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Abstract 
Bavanat red bed copper deposits (Jolani area) are located in south Sanandaj-Sirjan 

metamorphic belt and approximately 15 km NW of Bavanat. In terms of lithology, these 
deposits include purple to red siltstone(PSS) which are also seen among the layers of 
green sandstone(GS). Copper mineralization such as malachite is observed in the GS 
unit at the surface. Both PSS and GS units have Jurassic age. The current study, has 
used Landsat 8 and SPOT 5 images for RS processing. This study indicated that 
RGB=432 color composite in SPOT 5 image has the best contrast for enhancement and 
detection of PSS and GS units. Only the Landsat 8 fused image has been able to 
enhance and detect the GS unit. Also, based on band ratio technique, RGB=(b6/b2), 
(b5/b3), (b7/b1) color composite for Landsat 8 data, has the best contrast for PSS and 
GS units. PCA method shows that RGB=PC4, PC2, PC1 for Spot 5 data and RGB=PC1, 
PC2, PC3 for Landsat 8 data have the best contrast for enhancement and detection of 
the Bavanat red bed copper deposits. In this study, different methods of supervised 
classification such as SAM, SID and SVM were reviewed. Among these methods, SVM 
technique has the best layout for SPOT 5 image. This important layout as a basic 
geological map, can be very useful in additional exploration studies on the Bavanat red 
bed deposits. 
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Introduction 
Red bed copper deposits, are an important group of 

sedimentary copper deposits that introduced by 
Emmons [1] for first time. In red bed deposits, the host 
rock can be concordant or interbedded layers with red, 
purple and violet sandstone, siltstone or conglomerate 
formed in deltaic, river or aeolian origin environments 
[2]. Red bed copper deposits, have been studied in 
different parts of the world. One of the most famous 

deposits, is Nacimiento   deposit in USA, that have been 
studied by various scholars including Woodward et al., 
[3], Talbott [4], Kirkham [5], and Cox et al., [2]. Also, 
these sedimentary copper deposits have been introduced 
in Iran for example by Aghazadeh and Badrzadeh [6], 
Noori Khankahdani and Karimi [7], Karimi [8], 
Hassanpour and Senemari [9], Sadati et al., [10], 
Azaraien et al., [11], Rajabpour et al., [12] and Noori 
Khankahdani and Karimi [13]. The use of remote 
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Discussion 
Bavanat red bed copper deposits similar to other 

known reserves in the world, are important in terms of 
copper mineralization and other precious elements such 
as silver and cobalt [5 and 32] and it is necessary to 
study the area a lot more because the geological data of 
these rock units still are not fully available. Red bed 
deposits of this area is called PSS unit and includes 
interbeds of green sandstones (GS unit). As a matter of 
fact, copper mineralization has occurred in the GS unit. 
Walker [33] believes that the reserves of the red layer of 
the red represents the oxidized zone while the green 
color indicates the reduction conditions of the 
sedimentary environment, especially due to the action of 
organic matters. Also, Hitzman et al., [34] argue that 
copper mineralization forms on the border between red 
and green units. The purpose of current study, was 
enhancement, detection and slicing of PSS and GS units 
from adjacent units and it confirmed that combining 
field and remote sensing data can have trustful results 
for identifying and separating these units. During field 
studies 38 points from PSS was reviewed and their 
positions were recorded by GPS. Both microscopic and 
hand samples studies, proved occurrence of copper 
mineralization such as malachite in GS unit. Based on 
RS studies, SPOT 5 data have the ground resolution for 
enhancement and detection of both PSS and GS units 
but Landsat 8 is just able to enhance PSS unit. This 
issue can be related to higher ground resolution of 
SPOT 5 data compared to Landsat 8 data. Taking this 
subject into account has led to the use of data fusion 
techniques which fortunately was effective. These 
techniques created a high enhancement for GS unit from 
other units. Also, based on current study, Gram-Schmidt 
method has had more efficiency compared to other 
methods for enhancement of GS unit. The use of other 
techniques such as band ratio and PCA methods has 
been effective and has brought in more enhancement 
and detection for PSS and GS units. Band ratios is a 
general term to describe the processes that combine the 
pixels of two or more raster layers in mathematical 
combinations in order to enhance the spectral 
differences between bands and reduce the effects of 
topography [28]. In band ratio method, color composite 
with RGB=(b6/b2), (b5/b3), (b7/b1) has the best 
contrast for PSS and GS units. But it is interesting to 
know that this method has no positive results for SPOT 
5. The principal component analysis method is generally 
applied in two approaches: standard and selective 
formats. In the standard method, all bands are used to 
construct the components and in fact, the number of 
bands is equal to the number of principal components 

(PCs). But in a selective approach some of the bands 
that demonstrate specific anomalies for the subject 
matter are selected and component analysis is 
performed solely on the basis of these bands to increase 
the probability of highlighting the subject of interest 
[35]. Between these two methods, the standard PCA 
method has been more effective in demonstrating PSS 
and GS units and therefore has been used. Also, 
RGB=PC4, PC2, PC1 in SPOT 5 and RGB=PC1, PC2, 
PC3 in Landsat 8 have caused more contrast in the 
studied units with surrounding units. Various methods 
of supervised classification have been applied. The 
basic premise in multi-spectral computer classification 
is that terrestrial objects possess sufficiently different 
reflectance properties in different regions of the 
electromagnetic spectrum [36]. Based on these spectral 
properties, earth surface features can be discriminated 
and create a new output image with a specific number of 
classes or categories [37]. The result of all of these 
studies illustrated that among the SAM, SID and SVM 
methods, support vector machine(SVM) has the best 
performance in detection and slicing of PSS and GS 
units therefore, this supervised classification method is 
recommended for other areas with similar conditions. 
Results validation was confirmed in 95% of ground 
control points, this issue indicates the classification 
image which prepared in these studies has a high 
accuracy for future research.The classification image 
created in these studies, can be used as a basic 
geological map in the exploration studies for copper 
mineralization and other precious elements in Bavanat 
red bed deposits. 

 
Conclusions 

In current studies, simultaneous use of field and 
remote sensing data has been effective in enhancement, 
detection and slicing of Bavanat Redbed copper 
deposits and led to the provision of a basic geological 
map of these reserves (Fig. 13). This map can be used in 
future supplementary studies as so all green points on 
figure 13 can be considered as a point with copper 
mineralization potential. Furthermore, although the 
Redbed deposits are mainly important in terms of 
copper mineralization, they contain other valuable 
elements such as silver and cobalt as a byproduct. As a 
result, the supplementary studies model of Bavanat area 
can be changed from a single-dimensional to a multi-
dimensional model so that examine more 
mineralizations along with copper mineralization in the 
area. 
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