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Abstract 

This research was performed with the objective of evaluating the accuracy of spectral angle mapper (SAM) 

classification using different reference spectra. The Advanced Spaceborne Thermal Emission and Reflection 

Radiometer (ASTER) digital images were applied in the SAM classification in order to map the distribution 

of hydrothermally altered rocks in the Kerman Cenozoic magmatic arc (KCMA), Iran. The study area 

comprises main porphyry copper deposits such as Meiduk and Chahfiroozeh. Collecting reference spectra 

was considered after pre-processing of ASTER VNIR/SWIR images. Three types of reference spectra 

including image, USGS library, and field samples spectra were used in the SAM algorithm. Ground truthing 

and laboratory studies including thin section studies, XRD analysis, and VNIR-SWIR reflectance 

spectroscopy were utilized to verify the results. The accuracy of SAM classification was numerically 

calculated using a confusion matrix. The best accuracy of 74.01% and a kappa coefficient of 0.65 were 

achieved using the SAM method using field samples spectra as the reference. The SAM results were also 

validated with the mixture tuned matched filtering (MTMF) method. Field investigations showed that more 

than 90% of the known copper mineralization occurred within the enhanced alteration areas. 

 

Keywords: Spectral Angle Mapper, ASTER, Hydrothermal Alteration, Porphyry Copper Deposit, Kerman 

Cenozoic Magmatic Arc. 

1. Introduction 

The porphyry copper deposits have received a 

considerable attention in the remote sensing 

community in terms of mineral exploration [1-3]. 

The zones of hypogene hydrothermal alteration 

and weathering associated with the porphyry 

copper deposits are large enough to be detected 

and mapped using multispectral remote sensing 

data. Most of the known porphyry copper deposits 

are characterized by a wellïdeveloped zonal 

pattern of mineralization and wallïrock alteration 

that can be defined by the assemblages of 

hydrothermal alteration minerals. The mineral 

assemblages associated with these alteration zones 

show spectral absorption features in the  

visibleïnear infrared (VNIR) and shortwave 

infrared (SWIR) wavelength regions [4, 5]. 

The advanced space-borne thermal emission and 

reflection radiometer (ASTER) covers the VNIR 

(0.52ï0.86 µm), SWIR (1.6ï2.43 µm), and 

thermal infrared (TIR) (8.125ï11.65 µm) spectral 

regions with 14 channels and a high spatial, 

spectral, and radiometric resolution [6]. The three 

VNIR bands in ASTER sensors are important 

sources of information regarding absorption in 

transition metals, especially Fe and some rare 

earth elements (REEs). The ASTER SWIR bands 

are important in distinguishing AlïOH, FeïOH, 

MgïOH, HïOïH, and CO3 absorption features, 

thereby providing the potential to map important 

minerals of hydrothermal alteration such as 

hydroxyl and carbonate minerals [1, 7]. 
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Mars and Rowan (2006) performed ASTER data 

by applying multiple band ratios and threshold 

values for mapping argillic and phyllic zones over 

the Iranian volcanic sedimentary belt, which 

includes the present study area [1]. In addition, 

Tangestani et al. (2008) used ASTER data to 

analyse a small part of the Iranian volcanic 

sedimentary belt (the Meiduk and Abdar deposits) 

with the aim of detecting alteration zones based 

on directed principal components and spectral 

angle mapper (SAM) [8]. ASTER/ALI and 

ASTER/ETM+ images were also employed with 

the objective of hydrothermal alteration mapping 

in the NW and SE parts of the Kerman Cenozoic 

magmatic arc (KCMA) [9, 10]. The KCMA is 

also known as the Dehaj-Sarduiyeh copper belt. 

Hosseinjani Zadeh and Honarmand (2017) 

accomplished discrimination of high- and low-

potential mineralization for porphyry copper 

deposits using ASTER data [11]. Aryanmehr et al. 

(2018) utilized the Quickbird and Landsat-8 

datasets for mapping hydrothermal and gossans 

alterations in reconnaissance porphyry copper 

mineralization in the Babbiduyeh area, situated in 

the Central Iranian Volcano-sedimentary Complex 

[12]. Furthermore, several studies were carried out 

to map hydrothermal alteration in local scale 

using ASTER data on the major porphyry copper 

deposits in the central part of the KCMA such as 

Sar Cheshmeh and Darrehzar [13-15]. 

SAM is a supervised image classification method 

based on calculation of the angle between the 

image spectra and reference spectra, treating them 

as vectors in a feature space with dimensionality 

equal to the number of bands [16]. The SAM 

algorithm has previously been applied to 

hyperspectral and multispectral data for mapping 

the distribution of hydrothermal alteration [13, 14, 

17-19]. In order to achieve more accuracy in 

hydrothermal alteration mapping, it is necessary 

to analyse some details before using image 

processing techniques. Hecker et al. (2008) 

reported that the SAM classification method may 

yield different results for the same mineral in the 

case that different spectra are employed (e.g. 

imageïderived spectra, fieldïbased spectra or a 

library of standard spectra) [20]. 

The present study is aimed to verify the effects of 

different source spectra as the reference on the 

SAM classification in mapping the distribution of 

hydrothermal alteration zones. The  

Kuh-e-MosahemïKuh-e-Madvar district, which is 

a small part in the SE of the central Iranian 

Cenozoic magmatic belt (CICMB), was selected 

as the study area. The CICMB is of utmost 

importance in terms of porphyry copper 

mineralization. Due to poor soil development, 

sparse vegetation cover, abundant outcrop, and 

arid to semiïarid conditions, this part of the belt is 

suitable for remote sensing studies. 

2. Geological setting and mineralization 

The CICMB is the most prominent belt that runs 

parallel to the Zagros geoïsuture for about 1800 

km from Azerbaijan in the NW to the north of 

Makran in the southeast. This belt is a part of the 

AlpineïHimalayan collisional orogenic belt, 

which extends from Western Europe to Turkey, 

across Iran into western Pakistan (Figure 1a) [21]. 

Magmatism activity in this zone started in the 

Eocene and reached a climax during the Middle 

Eocene for volcanic rocks and during the 

OligoceneïMiocene for plutonic rocks in many 

parts of Iran [22]. 

The CICMB is one of the main Cuïbearing 

regions in the AlpineïHimalayan orogen. 

Petrogenetic links between porphyry copper 

mineralization and arc magmatism are well-

documented in continental arcs like the Andes, 

North American Cordillera, Papua New Guinea, 

and China [26-28]. 

The study area is located in the KCMA, which is a 

part of the southeast sector of the CICMB. Figure 

1b shows a simplified geological map of the Kuh-

e-MosahemïKuh-e-Madvar area. The Oligoceneï

Miocene intrusive rocks were emplaced into the 

Bahr Aseman (Eocene), Razak (Eocene), and 

Hezar volcanic complexes. Faulting, fracturing, 

hydrothermal alteration, and mineralization, both 

within the intrusive bodies and the associated 

volcanic rocks, are followed by formation of a 

supergene environment and an oxidation zone in 

some of the deposits [29-30]. 

The Kuh-e-MosahemïKuh-e-Madvar area 

contains several mineral deposits and many 

important mineral occurrences. Ore deposits of 

porphyry and veinïtype have been identified. The 

porphyryïtype mineralization is dominant, mainly 

near postïEocene intrusive bodies in the Eocene 

volcanoïsedimentary complex. The vein type 

mineralization is controlled by faults showing 

different trends, and is found both in intrusions 

and in fine-grained volcanic rocks. The most 

important porphyry copper deposits in this area 

are those at Kader, Godekolvary, Iju, Serenu, 

Chahfiroozeh, Parkam, Meiduk, and Abdar 

(Figure 1b, Table 1) [24]. 

Hydrothermal alteration is widespread in this 

region, producing illite/muscovite (sericite), 

chlorite, epidote, carbonates, silica, jarosite, and 
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clay minerals. Field observations and analyses of 

field samples reveal that sericitization is the most 

intensive and widespread form of hydrothermal 

alteration in the study area (Figure 2). 

Argillization is also common, although not as 

intensive as the sericitization. Epidotization and 

carbonitization are associated with chloritization 

and jarositization occurs in the surface outcrops of 

hydrothermally altered rocks near the area of 

copper mineralization (e.g. at Iju and Parkam). 

Eight porphyry copper deposits in this area are 

associated with wellïdeveloped zones of 

hydrothermal alteration including phyllic, argillic, 

propylitic, silicification, and Jarositization zones 

(Table 1), with the first three of these zones being 

the most widely developed. Table 1 presents 

characteristics of major copper deposits in the 

study area (modified after [31]). 

 

 
Figure 1. (a) Relief map showing the position of Cenozoic volcanic belts (compiled from [21, 23]). AMB: Alborz 

magmatic belt, CICMB: Central Iranian Cenozoic magmatic belt, KCMA: Kerman Cenozoic magmatic arc. (b) 

Simplified geological map of the study area (Adopted from [24, 25]). Locations of the copper deposits are shown 

(please refer to Table 1). 
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Table 1. Characteristics of major copper deposits in the study area (modified after [31]). 

Deposit 
UTM 

coordinates 

Type of 

mineralization 
Host rocks 

Main alteration 

typesÀ 

Main Altered 

mineralsÀ 

Main ore 

minerals 

1. Kader 
X: 285503 

Y: 3389840 
Porphyry 

Diorite porphyry, 

Quartz diorite 

porphyry 

Phyllic, Argillic, 

Propylitic, 

Silicification 

Muscovite, 

Kaolinite, Illite, 

Quartz, Natroalunite 

Pyrite, 

Chalcopyrite, 

Chalcocite, 

Covellite 

2.Godekolvary 
X: 307128 

Y: 3386478 
Porphyry 

Diorite porphyry, 

Granodiorite, 

Andesite 

Argillic, Phyllic, 

Propylitic, 

Silicification 

Kaolinite, 

Muscovite, 

Montmorillonite, 

Quartz, Chlorite, 

Epidote 

Pyrite, 

Chalcopyrite 

3. Iju 
X: 303315 

Y: 3380542 
Porphyry 

Diorite porphyry, 

Quartz diorite 

porphyry 

Phyllic, Argillic, 

Potassic, 

Propylitic, 

Jarositization 

Muscovite, Illie, 

Quartz, Kaolinite, 

Albite, Chlorite 

Pyrite, 

Chalcopyrite, 

Chalcocite 

4. Serenu 
X: 305954 

Y: 3374148 
Porphyry 

Diorite porphyry, 

Quartz diorite 

porphyry, 

Andesite 

Phyllic, Argillic, 

Propylitic, Potassic 

Muscovite, Illie, 

Quartz, Albite, 

Orthoclase, 

Kaolinite, chlorite 

Montmorillonite 

Pyrite, 

Chalcopyrite 

5.Chahfiroozeh 
X: 309441 

Y: 3364244 
Porphyry 

Granodiorite 

porphyry 

Phyllic, Potassic, 

Propylitic 

Muscovite, Illie, 

Quartz, Albite, 

Orthoclase 

Malachite, 

Azurite, 

Chrysocolla, 

Pyrite, 

Chalcopyrite 

6. Parkam 
X: 321121 

Y: 3369859 
Porphyry 

Diorite porphyry, 

Micro diorite 

porphyry 

Phyllic, Argillic, 

Potassic, 

Propylitic, 

Jarositization, 

Silicification 

Muscovite, Illie, 

Quartz, Jarosite, 

Albite, Orthoclase, 

Kaolinite 

Pyrite, 

Chalcopyrite, 

Malachite 

7. Meiduk 
X: 323885 

Y: 3366900 
Porphyry Diorite porphyry 

Phyllic, Argillic, 

Potassic, Propylitic 

Muscovite, Illie, 

Quartz, Jarosite, 

Albite, Orthoclase, 

Kaolinite, 

Montmorillonite 

Pyrite, 

Chalcopyrite, 

Chalcocite, 

Malachite 

8. Abdar 
X: 336271 

Y: 3354694 

Vein and 

Porphyry 

Granodiorite 

porphyry, 

Dasiteporphyry, 

Andesite and 

diorite 

Phyllic, Argillic, 

Propylitic 

Muscovite, Illie, 

Quartz, Albite, 

Kaolinite, 

Montmorillonite, 

Chlorite 

Pyrite, 

Chalcopyrite, 

Galena, 

Malachite 

9. Palangi 
X: 368910 

Y: 3355907 
Impregnation 

Andesite and 

pyroclastites 

Carbonatization, 

Propylitic, 

Chloritization, 

Sericitization, 

Silicification 

Chlorite, Epidote, 

Calcite, Quartz 

Chalcopyrite, 

Malachite, 

Azurite, 

Chalcocite, 

Bornite 

10. Chahmesi 
X: 322676 

Y: 3365076 
Vein 

Andesite, 

Diorite porphyry 

Propylitic, 

Silicification 

Chlorite, Epidote, 

Quartz 

Chalcopyrite, 

Chalcocite, 

Sphalerite, 

Malachite, 

Azurite, 

Galena 

ÀBased on field observations, thin section studies, spectral measurements, and XRD analysis (This study). 
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Figure 2. Field photographs of typical alteration zones in the study area. (a) Phyllic alteration zone with silica 

veinlets, (b) iron oxides (hematite and goethite) with argillic alteration, (c) phyllic alteration and jarositization, 

(d) phyllic alteration stained with ir on oxide and hydroxide minerals, (e) phyllic  alteration, (f) regional view of the 

central alteration zone, (g) phyllic and propylitic alteration zones, and (h) regional view of propylitic alteration. 

 

3. Spectral characteristics of hydrothermal 

alteration and ASTER data 

Hydrothermal alterationrelated to porphyry Cu 

deposits usually exhibits a concentric zonal 

pattern zoned from potassic zone at the core 

outward through phyllic (quartzïsericiteïpyrite), 

argillic (quartzïkaoliniteïmontmorillonite), and 

propylitic zones (epidoteïcalciteïchlorite)  

[31-32]. The spectral reflectance characteristics of 

minerals in the phyllic, argillic, and propylitic 

hydrothermal alteration zones provide a basis for 

identifying hydrothermally altered rocks 

associated with porphyry copper deposits in  

semiïarid and arid regions. The hydrothermal 

alteration zones are characterised by mineral 

assemblages containing at least one mineral that 

exhibits diagnostic spectral absorption features. 

As most hydrothermal alteration minerals have 

absorption features in the SWIR region of the 

electromagnetic spectrum, multispectral SWIR 

data are commonly used for hydrothermal 

alteration mapping. ASTER SWIR bands are 

positioned to define absorption features of 

common minerals that are typically formed by 


