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Abstract— Evaluating the conventional methods for 
mapping hydrothermal altered deposits by using landsat-
8 OLI images in the Baft one to one hundred thousand 
geological Sheet is the prime target of our study. We used 
the color composite, band ratio, principal component 
analysis. The color composite and band ratio methods 
showed very clearly the hydrothermal altered deposits of 
clay minerals, iron oxides and ferric oxides around the 
fumaroles. The principal component analysis also 
enabled us to represent undoubtedly the altered hydroxyl 
and iron oxide mineral deposits of this region 
concentrating around the fumaroles. Finally, the target 
detection method for reference spectral analysis by using 
EnvI 4.8 detected the representative hydrothermal altered 
minerals around study area. Therefore, all the methods 
showed high efficiency for mapping hydrothermal altered 
mineral deposits. 
Keywords— Baft, Hydrothermal Alteration; OLI, Band 
Ratio, PCA. 

 
I.  INTRODUCTION 

The definition of hydrothermal alteration is the reflection 
of response of preexisting, rock forming minerals to 

physical and chemical conditions different than those, 

under which they originally formed, especially by the 
action of hydrothermal fluids[1]. The hydrothermal fluid 
processes alter the mineralogy and chemistry of the host 
rocks that can produce distinctive mineral assemblages 
which vary according to the location, degree and duration 
of those alteration processes. When these alteration 
products are exposed at the surface, they can be mapped 
as a zonal pattern. They appear concentrically around a 
core which has the highest grade alteration and greatest 
economic interest. The importance of the recognition of 
such spatial patterns of alteration makes the ‘remote 
sensing technique’ one of the standard procedures in 

exploration geology, due to its high efficiency and low 

cost [2]. 
There are many studies around the world related to 
hydrothermal alteration mapping using multispectral 
satellite images especially, Landsat and Aster (e.g., [3]–

[6]). Thematic mapping multispectral images from 
Landsat satellites cover the visible and infrared spectrum 
of hydrothermal alterations [7], [8]. The major types of 
alteration found in volcanic areas are potassic, phyllic, 
argilic, propylitic, and silicification. Each type of 
alteration has diagnostic minerals in their respective 

rocks. Satellite imaging plays an efficient role in 

differentiating the representative minerals for the different 

types of alterations. Hydrothermal alteration could also be 
used to locate faults in any volcanic area. Usually, the 
alteration zones are correlated with the discharged flows 
from the volcanic reservoir, and with the main structures 
that control the permeability of the reservoir and the cap 
rock. So, locating hydrothermally altered rocks in the 
surface can help to determine the presence of up flows 
from the volcanic reservoir. 
Previous studies explained the fact that certain minerals 
associated with hydrothermal processes, such as iron 
bearing minerals (e.g., goethite, hematite, jarosite and 
limonite) and hydroxyl bearing minerals (e.g., kaolinite 
and K-micas) show diagnostic spectral features that allow 
their remote identification [9]. Iron oxide is quite a 
common constituent of alteration zones associated with 
hydrothermal sulphide deposits [10]. The major iron 
oxide species – goethite, jarosite, and hematite that are 
formed from the weathering of sulfides absorb energy at 

different frequencies in the VNIR/SWIR [11], providing a 

means of discrimination using hyperspectral scanners 
[12]. Hydroxyl bearing minerals form the most 
widespread product of alteration. 
The main target of our study is to detect and map the 
hydrothermal altered minerals in study area by using 
satellite imaging information by the conventional 
methods, i.e., color composites, band ratio, PCA. 
Fig.1 shows the Location of our study area. 
 

II.  LANDSAT-8 OLI/TIRS DATA 
Landsat-8images of Baft area was obtained from the US 
Geological Survey Earth Resources Observation and 
Science Center (http://earthexplorer.usgs.gov ).The image 
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map projection is Universal Transverse Mercator zone 
40N (polar stereographic for Antarctica) from the WGS 
84 datum. The OLI features two additional spectral 
channels with advanced measurement capabilities: a deep 
blue band for coastal water and aerosol studies (band 1, 
0.433–0.453 m, 30 m pixel size), and a band for cirrus 
cloud detection (band 9, 1.36–1.39 m, 30 m pixel size). 
The TIRS collects data in two long wavelength thermal 
bands (band 10, 10.30–11.30 m,100 m pixel size; band 
11, 11.50–12.50 m, 100 m pixel size), which have been 
co-registered with OLI data. Table1 shows Landsat-8 OLI 
properties. 
 

III.  PRE-PROCESSING OF LANDSAT-8 OLI/TIRS 
DATA 

The Landsat-8 image of the target site was processed with 
Environment for Visualizing Images version4.8 software. 
Landsat-8 data were converted to surface reflectance by 
the internal average relative reflection method [13], which 
is recommended for calibration in mineralogical mapping, 
as it does not require prior knowledge of samples 
collected in the field. During atmospheric correction, raw 
radiance data from an imaging spectrometer is rescaled to 
reflectance data, and therefore all spectra are shifted to 
nearly the same albedo. The resulting spectra can be 
compared directly with laboratory or filed reflectance 
spectra. Panchromatic and cirrus cloud bands were not 
used in this study. 
 

IV.  COLOR COMPOSITES 
Three additive colors (i.e., red, green and blue) were used 
to display multispectral bands in the color composite 
method where the spectral response of the minerals 
indicates a maximum in their reflectance. This 
enhancement is achieved by combining bands in the 
visible and the infrared portion [14].  
 

V. BAND RATIO 
The band ratio is a technique that has been used for many 
years in remote sensing to display spectral variations 
effectively (e.g., [15]). It is based on highlighting the 
spectral differences that are unique to the materials being 
mapped. Identical surface materials can give different 
brightness values because of the topographic slope and 
aspect, shadows, or seasonal changes in sunlight 
illumination angle and intensity.  
These variances affect the viewer’s interpretations and 
may lead to misguided results. Therefore, the band ratio 
operation could be able to transform the data without 
reducing the effects of such environmental condition. 
In addition, ratio operation may also provide unique 
information that is not available in any single band which 
is very useful for disintegrating the surface materials [16]. 

The band ratio images are known for enhancement of 
spectral contrasts among the bands considered in the ratio 
operation and have successfully been used in mapping of 
alteration zones [17].  
 

VI.  PRINCIPAL COMPONENT ANALYSIS 
(PCA) 

The principal components analysis (PCA) uses the 
principal components transformation technique for 
reducing dimensionality of correlated multispectral 
data. The analysis is based on multivariate statistical 
technique that selects uncorrelated linear 
combinations (eigenvector loadings) of variables in 
such a way that each successively extracted linear 
combination, or principal component (PC), has a 
smaller variance [18]. The statistical variance in 
multispectral images is related to the spectral 
response of various surficial materials such as rocks, 
soils, and vegetation, and it is also influenced by the 
statistical dimensionality of the image data[19]. 
Eigenvector loadings (eigenvalues) give information 
using magnitude and sign of about which spectral 
properties of vegetation, rocks and soils are 
responsible for the statistical variance mapped into 
each PC, and this is the basis of the Crosta technique. 
 

VII.  DISCUSSION 
In the case of Color composites Fig.2 shows 
hydrothermal alteration zone as deep green and blue 
(RGB as 5:7:3). 
From the theoretical knowledge of mineral’s spectral 
properties, it is well recognized that the Landsat-8 bands 

ratios of (
4 6 6

, ,
2 7 5

 ) are analyzed for iron oxides, 

hydroxyl bearing minerals, ferrous oxides, respectively. 

The applied Abrams ratio (
6 4 5

, ,
7 3 6

) illustrated the 

hydrothermal altered iron oxide as green and clay 
minerals as red color (Fig.3). Minerals containing iron 
ions, vegetated zones and hydroxyl minerals show 
respectively red, green and blue color using Kaufmann 

ratio (
7 5 6

, ,
5 4 7

) (Fig.4). Using Chica-Olma ratio (

6 6 4
, ,

7 5 2
),altered clay minerals as will be obtain red, iron 

ions as green and ferrous oxide as blue color (Fig.5). 
From these entire analysis maps, the region with high 
concentrated iron minerals was found. 
In the case of Principal component analysis (PCA), it 
could be predicted that iron oxides will be 
distinguished by bright pixels in PC4 of Table2 
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(Fig.6). Hydroxyl bearing minerals are mapped as 
dark pixels in PC5 due to the fact that the 
contribution is negative from Band 6 and positive 
from Band 7 in this PC, so they could be shown by 
bright pixels in –PC5 Form (Fig.7). 
Note that in this project, band 6 has been used as 
background for a better illustration of minerals, so the 
bright pixels will be shown by rainbow colors.  
 
 

VIII.  CONCLUSIONS 
We evaluated the applicability of Landsat-8 data for 
obtaining geological information on hydrothermal 
alteration, with selected image-processing methods. 
In the study area, Landsat-8 bands yielded 
information that allowed identification of vegetation, 
iron oxide and hydroxide and clay and carbonate 
minerals, silicate mineral and lithological units for 
the exploration of Hydrothermal deposits. 
After using the conventional alteration mapping 
methods on the Landsat image in the study area, we 
found that the color composite and band ratio 

methods showed their efficiency to define the area of 

hydrothermal alteration. Principal component analysis 
illustrated the iron oxides and hydroxyl altered 
minerals area of this region very clearly. We have 
mapped successfully the spatial distribution of 
goethite, hematite and clay minerals of our study area 
using conventional methods. In conclusion, we found 
all of the hydrothermally altered minerals in study 
area. So, it is quite clear that all these methods are 

quite efficient to delineate hydrothermal alteration 

products using Landsat-8 OLI images in study area. 
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Fig.1:Location of our study area, Baft 1:100000 

geological Sheet, Iran [20]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table.1: Landsat-8 OLI properties 
(http://landsat.usgs.gov )  

 
 

 
Fig.2: Hydrothermal alteration zone as deep green and 

blue (RGB as 5:7:3) 
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Fig.3: Abrams ratio (
6 4 5

, ,
7 3 6

) illustrated the 

hydrothermal altered iron oxide as green and clay 
minerals as red color 

 
Fig.4: Minerals containing iron ions, vegetated zones and 
hydroxyl minerals show respectively red, green and blue 

color using Kaufmann ratio (

7 5 6
, ,

5 4 7 ) 

 
Fig.5: Altered clay minerals as red, iron ions as green 

and ferrous oxide as blue color Chica-Olma ratio (

6 6 4
, ,

7 5 2) 
 

Table.2: PCA analyses results for study area 
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Fig.6: Iron oxides are distinguished by rainbow 

colors in PC4 

 
Fig.7: Hydroxyl bearing minerals by rainbow colors 

in –PC5 
 


