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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=PCl1,
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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sensing techniques in detection and slicing of mineral
deposits results in saving time and money, as well as
increase in the accuracy of the operation, therefore, it
has been considered by many researchers. The purpose
of such techniques is to integrate field and RS data
using more accurate digital methodsto perform the
enhancement, detection and slicing of various units
[14]. Several researchers have used remote sensing
techniques in order to detect and explore mineral
resources. For example, Noori Khankahdani and Zarei,
[15], Honarmand et al., [16], Pour and Hashim, [17],
Hosseinjani Zadeh et al., [18], Alimohammadi et al.,
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[19] and Rajendran and Nasir, [20]. Due to the spatial
expansion of the red bed copper deposits in the Bavanat
area, simultaneous use of field data and remote sensing
techniques can be very beneficial for detection and
slicing of these deposits. In current study, this
combination was done and the results were quite
satisfactory.

The Geological Environmentt

According to Mohajjel and Fergusson [21], Bavanat
area is located in south section of Sanandaj-Sirjan
metamorphic zone (Fig. 1). An impotent lithological
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Figure 1. The location of Bavanat study area in Sanandaj-Sirjan metamorphic belt (base

map from Mohajjel and Fergusson, 2000).
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Figure 2. Location of the red bed copper deposits in the Jolani region, 15 km NW of Bavanat.
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unit outcropped in N-NW section of Bavanat valley
which is especially important in terms of copper
mineralization (Fig. 2). This unit includes purple to red
siltstone (PSS) with Jurassic age and has interbeds of
green sandstone (Fig. 3 and Fig. 4). In fact, copper
mineralization is observed in the exact same green

sandstone unit. Previous studies by Noori Khankahdani
and Karimi [7], Vahid [22], Chaman Ara [23], and
Noori Khankahdani and Karimi [13] have shown these
copper deposits are placed in red bed copper deposits.
Figure 5 shows hand sample and microscopic
images of PSS and GS (green sandstone) units. Copper

Figure 3. The outcrop of purple siltstone(PSS) and green sandstone(GS), View to NE, These lithological

units, form Bavanat red bed copper deposits.

Figure 4. Close up image of PSS and GS units (Bavanat red bed copper deposit) Dehbid-Bavanat road.

Figure 5. Copper mineralization as malachite in macroscopic(right) and microscopic scale(left).
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Table 1. Results of XRF chemical analysis of Cu-bearing green sandstone (Bavanat area) (Noori Khankahdani and Karimi,

2019).
Sample Si0, ALO; Fe,O; CaO MgO Na,O K,0 P,0; TiO, MnO SO; Cu L.O.1
% % % % % % % % % % % ppm %
T1S5 69.74 4.11 3.75 10.9 0.5 0.38 0.62 0.042 0.25 0.43 0 91 8.97
T1S6 56.58 20.73 8.15 1.35 2.72 0.66 431 0.126 0.78 0.01 0 18 4.16
T1S12 73.85 7.73 227 5.21 0.98 2.2 0.4 0.047 0.21 0.21 0 12826  5.19
T1S13 72.8 8.82 6.48 1.4 2.51 0.75 0.58 0.071 0.25 0.15 0 17797 391
MS18 75.86  9.47 473 1.29 2.04 1.13 0.73 0.069 0.29 0.12 0 5477 343
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< .g PSS: Purple Siltstone |3 » £
3 ] GS: (Greehn Sandstone |5 a8
= with copper 282
= 3 mineraligation) €Ca
SCG: Greenschist
x
g 2
e SCM: Micaschist 3
& ]
c o
.g SCG: Greenschist (with -
5 co&per massive T
o sulfide lenses) @
SCM: Micaschist
"
3
8 3
‘e -3
& £
£ TCM: Marble 3
(&} i
5 g 400 M
c o
S a2 200
[
o
0

Figure 6. Stratigraphic column of Bavanat red bed copper deposit, Noori Khankahdani and Karimi (2019).

mineralization in GS sample is in the form of Malachite
(CuCO3 (OH) 2). Table 1 has shown the results of
chemical analysis of a number of Cu-bearing green
sandstones in Bavanat region. These analyzes have been
performed in Kansaran Binalood company. Also, Figure
6 shows the stratigraphic column of the study area based
on Noori Khankahdani and Karimi studies [13]. The
main purpose of current studies is enhancement,
detection and slicing of PSS and GS units so that further
exploration can be focused on.
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Materials and Methods

In this research, field areas of the purple siltstone
(PSS) and green sandstones (GS) were studied first.
Table 2 shows the geographical coordinates of the PSS
and GS points. These points have been registered at the
WGS84 datum. Also, the position of these points is
shown on the SPOT 5 image (Fig. 7). The rock samples
have been studied in Shiraz Islamic Azad University
using a polarizing microscope. After field observations
and preliminary identification of PSS and GS units in
microscopic studies, Landsat 8 image with row and path
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Table 2. The geographical coordinates of the PSS and GS points.

Row X Y Type Row X Y Type
1 732661 3383414 GS 19 731506 3384634 GS
2 733056 3383357 GS 20 733145 3383301 GS
3 734652 3383615 GS 21 732795 3384653 PSS
4 733403 3383126 GS 22 733433 3384407 PSS
5 732695 3383441 GS 23 733631 3384142 PSS
6 733847 3383077 GS 24 734134 3383743 PSS
7 732427 3384804 GS 25 732826 3384788 PSS
8 731631 3385034 GS 26 732296 3385247 PSS
9 732301 3385072 GS 27 732428 3384922 PSS
10 732032 3385159 GS 28 733147 3384369 PSS
AR 732153 3385029 GS 29 734615 3383232 PSS
12 732322 3384482 GS 30 731822 3384168 PSS
13 732533 3384702 GS 31 732852 3383689 PSS
14 734262 3383816 GS 32 732285 3384625 PSS
15 732766 3384306 GS 33 732894 3384544 PSS
16 733681 3382877 GS 34 732894 3384544 PSS
17 734549 3383688 GS 35 733648 3382965 PSS
18 734151 3382599 GS 36 732566 3385038 PSS

73150ID 73240[0 73330ID 73420I0 735100
& E
E 73150‘0 73240l0 73330‘0 73420‘0 73510‘0 §
Figure 7. The position of acquired points on SPOT S image.
Note: Green Sandstone(GS)=green circle and Purple Siltstone (PSS)=red square.
162-39 (16/09/2018) and SPOT 5 image No. 157-289 Results

(24/08/2005) were utilized for remote sensing
operations. For this purpose, ENVI 5.3. software was
used. After pre-processing of data, different methods of
remote sensing such as construction of color
composites, data fusion, band ratio, PCA method and
supervised classification were used so that PSS and GS
units were detected and separated very well. The results
of each section is presented separately as follows.
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Color Composites

In order to build the best color composites, at first
spectral reflectance curves (Fig. 8) were plotted using
ground control points (Table 2). As previous studies
have indicated that the most suitable bands to create
color composite in one target, are the bands which have
the highest reflection for that target [24]. Figure 8 shows
spectral reflectance curves for Landsat 8 and SPOT 5.



Vol. 31 No. 4 Autumn 2020

ctral Profile

————————————A

|

(
Syv—v e

‘-._‘ SSnamans

|
|
|
|
%
|

K. Noori Khankahdani.

J. Sci. . R. Iran

—————————

i

6

|
[
!

of

[
[
oy
[

10

x10

Figure 8. Spectral reflectance curves for PSS unit in Landsat 8.a (right) and SPOT 8.b (left) images.
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Figure 9. a: (Right). Landsat 8 image(RGB=657), PSS unit is seen in black and is recognized from surrounding units easily, also,
in the Landsat 8 image, the GS unit is not visible. B: (Left). SPOT 5 image (RGB=432), PSS unit is seen as black and GS unit

appears as green color interbeds inside the PSS unit.

According to Figure 8, for 3 bands of 7,6,5 that have the
highest reflectivity in the Landsat 8 image, the
following equation is correct:

b6>b5>b7

therefore, RGB=657 will create the best contrast for
PSS unit. This argument, has resulted in identifying
RGB=432 for SPOT 5. The contrast of PSS unit in false
color composites (Fig. 9.a and 9.b) is acceptable and
PSS unit can be detected easily.

Data Fusion
Due to spatial resolution of Landsat 8§ multispectral
bands, enhancement of GS wunit is not possible;

342

therefore, pan band of Landsat 8 (b8) was used for data
fusion. Gram-Schmidt Pan Sharpening method was used
to fuse the Pan images (15 m pixel size) with the 7
multispectral images (30m pixel size) to produce a 15m
pixel size [25]. Gram Schmidt Pan-Sharpening method
is more accurate than the Principal Component (PC) and
Hue, Saturation and Value (HSV) methods because it
uses the spectral response function of a given sensor to
estimate what the panchromatic data look like.
Comparison of a Z Profile of the original image with
that of the Gram-Schmidt Pan-Sharpened image
revealed that there is no difference in spectral
information [26]. Gram Schmidt Pan-Sharpening
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Figure 10. Fused image of Landsat 8, as it is seen fusion technique has created more enhancement of GS
unit so as in the above image, PSS and GS units are shown in brown and green colors, respectively.

method is highly recommended for most applications
[25]. The result of this technique is completely
satisfactory and the GS unit was well enhanced and
detected using Landsat 8 fused data (Fig. 10).

Band Ratios
Band ratios is one of the important methods for the

rock units enhancement. Image enhancement with band
ratio technique is the process implemented for the
digital image to produce more interpretable one for a
particular application [27]. Enhancement techniques
comprises many methods, determined according to the
objective, such as Principal Components Analysis
(PCA) and Band Ratio, which are significantly helpful
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Figure 11. Band ratio image RGB=(b6/b2), (b5/b3), (b7/b1) for Landsat 8, both units (PSS and GS) are detected easily.
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in differentiation and recognizing the different rock
units, and convolution filtering, which is extremely
useful in emphasize the lineation and lineament features
as well as geological structures [28]. Bands with the
highest and lowest reflection were identified by spectral
reflectance curves (Fig. 8.a & 8.b) and have been used
in band ratios. For the Landsat 8, 7-band intensity
reflections, are as follows as such that b6 shows the
highest and b2 the lowest reflection intensity:
b6>b5>b7>b4>b1>b3>b2

Accordingly, the band ratio images of Landsat 8
were created and revealed that the below color
composite, has the best contrast for PSS and GS:
RGB=(b6/b2), (b5/b3), (b7/bl)

In the above color composite, the GS unit is green
and the PSS unit is purple and both units are identified
and differentiated easily (Fig. 11).

PCA Method

The main aim of the principal components analysis
(PCA method), is obtaining independent or unrelated
indicators in a data set which these data may be are
interdependent because non correlation or lowest
correlation can reveal their differences [29]. PCA, is a
statistical and mathematical method that has a lot of
applications for representing differences between
satellite images. The most important uses of the PCA
method in RS is concentrating and limiting information
in a few specified channels and also increasing the
amount of information in these channels. In this

K. Noori Khankahdani.
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research, covariance matrix method has been used to
calculate PCA, though in PCA technique, one can use
both the covariance matrix and the correlation matrix
[29]. Figures 12.a and 12.b show PCA images for
Landsat 8 and SPOT 5 respectively. As can be seen,
PSS and GS units have a very good contrast with their
neighboring units which can be very effective in
distinguishing it from other rock units.

Supervised Classification

Both images of Landsat 8 and SPOT 5 have been
used for supervised classification by SAM, SID and
SVM methods. Support Vector Machin(SVM) has a
training approach and works through labeling of
training samples in the region of interest [30]. This is
while the Spectral Angle Mapper (SAM) and Spectral
Information Divergence (SID) methods perform based
on spectral reflectance curve for one special pixel. Also,
previous studies indicated that SAM and SID methods
have had good results for the study of alteration zones
[26]. Another point is that the SVM method finds a
surface that does not only have the most contrast with
other surfaces, but also has the smallest error in the
output. [31]. The results of supervised classification
operations confirm that the output image of the SVM
method for SPOT 5 data is the best separation solution
for PSS and GS units (Fig. 13). In this operation, the
training points are defined for 5 classes which include
PSS and GS units in relation with the other 3 defined
classes. In the final classification image, the PSS and
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Figure 12. a. RGB=PCI1,PC2,PC3 image for Landsat 8 (right), in this image GS unit can be seen in green color and PSS is
observed in dark blue color. b. RGB=PC4,PC2,PC1 image for SPOT 5(Left), PSS and GS units are seen respectively in blue and
yellow and both have a very good contrast with their neighboring units.
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Figure 13. Supervised classification image for Spot 5, in this image, the PSS unit is in red and the GS unit is green, and both
units have a very beautiful contrast in relation to other units. The black square for the PSS unit and the black circle for the GS
unit are used to represent the ground control points (GCP). This image can be the basis for the preparation of geological maps of
this area, especially for the enhancement and detection of the Bavanat red bed copper deposits.

GS units are seen in red and green, respectively and
well detectable and separable from surrounding units.
The created classification image can be used as a basic
geological map in the exploration study for the Bavanat
red bed copper deposits. In order to results validation,
were used 20 ground control points (Table 3). These
points are the results of the field surveys of PSS and GS
units which are not used in image processing operations.
The review of results validation of satellite image

processing in these studies proved the position 19 of 20
ground control points were correctly determined and
only the position of 1 point was determined instead of
the PSS unit of the GS unit (point No. 10). The cause of
this issue has been spectral interference or inaccurate
recording of point coordinates. Thus, 95% of the
position of points related to PSS and GS units in field
studies correspond to the position of these points in
satellite image processing (Fig. 13).

Table 3. The geographical coordinates of the Ground Control Points (GCP).

Row X Y Rock Type Cl“rsos;ﬂed Row X Y Rock Type Clisosc‘]f;‘ed
1 732404 3385447 PSS PSS 11 734648 3382270 PSS PSS
2 732485 3385316 PSS PSS 12 734648 3383590 GS GS
3 732705 3385174 PSS PSS 13 733965 3383577 GS GS
4 732057 3384806 PSS PSS 14 733937 3384137 GS GS
5 731760 3384197 PSS PSS 15 733200 3383288 GS GS
6 731416 3384636 PSS PSS 16 732471 3383857 GS GS
7 732815 3384781 PSS PSS 17 732503 3384693 GS GS
8 733378 3384438 PSS PSS 18 732199 3385032 GS GS
9 733668 3384459 PSS PSS 19 731508 3384611 GS GS
10 734270 3383950 PSS GS 20 732047 3385149 GS GS
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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/bl) 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

K. Noori Khankahdani.
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(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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