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Abstract 

In this study, the reliability of the primary gold mineralization exploration using multispectral 

ETM
+
 imagery was investigated in Lahroud region, northwest Iran, which was conducted by 

integration of alteration and structural indicators. Co-occurrence of the clay minerals and iron 

oxides is an important criterion in gold deposit exploration; therefore, their alteration zones were 

mapped using Landsat 7 Enhanced Thematic Mapper Plus (ETM
+
) data analysis by feature oriented 

component analysis (FPCS) and band ratio techniques considering their applicability and simplicity. 

The structural data layers including lithological units and faults maps were also utilized to enhance 

the accuracy of the results. The gold favorability map of the study area was then created by the 

combination of the aforementioned resultant alteration and structural data layers in ArcGIS based 

on the weights assigned by the analytic hierarchy process method (AHP) considering the main role 

of the alteration zones in gold mineralization exploration. The final primary gold favorability map 

was evaluated through the known Au indices and ore bodies in the study area. Quantitative 

assessment of the results was carried out by means of the frequency ratio coefficient (FRC) that 

normalizes the total number of Au signatures in each potential zone with the relevant area 

measurement. Approximately 16% of the study area was categorized as the most favorable zone for 

primary gold mineralization which involves 50% of the Au signatures. Accordingly, the high 

potential zone which represents the highest FRC value (3.14) confirms the efficiency and reliability 

of the applied procedure. Therefore, the application of multispectral remote sensing techniques 

alongside the structural analysis is a reliable, rapid and cost effective method for mineral 

exploration. 

Keywords: Alteration mineral mapping; ETM
+
; GIS; Multispectral data analysis; Analytic hierarchy 

process, Primary gold mineralization, Lahroud. 

1–Introduction 

Considering their remarkable extension, 

recognition of alteration haloes in mineral 

prospecting is an essential process and they 

have a key role in simplifying and prosperity of 

exploration programs. Despite the diverse 

techniques of the alteration mapping, 

developing remote sensing methods have found 

an increasing application in this arena and 

implementation of multispectral remote sensing 

techniques in ore deposits exploration has been 

intensively interested (Crosta and McM Moore, 

1989; Loughlin, 1991; Zhang et al., 2007b; 

Sadeghi et al., 2013; Amer et al., 2012). 

Remote sensing sensors record spectral behavior 

of the materials comprising the earth’s surface, 

and thus, they have been used for decades to 

map rock types, mineral assemblages and 

weathering characteristics. Remotely sensed 
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data analysis, improving our abilities in the 

earth’s surface recognition, is effective in 

arid/semi-arid regions where the geologic units 

are extensively exposed (Khan and Mahmood, 

2008; Bedini, 2011; Zhang et al., 2007a). 

Because of its suitable wavelength coverage, 

multispectral systems such as Landsat TM 

imagery have been routinely utilized in the 

detection of the ore deposit associated alteration 

zones, and as a result, it is considered as an 

efficient tool in mineral exploration, particularly 

in remote areas with little or no access (Zhang et 

al., 2007a). 

Active tectonics of the study area and thus, 

extension of numerous igneous and 

metamorphic complexes in NW Iran has 

motivated plenty of systematic exploration 

programs and detailed investigations aiming 

economic mineralization in this area. The 

purpose of this study is to determine the most 

favorable areas of gold mineralization in 

Lahroud region, NW Iran, which confirms the 

efficiency of Landsat 7 Enhanced Thematic 

Mapper Plus (ETM
+
) in gold mineralization 

potential mapping because of its ability in 

detection of related alteration minerals as well 

as its accessibility. Despite the higher spectral 

resolution of the Advanced Space borne 

Thermal Emission and Reflection Radiometer 

(ASTER) data, the indicator minerals of the 

gold mineralization including clay minerals and 

iron oxides are also detectable using ETM
+
 

images. 

As gold cannot be detected directly by any 

remote sensing method, the presence of iron 

oxides alongside the clay minerals such as 

kaolinite, montmorillonite, and alunite could be 

used as an indicator for identification of 

hydrothermal alteration zones associated with 

gold mineralization considering their diagnostic 

spectral signatures in the visible/shortwave 

infrared portion of the electromagnetic spectrum 

(Kujjo, 2010; Zoheir and Emam, 2012). Hence, 

gold mineralization associated alteration 

minerals were mapped by the Feature oriented 

Principal Components analysis (FPCS) and 

band ratio techniques. These methods are 

practical and successfully employed in 

alteration mapping. At the same time, they are 

very simple methods leading to their popularity 

in the various researches. Moreover, structural 

features of the study area, including lithological 

units and faults maps were used for improving 

the reliability of the results. Finally, the gold 

potential map was generated by weighted 

overlaying of the aforementioned factor maps 

according to the weights assigned based on the 

analytic hierarchy process (AHP) method. 

2– Study area 

The study area is located at the NW Iran and the 

west of the Caspian Sea which covers 

approximately 4950 Km
2
 of the boundary 

region of the East-Azerbaijan and Ardabil 

provinces as is shown in the figure 1. Coverage 

of the lithological units of the region is 

summarized in the table 1. As concluded from 

the table, igneous rocks are the most extended 

units in the study area. 

Table 1) Coverage of the lithological units 

Rock Type )
2

(Km Area (%) 

Residential Area or Landslide 11.77 0.24 

Sedimentary 1908.92 38.45 

Volcano-Sedimentary 306.74 6.18 

Sedimentary-Metamorphic 20.43 0.41 

Volcanic 2583.59 52.04 

Volcanic-Metamorphic 10.39 0.21 

Altered Zone 123.02 2.48 
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Figure 1) Location of the study area 

3– Dataset 

In this study, remotely sensed multispectral 

ETM
+
 images acquired on June 5, 2000 were 

processed to extract alteration mineral zones 

associated with primary gold mineralization. 

Additionally, improving accuracy of the gold 

favorability map of the region, structural factor 

maps were utilized in the overlaying process. 

Structural evaluation of the study area regards 

the ore formation was conducted using the 

lithological units and faults maps. Faults were 

digitized from the four 1:100,000 scale geologic 

quadrangle maps of Lahroud, Kaleybar, 

Meshkin Shahr and Ahar. Also, the 1:250,000 

scale Ahar geologic map was used to extract 

lithological units of the region. 

4– Pre-processing 

Considering undesired interactions of the 

atmosphere and adjacent pixels, pre-processing 

is a necessary stage for improving clarity of the 

images and thus provides higher quality data for 

analysis purposes (Oskouei and Busch, 2008; 

Poormirzaee and Oskouei, 2010). One of the 

common atmospheric correction methods is to 

estimate the path radiance by the regression 

method and then to subtract this value from the 

signal received by the sensor (Mather and Koch, 

2010). 

In this study, the regression method was 

implemented for path radiance correction in 

which the scatter plot of the spectral bands 

against the thermal band (band 6) was plotted in 

turn and the intercept of the line best fitted to 

data points were subtracted from the 

corresponding band’s digital numbers as the 

path radiance correction (PRC). This method 

supposes that the effect of the path radiance on 

the thermal bands is zero or negligible 

(Jiménez-Muñoz et al., 2010; Mather and Koch, 

2010). The path radiance correction of ETM
+
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bands is illustrated in table 2. As implied from 

the table, the path radiance decreases as the 

wavelength increases expectedly. 

Table 1) PRC of ETM
+
 bands 

ETM
+
 Bands PRC  ETM

+
 Bands PRC 

Band 1 44  Band 4 4 

Band 2 25  Band 5 1 

Band 3 8  Band 7 1 

5– Methods 

Image processing methods are aimed to increase 

the contrast between interesting targets and 

undesired background effects in the image 

(Camps-Valls et al., 2011). Digital processing 

of ETM
+
 dataset was performed using ENVI 4.8 

by the feature oriented component analysis and 

band ratio techniques. 

5.1– Alteration indicators 

5.1.1– Band ratio 

Band ratioing is the common powerful satellite 

image processing technique, especially in areas 

where topographic effects are important. This 

method was widely applied in alteration mineral 

mapping. In fact, earth’s surface features have 

their particular spectral reflectance patterns in 

different wavelength portions which could be 

used as a kind of fingerprint of the objects. 

According to the position of the high reflectance 

and absorption spectral bands of the objects, the 

main concept of the band ratioing technique was 

developed (Wang and Nunez, 1992; Hadi and 

Najeeb, 2011; San et al., 2004; Fu et al., 2006; 

Zoheir and Emam, 2012; Beiranvand Pour et 

al., 2013; Rajendran et al., 2013). 

The basic idea of the band ratio method is to 

emphasize the subtle variations in the spectral 

reflectance characteristics of the various surface 

covers or target objects. The important property 

of this method is its invariance to shading 

effects as the contribution of the geometric 

factor related to shading is approximately 

constant for all image bands; thus ratioing the 

two band values effectively cancels them out 

(Wang and Nunez, 1992; Hadi and Najeeb, 

2011; San et al., 2004; Shalaby et al., 2010; 

Ranjbar et al., 2004; Fu et al., 2006). 

Depending on the purpose of their application, 

e.g., lithology or alteration discrimination, lots 

of band ratios has been developed based on the 

spectral reflectance maxima and the position of 

the absorption features of the target minerals 

(Kujjo, 2010; Rajendran et al., 2013). The 

spectral bands of ETM
+
 are well suited for 

recognition of the assemblages of the altered 

minerals. 

A 

 

B 

 

Figure 2) Normalized alteration maps by the band ratio method: A) clay mineral; B) iron oxides. 
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Generally, Landsat ETM
+
 band ratios 5/7 and 

3/l were used to emphasize the clay and iron 

oxide alteration zones respectively (Dehnavi et 

al., 2010; Moghtaderi et al., 2007; van der Meer 

et al., 2012). 

It is well established that the Landsat ETM
+
 

band ratio 3/1 is efficient in Fe alteration 

mapping given their reflectance maxima and 

minima within the spectral range of bands 3 and 

1 respectively, and thus increases the 

differences between the digital number of iron 

alteration zones and those of unaltered rocks 

leading to a better discrimination of 

hydrothermally altered and unaltered rocks 

(Dehnavi et al., 2010; Moghtaderi et al., 2007; 

Van der Meer et al., 2012; Sadeghi et al., 2013; 

Beiranvand Pour et al., 2013). 

The most widespread products of the alteration 

process, hydroxyl minerals such as the clay 

minerals and sheet silicates, based on the 

position of band minima related to Al–OH 

vibrational absorption, have a diagnostic 

spectral absorption features in 2.1–2.4 μm 

(ETM
+
 band 7). At the same time they have a 

very high reflectance in the range of ETM
+
 band 

5. Therefore, a band ratio of 5/7 would yield 

very high values for altered zones comprising 

dominantly hydroxyl-bearing minerals such as 

the clays, alunite, etc. (Ranjbar et al., 2004; 

Moghtaderi et al., 2007; Beiranvand Pour and 

Hashim, 2011; Van der Meer et al., 2012; 

Honarmand et al., 2011; Sadeghi et al., 2013; 

Beiranvand Pour et al., 2013). 

Iron oxide and clay minerals alteration maps 

were produced by applying 3/1 and 5/7 band 

ratios respectively, and consequently 

normalized to be in the range of 0-1. The 

resultant alteration maps are presented in figure 

2. Then, the product of the two alteration maps 

was calculated using the band math tool in the 

ENVI software which represents the 

simultaneous occurrence of the iron oxide and 

clay minerals by higher values. Finally, the 

region was categorized based on the probability 

of the gold mineralization, as the higher value 

the higher promising for Au mineralization. 

This categorized map was utilized in integration 

process of the factor maps to generate gold 

favorability map of the study area. The 

categorized favorability map of the primary 

gold mineralization based on the alteration 

indicators derived from the band ratio method is 

presented in the figure 3. 

 
Figure 3) The categorized primary gold favorability 

map based on the alteration indicators derived from 

the band ratio method. 

5.1.2– Features Oriented Component Analysis 

Principal component analysis (PCA) is a 

mathematical procedure and a multivariate 

statistical technique widely applied in image 

processing to transform correlated spectral 

bands into a smaller number of uncorrelated 

spectral bands called principal components 

removing redundancy in the dataset. PCA helps 

to separate spectral signatures of the targets 

from the background, but it is not capable to 

eliminate topographic/atmospheric effects due 

to the fact that it is simply a rotation of spectral 

feature space to the maximum variance 

directions. This method has been intensively 

utilized for alteration mapping in metallogenic 

provinces (Ranjbar et al., 2004; Gabr et al., 

2010; Rajendran et al., 2013). 
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Feature Oriented Principal Component 

Selection (FPCS) or Crosta technique is the 

selective PCA transform on the particular bands 

of the image believed to exhibit spectral 

information over the intended target objects 

(Crosta and McM Moore, 1989). Loughlin 

(1991) developed this method to map alteration 

zones by selecting specific Landsat TM band 

sets and applying PCA separately to them. So, 

the spectral information of the target alteration 

minerals was mapped into a single PC 

component despite the certain materials, e.g., 

vegetation. Identification of the principal 

components corresponding to the spectral 

information of the desired minerals, as well as 

the contribution of the original bands was 

performed through the analysis of the 

eigenvector values. Appropriate PC images 

were chosen by examining these loadings 

regards the spectral profile of the desired 

minerals (absorption and high reflectance 

bands). This technique was successfully 

implemented for mineral exploration purposes 

due to its ease of use and robustness, especially 

in areas with sparse or no vegetation coverage 

and considerable bedrock exposures (Crosta and 

Filaho, 2003; Mutua and Mibei, 2011; El Khidir 

and Babikir, 2013; Amuda et al., 2014; 

Poormirzaee et al., 2010; Vijdea et al., 2004; 

Kenea and Haenisch, 1996; Abedi et al., 2013). 

Loughlin used Landsat TM band sets 

comprising bands 1, 3, 4 and 5 or 7 and bands 1, 

4, 5 and 7 to derive spectral information related 

to iron oxides and hydroxyl-bearing minerals 

like clays/carbonates respectively (El Khidir and 

Babikir, 2013; Amuda et al., 2014; Poormirzaee 

et al., 2010). 

In this study, the Crosta technique was applied 

to ETM
+
 bands 1, 3, 4, 5 and 1, 4, 5, 7 for 

mapping iron oxide and clay minerals 

respectively, and resulted principal components 

were examined regards the theoretical spectral 

profile (absorption/reflectance bands) of the 

target minerals. Eigenvalues and eigenvector 

loadings of both Crosta implementations are 

summarized in tables 3 and 4. 

 

Table 2) FPCS for iron oxides using ETM
+
 bands 

(1-3-4-7) 

PCs PC1 PC2 PC3 PC4 

B1 0.37 0.05 0.39 0.84 

B3 0.73 0.02 0.44 -0.52 

B4 -0.06 -0.99 0.16 0.01 

B7 0.58 -0.16 -0.79 0.12 

Eigenvalues
%

 81.78 11.61 5.72 0.89 

Table 3) FPCS for clay minerals using ETM
+
 bands 

(1-4-5-7) 

PCs PC1 PC2 PC3 PC4 

B1 0.34 -0.33 0.8 -0.37 

B4 0.02 0.86 0.45 0.24 

B5 0.65 0.35 -0.39 -0.55 

B7 0.68 -0.19 -0.04 0.71 

Eigenvalues
%

 76.23 16.64 5.94 1.2 

According to the loadings of bands 1 

(absorption) and 3 (reflectance) in table 3, as 

well as the loadings of bands 5 and 7 in table 4, 

anomalous desired alteration minerals were then 

highlighted by dark pixels in the corresponding 

4
th

 PC components. 

Similarly, generated gold mineralization 

associated alteration mineral maps by FPCS 

method were normalized to be in the range of 0-

1 (figure 4) and their product map was 

calculated which presents co-occurrence of iron 

oxide and clay minerals, promising areas of Au 

mineralization, with high values. Thus, the 

region was categorized based on the probability 

of the gold mineralization. This categorized map 

was also utilized as a factor map in integration 

process to generate the gold favorability map of 

the study area. The categorized primary gold 

favorability map based on the alteration 

indicators derived from the FPCS method is 

represented in figure 5. This figure slightly 

differs from the results in the figure 3. However, 

most probable areas according to the both of the 
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methods are consistent with the altered rock 

types from the available geological maps. 

Therefore, combination of their results would be 

more efficient in gold favorability mapping by 

considering all possible alteration zones. 

A 

 

B 

 

Figure 4) Normalized alteration maps by FPCS method A) clay mineral B) Iron oxides.

Table 5) Structural characteristics of the gold deposits in the world and NW Iran. 

Gold Mine Location Structural characteristics 

Grasberg Mine (Pollard et al., 

2005) (world's lowest-cost, largest 

Au-Cu producer) 

Indonesia, Papua 

province 
Hosted within the Grasberg Igneous Complex, 

formed in a left-lateral strike-slip fault system. 

Poplar Mountain gold deposit (Chi 

et al., 2008) 

Canada, western New 

Brunswick province 

Hosted in the Poplar Mountain volcanic complex 

(PMVC), located along the regional Woodstock 

fault zone.  

Musselwhite Mine and Hammond 

Reef (Maura and Louise, 2011) 

Canada, Ontario 

provinces   

Shear-zone-hosted gold deposits hosted in the 

metamorphic rocks. 

The Fazenda Brasileiro mine 

(Reinhardt and Davison, 1990) 

Brazil, Bahia State, Rio 

Itapicuru greenstone 

belt  

A hydrothermal quartz-gold vein deposit, hosted 

by iron-rich chlorite-magnetite schists, associated 

with shear zones. 

Goldfield belt of the Piranshahr-

Sardasht-Saqez zone (consists of 

several orogenic gold deposits/ 

occurrences including the 

Qolqoleh (the most significant 

mineralization), Kervian, 

Qabaqloujeh, Kharapeh, Alut, 

Hamzeh–Gharanein) 

The northern part of the 

Sanandaj-Sirjan 

metamorphic zone  

Associated with shear zones located within or 

adjacent to the major Saqez–Sardasht thrust fault 

and other confining normal faults.  

Qolqoleh gold deposit: hosted by mafic to 

intermediate meta-volcanic/sedimentary rocks 

(Afzal et al., 2013; Aliyari et al., 2011; Aliyari et 

al., 2007).  

Kervian gold deposit: located in greenschist facies 

metamorphic complex (Heidari et al., 2008). 

Chah-Bagh gold occurrence 

(Muteh Mining District with ten 

gold deposits and occurrences) 

The central part of the 

Sanandaj-Sirjan 

metamorphosed zone 

of the Zagros orogenic 

belt 

Muteh Mining District: hosted by schist-gneiss, 

subsidiary amphibolite- quartzite and intruded by 

leucogranites, controlled by NW normal faults and 

joints (Moritz et al., 2006). 

Chah-Bagh gold mineralization: localized in shear 

zones, hosted by the NE-SW trending 

metamorphosed volcanic and volcano-

sedimentary rocks (Kouhestani et al., 2008). 

Sari Gunay epithermal gold 

deposit (Richards et al., 2006; 

Mahmoodi et al., 2012) 

South-east of the 

Kordistan province  
Located at the Ghorveh-Bijar belt (located 

between and sub-parallel to the Sanandaj-Sirjan 

metamorphic belt and the Orumieh-Dokhtar 

volcanic belt) of NW–SE trending structurally 

controlled volcanics. 
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5.2– Structural indicators 

The main gold deposits in the world have been 

controlled by structural factors and thus the 

combination of the structural indicators such as 

the lithology and faults maps with alteration 

indicators would be helpful in gold 

mineralization mapping. Some examples of the 

world gold deposits as well as the known gold 

deposits in the NW Iran and their structural 

characteristics are summarized in table 5. A 

review on the known gold deposits in the world 

and especially around the study area indicates 

that lithological units, including metamorphic 

and igneous rocks as well as the structural shear 

zones or highly fractured areas are efficient 

indicators of the high probability of gold 

mineralization.  

For investigation of the structural characteristics 

of the region regards the gold mineralization, 

faults map was generated by digitizing related 

1:100,000 geologic maps covering the study 

area: Ahar, Kaleybar, Lahroud and Meshkin 

Shahr. The Euclidian distance from the faults 

was then created by ArcGIS and practiced as a 

weighted factor map. For this purpose, the 

resultant distance map was normalized between 

0-1 and subtracted from one. So, the weights 

were decreased as the distance from the faults 

was increased. The lithological units of the 

study area were extracted from the 1:250,000 

scale Ahar geologic map and weighted based on 

the main rock types described in table 1. 

Lithological units and faults extension at the 

study area are presented in figure 6. 

6– Combination of results 

Integrating remotely sensed data with structural 

characteristic of the study area provides the 

opportunity of identifying the location of the 

favorite areas for mineral deposits (Durning et 

al., 1998). GIS can easily produce mineral 

favorability maps by integrating the results of 

different investigations such as geological, 

geophysical and geochemical studies. Using a 

powerful weighting method, GIS provides a 

better prediction on the mineralization potential 

(Poormirzaee and Oskouei, 2010). 

 

Figure 5) The categorized primary gold favorability 

map based on the alteration indicators derived from 

the FPCS method. 

Thus, indicator factor maps were integrated in 

ArcGIS desktop through weighted overlay to 

improve the precision and accuracy of the gold 

favorability map. These factor maps were 

overlaid according to the weights assigned 

based on the AHP method considering their 

relative importance in the gold mineralization 

mapping. So, the alteration maps were given 

higher weights in comparison to the structural 

maps because of their importance in economic 

ore body recognition. In fact, the simultaneous 

occurrence of the clay minerals and iron oxides 

is an essential criterion for gold mineralization 

exploration by remote sensing techniques. Both 

of the alteration maps from band ratio and FPCS 

techniques were equally weighted due to their 

similar importance. 

In the case of structural factors, higher weight 

was assigned to the faults considering the 

stronger relation of the primary gold 

mineralization with hydrothermal processes and 

fault systems. The weights assigned for the 

factor maps and their categories are shown in 

table 6. The resulted gold potential map was 
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categorized and validated based on the 10 

known Au indices and ore bodies in the study 

area. The final gold favorability map of the 

study area is represented in figure 7. The known 

Au signatures extracted from National 

Geosciences Database of Iran (www.ngdir.com) 

are also remarked on the final gold favorability 

map. 

 

Figure 6) Lithological units and faults extension at the study area. 

7– Validation of results 

The known Au indices and ore bodies in the 

study area were utilized to examine the accuracy 

of the applied method for gold exploration 

which were extracted from the national 

geosciences database of Iran site for Ahar, 

Kaleybar, Lahroud, Meshkin Shahr sheets at the 

scale of 1:100,000. As implied from the final 

map (figure 7), determined potentials are 

strongly coinciding the previously found Au 

indices. Quantitative assessment of the results is 

also illustrated in table 7. This table presents the 

total number of known Au indices and ore 

bodies in different gold potential zones. 
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Table 6) Weights of the factor maps assigned by AHP method. 

S
tr

u
ct

u
ra

l 
F

a
ct

o
rs

 

Factor Maps Weights Classes Scores 

Fault Map 22% <760.47 1 

  
760.47-1749.91 3 

  
1749.91-3067.96 5 

  
3067.96-4716.64 7 

  
>4716.64 9 

Lithological outcrops 14% Residential Area or Landslide 1 

  
Sedimentary 4 

  
Volcano-sedimentary 5 

  
Sedimentary-Metamorphic 6 

  
Volcanic 7 

  
Volcanic-Metamorphic 8 

  
Altered Zone 9 

A
lt

er
a

ti
o

n
 F

a
ct

o
rs

 

Band Ratio Alteration Map 32% Low 1 

  
Medium 5 

  
High 9 

FPCS Alteration Map 32% Low 1 

  
Medium 5 

  
High 9 

 

 

Figure 7) Final gold favorability map alongside the known Au indices and ore bodies at the study area. 

The last column indicates the frequency ratio 

coefficient (FRC) that normalizes this number 

with each zone’s area measurement. As implied 

from the table, the FRC for the high potential 

zone is considerably high and thus emphatically 

confirms high performance of the proposed 
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method for gold mineralization potential 

mapping. 

 

Table 4) Quantitative assessment of the results of Au potential mapping. 

Au Potential Number of indices and ore bodies Coverage (Km
2
)  FRC (Number

%
/Coverage

%
) 

Unfavorable 2 1890.33 0.52 

Favorable 3 2271.35 0.65 

Most Favorable 5 788.43 3.14 

8– Conclusions 

Current paper was aimed to present the 

efficiency of multispectral ETM
+
 imagery in 

primary gold mineralization exploration which 

was conducted by integration of different data 

layers from different sources. Alteration maps 

extracted by band ratio and FPCS methods were 

combined with the structural data layers 

including lithological units and faults maps in 

ArcGIS environment, according to the weights 

assigned by the AHP method based on their 

relative importance in gold mineralization. The 

final gold potential map was validated using the 

location of known Au indices and ore bodies 

indicating the high performance of the proposed 

procedure and representing the overall trend of 

mineralization in the field. Therefore, the 

application of multispectral remote sensing 

techniques in conjunction with the structural 

analysis is a reliable method for mineral 

exploration. As well, it is rapid and cost 

effective in comparison to the other exploration 

methods. 
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