9-14.

Sadeghian, M., Ghafari, M., 2011. Petrogenesis of the
Zafarghand Granitoid Massif (Southeast of Isfahan).
Petrology 2 (6), 47-70.

Shahi, H., Ghavami, R., Kamkar Rouhani, A., 2016. Detection
of deep and blind mineral deposits using new proposed
frequency coefficients method in frequency domain of
geochemical data. Journal of Geochemical Exploration.
169, 29-39.

Sangare, A., Attou, A., Achkouch, L., El cheikh, Y., Rachid,
A., Miftah, A., Diakité, D., 2024. Mapping bauxite-
associated alterations in the Boke region (NW part of
Republic of Guinea), using the airborne gamma-ray
spectrometry data. Scientific African 24, e02184.

\YY

Shahsavari, H., Arefi, H., Farahani, M.D., Alizadeh Pirbasti,
M., Reza Shobairi, S.M., 2024. Mapping Groundwater
Resource using Multispectral Sentinel 2 and Fuzzy Logic
method, Case Study: Salafchegan, Qom, Iran. Ecological
Questions 35, 1-26.

Wang, J.,, Zuo, R., 2018. Identification of geochemical
anomalies through combined sequential Gaussian
simulation and grid-based local singularity analysis.
Computers & Geosciences 118, 52- 64.

Xiao, F., Chen, J., Hou, W., Wang, Z., Zhou, Y., Erten, O.,
2018. A spatially weighted singularity mapping method
applied to identify epithermal Ag and Pb-Zn polymetallic
mineralization associated geochemical anomaly in
Northwest Zhejiang, China. Journal of Geochemical
Exploration 189, 122- 137.

Yeganeh Far, H., Ghorbani, M. R., 2010. Geochemical
Characteristics and Petrogenesis of Basement Rocks in
Southern Ardestan. 29th Geological Congress, Geological
Survey and Mineral Exploration Organization of Iran,
Tehran, Iran.

Zamyad, M., Afzal, P., Pourkermani, M., Nouri, R., Jafari,
M.R., 2021. Combination of Spectral Feature Fitting (SFF)
and Concentration-Number (C-N) Fractal Modeling for
Identification Alteration in Tirka Area, NE Iran. Scientific
Quarterly Journal 31 (4).

Zuo. R., Xia, Q., Zhang, D.A. 2013. comparison study of the
C-A and S-A models with singularity analysis to identify
geochemical anomalies in covered areas. Applied
Geochemistry 33, 165-172.

Ziyong, Z., Hangyu, Y., Xiaodan, G., 2018. Fuzzy fusion of
geological and geophysical data for mapping hydrocarbon
potential based on GIS. Petroleum Geoscience 24, 131-
141.

Zhou, J., Li, X., 2006. GeoPlot: An Excel VBA program for
geochemical data plotting. Computers and Geosciences 32,
554-560.

Zadeh, L.Z., 1965. Fuzzy sets. Information and Control 8 (3),
338-353.


https://www.sciencedirect.com/journal/journal-of-geochemical-exploration
http://dx.doi.org/10.22034/KJES.2024.10.1.107271
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.5.7
https://gnf.khu.ac.ir/article-1-2901-fa.html
http://www.tcpdf.org

