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The target of this research is recognition of the alteration zones utilizing concentration-area fractal
methodology according to the reflection of the main minerals of each alteration zone that enhanced
by Spectral Feature Fitting (SFF) Method due to Advanced Space-borne Thermal Emission and
Reflection Radiometer (ASTER) satellite images in Saryazd porphyry system, central Iran. The

alterations and mineralization are developed in Eocene volcanics. Remote sensing results achieved
by the SFF method and Concentration-Area (C-A) fractal modeling represent different parts of
propylitic, argillic and phyllic alteration zones due to their intensity and pixel values. In addition,

Received Date: 10.07.2021 the results reveal that there is a ring-shaped structure in the alteration zones, which are correlated
Accepted Date: 13.03.2023  with results, derived from X-Ray Diffraction (XRD) analyses and field observations.

1. Introduction

Hydrothermal alteration and mineralized zones
associated with porphyry mineralization systems were
extended into wall rocks above and around intrusive
bodies and their zoning could be an important
exploration key to find mineralization in hydrothermal
deposits (Pirajno, 2009). Remote sensing data have
been utilized to recognize and mapping of different
alteration zones. The potential of the recognition by
remote sensing data was based on the wavelength
variety and spectral power identification of their
sensors (Abrams et al., 1983; Rutz-Armenta and Prol-
Ledesma, 1998; Corumluoglu et al., 2015; Vural et
al., 2015; Yazdi et al., 2018; Vural and Aydal, 2020).
The short wave infrared (SWIR) spectral domain as
an electromagnetic wavelength’s portion is one of

the essential implements for in recognizing different
alteration zones (Sabins, 1999; Hewson et al., 2001;
Tangestani and Moore, 2001; Sadeghi et al., 2013;
Aramesh etal.,2015; Fakhari etal., 2019). In this study,
the SFF method has been utilized to recognize these
main minerals for alteration zones such as kaolinite,
muscovite, chlorite and hematite. The different parts
of the alteration zones were separated utilizing C-A
fractal approach to find boundary of each alteration
zone and classification them to boundary between
each alteration zone and their classification to identify
prospect area in Saryazd.

2. Regional Geology

The Urumieh-Dokhtar Magmatic Belt (UDMB)
as an Andean-type magmatic arc extends for 2000 km
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from NW to SE and is considered as subduction-related
calc-alkaline and alkaline rock masses (Berberian
and King, 1981; Hassanzadeh, 1993; Ricou 1994;
Moradian, 1997; Mohajjel et al., 2003; Alavi, 2004;
Omrani et al., 2008; Agard et al., 2011). The major
porphyry copper, molybdenum and gold ores in Iran
occurred along the UDMB. Middle segment of the
UDMB includes numerous porphyry-related copper
deposits and prospects (Ahmadfaraj et al., 2019;
Sabahi et al., 2019; Jebeli et al., 2020).

Three major periods of magmatism and associated
Cu mineralization are identified along the UDMB
during Eocene—Oligocene, Middle to Late Oligocene
and Middle to Late Miocene episodes (Shahabpour
and Kramers, 1987; Kirkham and Dunne, 2000;
Mclnnes et al., 2005; Jahangiri 2007; Razique et al.,
2007; Ahmadian et al., 2008; Ghorbani and Bezanjani,
2011; Asadi et al., 2014). Several Cu mineralization/
deposits in the UDMB were simultaneously formed
during the emplacement of Miocene granodiorite
to quartz-monzonite intrusions (Zarasvandi et al.,
2015). Several porphyry deposits/occurrences were

discovered in the central section of the UDMB such as
Darreh Zereshk (Aghazadeh et al., 2015; Zarasvandi
etal., 20015), Kahang (Afzal et al., 2012), Dali (Asadi
Haroni and Sansoleimani, 2012; Ayati et al., 2013) and
Zafarghand (Behbahani et al., 2013a, b).

2.1. Geology of Saryazd

The Saryazd porphyry system is situated in western
border of the crustal central Iranian block, central Iran.
There is an intersection between the UDMB and the
Central Iranian block (Figure 1). The lithology of the
Saryazd area consists Eocene volcanic rocks such as
tuff breccia, tuff and devitrified pyroclastics, Olivine-
pyroxene basalts, quartz porphyry to monzogranite
and quartz monzodiorite porphyry intrusions with
outcrops in SW part of the study area. These units
infiltrated in volcanics and micritic limestones and
thereby caused alteration and mineralization in
volcanics. All these rocks are covered by Quaternary
alluvial sediments. The main faults predominate in the
center of the study area with a NNE - SSW trend in the
studied area (Figure 2, Behbahani, 2017).

45°0"0"E 50°0'0"E

55°00"E 60°0'0"E

30°0"0"N A5%0'0"'N 40°0'0"N

25°%0'0"N

30°0"0"N A590'0"N 40°0"0"N

25°90'0"N

45°0"0"E

- Alborz
l:l Central Iran

S0°0°0"E

- Ophiolitic complex

I:I Kopehdagh - Sannadaj-Sirjan
- Lut block - Uromieh-Dokhtar
- Khuzestan plain [ Makran

S5°0"0"E G0°0"0"E

- Zagros

Figure 1- Main geological subdivisions of Iran (modified after Stocklin, 1968, 1977;

Nabavi, 1976).
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Figure 2- Geological map of the Saryazd system.

3. Methodology

3.1. Spectral Feature Fitting

The SFF method is an absorption feature based
technique for corresponding image spectral to situation
end members which improved by the U.S. Geological
Survey (USGS; Clark et al., 1992; Kruse et al.,1993a,
b; Kruse and Lefkoff, 1993, Swayze and Roger, 1995;
Zamyad et al., 2019). Methodology for interpretation
of hyper spectral data has still not directly recognized
minerals. They represent similarity of a mineral to
another known material. In addition, direct methods
for identification of different minerals are based on
specific spectral features extraction (Yamaguchi and
Lyon, 1986; Clark et al., 1987; Kruse, 1988; 1990;

Clark and Swayze, 1995). Moreover, the SFF method
needs to reduce data to reflectance and remove a
continuum from the reflectance data prior to analyses.
A continuum is a mathematical function applied to
isolate a particular absorption feature for analyses
(Clark and Roush, 1984; Kruse et al., 1985; Clark et
al., 1992).

3.2. Concentration-Area (C-A) Fractal Model

Cheng et al. (1994) established the C—A fractal
model that is applied to detect background and
anomalies for various data (pixel value in this
scenario) as follows:

A (p=v) cop™ip™1; A (p2v) oo p 2™ p
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The A (p) denotes the area with pixel values
greater than the value p; v indicates a threshold; and
a, and a, are fractal dimensions. The breaking points
between line segments on a C-A logarithmic plot and
the corresponding values of p have been applied as
thresholds to distinguish pixel values into various
components, at the similar time showing different
items, such as geological and geochemical differences
(Goncalves et al., 2001; Lima et al., 2003; Aliyari et
al., 2020). Cheng and Li (2002) utilized the C-A model
for interpretation of Thematic mapper (TM) images in
Mitchell - Sulphurets Cu - Au porphyry system, NW of
Canada. Moreover, Afzal et al. (2012) used the fractal
modeling for separation of different alteration zones in

Khoshnameh area, central Iran. Zamyad et al. (2019)
used fractal modeling for classification of alteration
zones in Tirka copper mineralization (NE Iran).

4. Application of C-A Fractal Modeling

In this paper, the ASTER data in SWIR used to
recognize the alteration zones in various Saryazd
porphyry systems. First, the image was corrected
and the ENVI 4.7 software and the SFF method was
used to extract and map the spectrum of the kaolinite,
muscovite, hematite and chlorite, which are the main
alteration mineral of porphyry systems (Figure 3 and
4). The related pixels of alteration zones for main
mineralization were enhanced and their values were
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Figure 3- Main minerals of porphyry alteration enhanced by SFF
method; a) kaolinite and b) muscovite.

Figure 4- Main minerals of porphyry alteration enhanced by SFF
method; a) hematite and b) chlorite.
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reclassified using the C-A fractal model and log-log
plots were produced for alteration zones (Figure 5 and
6). C-A log-log plot for kaolinite, the main mineral
of the argillic alteration reveals five populations
(Table 1). The first population is covering pixels by
values lower than 31, which is distributed at the NW
of the study area. Main populations occurring in the
NW part of this area include values higher than 100.
Moreover, the last population of kaolinite consists of
the pixels by values, which are more than 158. This
population includes pixels of the kaolinite at the NW
and central sections of the Saryazd region (Figure
7a). Based on the fractal modelling, most parts of
the argillic alteration zone are high intensity, which
contain pixel values higher than 100. The C-A method
for muscovite, being the main mineral of the phyllic
alteration, reveals four fractal populations with the
first population involving pixel values lower than 141.
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Figure 5- Log - Log plots for pixel values of kaolinite and muscovite.

The main populations have pixel values higher than
186, which is situated at the NW portion of the study
area. Furthermore, the last population for muscovite
comprises pixel values more than 234 which is located
at the NW of the Saryazd system (Figure 7b). The C-A
method for chlorite reveals five populations that are
distributed in the marginal parts of the studied area, as
depicted in Figure 8a. Major populations of chlorite
consist of pixel scores > 173 that are distributed in
the NW, SE and central sections of the studied area.
However, the final population of chlorite pixel values
is situated at the NE and central parts of the study
system and included the values more than 229. The
C-A fractal modeling for hematite shows five major
populations that contain pixel values higher than 173 in
the SE and NW of the studied area. The last population
of hematite pixel values are located in all the parts of
the area, which are higher than 218 (Figure 8b).
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Figure 6- Log - Log plots for pixel values of chlorite and hematite.

Table 1- Specified population pixel values for alterations main minerals using C-A fractal model.

Mineral 1% population 2" population 3" population 4" population 5™ population
Kaolinite 0-31 31-50 50-100 100-158 158<
Muscovite 0-141 141-186 186-234 234< -

Chlorite 0-83 83-120 120-173 173-22 229<
Hematite 0-34 34-138 138-173 173-218 218<
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data in 314 the Saryazd porphyry system.
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5. Validation Result with Geological Characteristics

XRD is an appropriate method for mineral
analyses (Faheem et al., 2015; Gold et al., 1983). In
this research, 21 samples of XRD data were used to
determine the minerals of the alteration zones, (Table
1 and Figure 9), thereby determining the accuracy of
remote sensing results and the C-A in the Saryazd area

(Figure 10). The comparison between the XRD results
and C-A fractal modeling shows that pixels marked as
high intensity alteration zones are correlated with the
altered samples, as depicted in Table 1. Some samples
like STZ12 have a series of the main alteration
minerals consisting of argillic, phyllic and iron oxide
(Table 2).

Figure 9- Altered and mineralized parts of the studied area; a) argillic alteration, b) advanced argillic and 348 phylic
alterations, c) iron oxide mineralization as siderite, goethite and limonite, d) hematite and argillic 349 alteration,
e) stock work structure and mineralization as goethite and malachite which is accorded in 350 Crossed streaks,
f) Cu and Fe oxide mineralization in border of Saryazd porphyry system.



Bull. Min. Res. Exp. (2023) 172: 1-14

i
T

3492000 3492800 3493600 3494400 3495200

34902000 3492800 3493600 3494400 3495200

266000

267000 26 269000

LEGEND
B Eaolinie
[ | Miugkovite
B Hewotine
I Chborite

B NRD Sampeli
[ Soudy Area .

M
2 xn @ GIS by: B.Behbahani

L] L] 1

Toltal alteration mineraliztion map extracted by
SFF method and XRD sampeling ponits

Figure 10-The correlation map of the XRD sampling by ground geology and remote sensing The images
385 show the alteration zones in the data in the Saryazd district; a) argillic and propylitic, b)
argillic and 386 phylic, c) Iron oxide alterations out crops.



10

Bull. Min. Res. Exp. (2023) 172: 1-14

Table 2- XRD analysis results for alterations of the Saryazd porphyry system.

Samples Major Phase(s) Minor Phase(s)
STZ1A Quartz Muscovite-Illite
Albite
Orthoclase (KAISi,Oy)
STZ2 A Quartz Muscovite-Illite
Albite Montmorillonite
Orthoclase
STZ3 A Quartz Illite
Albite
Orthoclase
STZ4 A Quartz
Orthoclase Kaolinite
Barite
STZ5A Quartz Kaolinite
Orthoclase Barite
STZ6 A Quartz Muscovite-Illite
Albite
Orthoclase
STZ7A Quartz
Albite Muscovite-Illite
Orthoclase Calcite
Kaolinite
Montmorillonite
STZ 10 A Quartz Kaolinite
Orthoclase Muscovite-Illite
Montmorillonite
Albite
STZ 12 A Quartz Orthoclase
Muscovite-Illite
Kaolinite
Hematite
STZ 14 A Orthoclase Kaolinite
Quartz Hematite
STZ 15A Quartz Albite
Orthoclase Muscovite-Illite
Chlorite
STZ 16 A Albite Calcite
Quartz Kaolinite
Orthoclase Muscovite - Illite
STZ2B Quartz Kaolinite
Albite Muscovite-Illite
Calcite Orthoclase Dolomite
STZ3B Albite Chlorite
Quartz Muscovite-Illite
Calcite
STZ 9 B(1) Albite Chlorite
Quartz Muscovite-Illite
Calcite
STZ 9 B(2) Quartz Muscovite-Illite
Albite
Calcite
Microcline
STZ 10 B Quartz Bassanite
Gypsum Anhydrite Kaolinite
Muscovite-Illite
STZ11B Albite Kaolinite
Orthoclase Hematite
Quartz
STZ 14 B Quartz Calcite
Albite Muscovite-Illite
Orthoclase Kaolinite
Hematite
STZ15B Quartz Muscovite- Illite
Orthoclase Kaolinite
STZ 16 B Halite Gypsum
Quartz
Anhydrite

Muscovite-Illite
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6. Conclusions

According to the results derived from the C-A
fractal modeling and SFF method on the remote sensing
data, the high intensity alteration zones were located
in the NW of the Saryazd area. The argillic and phyllic
alteration zones (kaolinite-muscovite) predominate
in this part of the study area where the major Cu
mineralization occurs. As mentioned before, the high
pixels, which are enhanced by the SFF method, are
related to the chlorite. The pixel value of the chlorite
is higher than the others, which is the margin of the
porphyry system. Moreover, the XRD analyses of
the alteration samples validated the results obtained
from the SFF and fractal analysis. Consequently, the
C-A approach for pixels extracted by the SFF method
identified a ring structure in alteration zones, which
may also indicate a porphyry mineralization.
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