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Abstract: - Many ore deposits are first detected in the field by the recognition of hydrothermally altered host rocks, and
are typically zonally distributed. Ore deposits are often produced by fluid flow processes that alter the mineralogy and
chemistry of the country rock. One of the main reason for extention using a multi-spectral and hyperspectral sensor is
due to detect the optical characteristics of the Earth’s surface using hundreds of spectral bands. All previous studies
show that remote sensing has a important impress to detection alteration zones one of the most important steps in
exploration studies is indicating the productive geological units that are the result of surface features caused by
effective factors in forming a deposit. Thus, Figuring out the regions with potential of a hydrothermal alteration could
be one of the important factor in recognizing the regions of these deposits. In this study We used different image
analysis methods such as Ls-fit and Crosta method and Band Ratio and False Color Composite methods for detection
of mineralogy and alteration on a set of ETM+ data of Behabad zone, central of Iran. At the end We identified several
alteration minerals within the study area. We successfully detected and mapped hydrothermal alteration and minerals
such as chlorite minerals, epidotes and gypsum . The result shows hydrothermal alteration, which can be a model in
indicating the productive units in this region.
Key-Words: - Behabad zone, alteration mapping , ETM+ data, Ls-fit method, Crosta method, False Color Composite,
Band Ratio.
fluid processes that substantially alter the
mineralogy and chemistry of the host rocks. This
alteration can produce distinctive assemblages of
minerals that vary according to the location,
degree, and longevity of those flow processes.
When exposed to the surface of the Earth this
alteration can sometimes be mapped at a zonal
pattern [3]. The main goal of this study is to
mapping hydrothermal alteration and mineralogys
such as chlorite minerals, epidotes and gypsum by
using different image processing like Ls-fit and
Crosta method and Band Ratio and False Color
Composite methods. Finally, accuracy of the
outcomes of above mentioned methods were
checked the comparison with the field
observations. In this research, image processing
was performed on the ETM+ satellite imagery data
in Behabad to map spectral signatures associated
with the hydrothermal alterations. the result of
using above techniques indicates the good
interesting of hydrothermal alteration at the zone
that coincide to the Zn-Pb
mineralization
recognized previously in the study area. This area,
therefore, has suitable potential for new

1 Introduction
No doubt, one of the most important tools to
understanding phenomena and their conditions on
the ground, especially remote and impassable areas
where there is no access to them for various
regions such as war, is imagery and because of this
reason extensive range of remote sensing systems
of air and space for mining industry (registering
minerals) are available and useful . A diversity of
previous researches has proved the reliability of
multispectral data analysis in the field of alteration
detection. Among them, Landsat data because of
their broad coverage and popularity are particularly
important [1]. Remote sensing data has a good
ability for indicating the altered areas associated
with deposits and as a result exploration of mineral
deposits specially in dry areas, whereas satellite
images as their extended regional coverage,
multispectral and multitiming features can be used
in indicating states, belts, mineralization areas and
controllers of mineralization like stone type,
contacts, linear and circular structures as well as
preparing Basis Geological Data can be useful [2].
Economic mineralization is often produced by
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explorationary targets.maps, in a way that these
alteration could be used for base metal and
evaporate
minerals
coparative
exploration
surveying.

1.1

3

Study area

The Behabad zone is located in the east of Yazd
city in province of Yazd in central Iranian
continental terrains, as part of the larger AlpineHimalayan orogenic system. It is located between
56˚ 00' and 56˚ 30' E and between 31˚ 30' and 32˚
00' N. This zone is extended from Poshte-Badam
block in the west to the Tabas block in the east
exposing a faulted facies like them. The Behabad
covered
by
cenozoic
alluvial
including
interbeddings of tin clay and salts.

2

LS-Fit method

Both least square fit (Ls-Fit) and Crosta methods
were performed on the data to map spectral
signatures of hydrothermal alterations (i.e. clay
minerals and iron oxides), While LS-Fit method
performs a linear band prediction using a least
squares fitting technique. It can be used to find
regions of anomalous spectral response (e.g. altered
clay minerals and Iron oxides) in a data set. It
calculates the covariance of the input data and uses it
to predict the selected band as a linear combination
of the predictor bands [4]. Figure 1 illustrates an
output image of the LS-Fit model to map the
distribution of clay alterations as dark pixels. This
map was created by using all the 6 visible and short
wave infrared (SWIR) bands as the input bands and
band 7 as the modeled band. In addition, since the
Fe-oxidation is usually associated with hydrothermal
alteration, the ETM+ data of the Behabad area were
also processed to map Fe-oxides, by using Ls-Fit
method. In this case, the ferrous Fe oxides show an
absorption features across band 3, this band was
therefore used as a model band to map iron
oxides(e.g. hematite) [4].We mapped hematite, clay,
and goethite by using residual band 3, residual band
7 and residual band 1. The dark pixels indicate
abovementioned minerals in these images (Fig.
1,2,3) [5]. Here, it is important to use visible and IR
bands to calculate the residuals of these bands.
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Crosta Technique

The principal component transformation is a
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 [6].
The main aim of PC analysis is to remove
redundancy in multispectral data. Principal
component analysis is widely used for mapping of
alteration
in
metallogenic
provinces
([7];[8];[9];[10];[11];[12]). Often times PCA is used
to either reduce the dimensionality of the data
processed in a target detection algorithm, or to
reduce the noise in the hyperspectral imagery.
Typically to reduce the dimensions of a data set a
selection of a certain number of PCA bands is made
so that certain percentage of the total variance in the
data is preserved[13].
Crosta technique is also known as feature oriented
principal component selection. Through the analysis
of the eigenvector values it allows identification of
the principal components that contain spectral
information about specific minerals, as well as the
contribution of each of the original bands to the
components in relation to the spectral response of
the materials of interest. This technique indicates
whether the materials are represented a bright or
dark pixels in the principal components according to
the magnitude and sign of the eigenvector loadings.
This technique can be applied on four bands of
ETM+ data ([14]; [15]).
The
principal
component
transformation
(eigenvectors and eigenvalues) described in Table 1,
is performed by using four ETM+ bands as input
bands (bands 1, 4, 5 and 7) for OH minerals. The
study of Spectral reflectance curves for Clay
minerals, indicates that the clay minerals have
absorption in band 7 and Reflection in band 5.
Therefore, it is expected that these bands have
higher loadings of through PC analysis, but with
opposite sign. PC4 has, then, a negative contribution
of band 5 and positive contribution of band 7.
Therefore, pixels that have hydroxyl minerals will be
darker in the final hydroxyl image. But in order to
show the areas with hydroxyl minerals in bright
pixels an inverse of this PC is obtained by using PC4
(Fig.4).The same technique is used on 4 Bands
(Bands 1, 3, 4, and 5) to enhance iron oxides
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Figure 1 Ls-Fit image of Behabad
area (SWIR-b7 as the modelled band)
showing Clay alterations as dark
pixels.

Figure 2.Ls-Fit image of Behabad are(SWIR-b3
as the modeled)showing hematite alteration
as dark pixels

Figure 3 Ls-Fit image of Behabad
area (SWIR-b1 as the modelled band)
showing Goethite alterations as dark
pixels.

Table 1 Eigenvalues calculated for principal components of data for OH minerals
Eigenvector

Band1

Pc1
pc2
pc3
pc4

0.470182
0.837168
0.174953
0.217877

Band4
0.314566
0.120692
-0.79529
-0.50397

Band5
0.585715
-0.44441
-0.23796
0.634678

Band7
0.580444
-0.29511
0.529407
-0.54381

Table 2 Eigenvalues calculated for principal components of data for Fe oxides minerals
Eigenvector
pc1
pc2
pc3
pc4

Band1
0.51048
0.649948
0.505303
0.248287

Band3
0.503134
0.231668
-0.46789
-0.68867

Band4
0.338327
-0.02125
-0.64908
0.681013

Band5
0.609754
-0.7235
0.323184
-0.01748

Figure 1 The eigenvalues proportions for each eigenvector calculated by PCA transformation
According to reflectance of iron oxides, these
minerals have absorption feature in band 3 and
strong reflection in band1. These two bands have,
therefore, higher loadings through PC analysis, but
again with opposite sign, and the pixels with more
abundances of iron oxides minerals will be darker in
the final image. In order to show the areas with Iron
oxides minerals in bright pixels, an inverse of this
PC is obtained by using PC3. The results of
principal component analysis are illustrated in table
2 and Figure 5 is the image of PC3.

Figure 5 This image is obtained by using the
eigenvector loadings of PC3 to enhance iron
oxide. The bright pixels are the areas with iron
oxide.

Hydrothermal alteration zones determined
by
display the places where both iron oxide and
hydroxyl minerals are exist .by attention to the two
images of
hydroxyl and fe-oxide minerals seen
Figure 4 This image is obtained by using
the eigenvector loadings of PC4 .the
hydroxyl image shows the altered areas
in bright pixels
ISSN: 1790-5095
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false color composit technique.the first combnation
is A false colour composite image of Bands 7 (in
red), 4 (in green) and 1 (in blue) is generated,which
provides a wide range of colors for rocks and
geological units of the region and it is very useful
for attaining basic information in dray and semiarid
areas. experience of researchers in different areas
has proven that this combination of color is very
ideal ,which has a high OIF (optimization
index)[16].In this combination, vegetation cover is
shown in green and natural color, clay minerals are
shown is bright red or blue/violet identify the altered
areas (Fig.7).

that, have good coinciding with to each other. For
showing the final mapps of hydrothermal alteration
with the PCA method, images of hydroxyl and feoxide mineral
integrated .the final map of
hydrothermal alteration interpret by color composite
. As the composite of hydroxyl minerals ,integrate
of hydroxyl and fe-oxide,fe-oxide is displayed
respectively in red,green,blue channals;the yellowish
white are altered areas (Marked by ellipses and
circles in Figure 6)

Figure 6 This image is obtained by
making RGB of hydroxyl image (red),
iron oxide image (blue) and average of
these two images (green). Mireralization
index are showing with circles Celtic
cross.

Figure 7 Red–Green–Blue colour
composite of Bands 7, 4 and 2.

3 False color composition

in false color composite image of Bands 4 (in red),
7 (in green) and 2 (in blue) is generated,altered
zones are seen in pale green,white and pale purple as
well (Fig.8). obtained map shows that this color
combination detects the alteration zones well and
perhaps will be suitable for identifying hydroxyl
zones[4].

Since, most satellite images are available in
multiband formats, so review of a single band in a
period of time does not give much information.
Knowing the interactions between different
wavelengths is very important to identify features
and different types of land cover and representing
the more than one band simultaneously on image
processing system and preparing multiband version
will be useful and effective. This is almost available
through using color composite images. A color
composite of separate multispectral bands with blue,
green, red, (RGB) colors is the most often shown
form. Although this approach may seem simple, but
in choosing the bands and displaying colors we
should be careful in a way that the events be
displayed correctly and with colors which are
understandable for the user. The bands of ETM+
sensor can not identify the separate minerals,
because of having a large width in electromagnetic
spectrum but the group of minerals which are index
minerals of hydrothermal zones and their spectral
features are in the near infrared and middle infrared
range could be identified. so we can identify
allteration zones by register their index minerals via
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Figure 8 Red–Green–Blue colour composite of
Bands 4, 7 and 2. altered zones are seen in

pale green,white and pale urple as well.
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4

Use of band ratio for Identifying
the minerals in Behabad area

Band Ratio method that is extensively used for
Lithologic studies is the result of subdividing the
Figures of two bands and the result is considered for
related pixel, in this method, images are produced
that radiations differences which are constant from
one specific band to Specific band to another, being
emitted and desired radiation different are attributed
to the spectral reflections of earth materials.

4-1 determining the zones including chlorite
and epidote

( 4/79:Red–Green–Blue
2/7: 3/7 )3-colour

Figure
composite of ratio 4/7 , 2/7 ,3/7. Dark
pixels are contain gypsum

Chlorite is a phylosilicate and epidote is
sorosillicatandboth contains Fe as well as hydroxyl
.the ratio 2/7 (in red),2/5 (in green),2/3 (in blue) is
shown in Figure 9 respectively that these ratio are
decreasing in zone including clay minerals as
experienced. in the resulting map white areas are the
zones which contain chlorte and epidote[17].

5 Conclusion
The use of satellite images during the early stages of
mineral exploration was very successful and has
important role in recognized hydrothermally alteration
and mapping the minerals and detecting effective
features on mineralization such as contacts, linear and
circular structures. In this study, we investigated the
importance and reaability of Ls-Fit method and Crosta
Technique and color composition for analysis
multispectral data for exploration targets.ETM+ data
has been used for detecting hydroxyl and iron oxide
minerals and also detecting cholorite , epidote and
gypsum in the Behabad zone, central part of Iran.
in this research different image processing has been
done. finally the results was checked with field
observation. According to the finding of this study,
detected hydrothermal alteration, have good correlation
with the index of mineralizations in Behabad area as
some of Pb-Zn Index were at the alteration zones that
showed in Figure 6 . We can conclude by attention to
the results that the Crosta technique can be used as a
very reliable method for enhancing the areas with
hydrothermal alteration as a fast and cheap tool for
exploration of base metal mineralization in the Behabad
zone in central Iran, rather than other methods was
used in this study.

Figure 9 Red–Green–Blue colour
composite of ratio 2/7 , 2/5 ,2/3.
white areas are the zones which
contain chlorte and epidote.

4-2 determining the zones including gypsum
by attention to the field study of the behabad
region, marl and clay are surrounding the wide
areas of this region which are the hopeful areas for
exploring gypsum. the ratio 4/7 (in red),2/7 (in
green),3/7(in blue) is shown in Figure 10. that dark
pixels are may be contain gypsum[17].
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