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1-Introduction

In this study, the performance of different spectral processing techniques on ASTER and Landsat-8 OLI sensors
data of the Shahrak mining area are compared. Shahrak is located 60 km north of Bijar city in Kurdistan
province. It is located in the coordinates of 47°, 30", 30" to 47°, 40", 34" east longitude and 36°, 20", 20" to 36°,
30°, 25" north latitude. It belongs to Takab structural zone. There are ten ore bodies in the Shahrak mining area,
mainly composed of magnetite. The host rocks of mineralization are carbonate and volcanic rocks that have
undergone argillic, epidote, and chlorite alteration. The purpose of this study was to compare the efficacy of
ASTER and OLI images and PCA, ICA, and MNF processing methods in detecting iron ore mineralization and
related alteration assemblages in the Shahrak mining area. Given the limited references available for remote
sensing of skarn ores (Jeong et al., 2016), especially iron skarns, performing and comparing different algorithms
in known skarn ores can help study unknown ore deposits. At pre-processing stage, FLAASH atmospheric
correction was applied to both images to reduce noise. The processing techniques used in this study are band
ratio (BR), band combination, principal component analysis (PCA), independent component analysis (ICA) and
minimum noise fraction (MNF). The results validated by field observations and microscopic studies.

2-Methodology

The VNIR and SWIR bands of both images were used to detect iron oxides, carbonates, chlorite-epidote
assemblage, and argillic alteration (Kalinowski and Oliver, 2004; Ducart et al.,, 2016). The spectral
characteristics of minerals in the ore and host rock were investigated to select suitable bands. Various band
ratios and false-color composites were prepared to determine which ones are best suited to detect iron
mineralization, chlorite-epidote assemblage, and argillic alteration.

3- Results and discussion

The band ratio 4/3 in the ASTER image and 4/2 in the OLI image performed better in highlighting the magnetite
orebodies (Fig. 4). The band ratio of (6 + 9) / (8 + 7) in the ASTER image could not characterize the endoskarn
complex, but it performed better in color combination. The band ratio of 7/2 in the OLI image well-
characterized the epidote-chlorite assemblage. The band ratio of 7/6 in the OLI image also detected argillic
alteration (Fig. 5). In the ASTER image, RGB: 468 color combination and the false-color combination prepared
using the band ratios RGB: (6 + 9) / (8 + 7), (7 + 9) / 8, (5/3) + (1/2), detected the chlorite-epidote assemblage,
kaolinite and ferrous minerals. For OLI image, the false-color combinations RGB: 653, RGB: 345, and RGB:
4/2, 6/7, 5 were successful in detecting the mineralization and alteration. As the radiometric resolution in OLI
images is higher than the ASTER images, the OLI image's mineralized areas are more evident. On the other
hand, the highest reflection and absorption of ferric and ferrous iron are in the visible wavelength range, thus
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using OLI image results in better iron oxide detection due to having all three visible bands (Zhang et al., 2016).
Principal Component Analysis (PCA), Independent Component Analysis (ICA), and Minimum Noise Fraction
(MNF) spectral transforms were also applied to ASTER and OLI image bands. In the ASTER image, the best
detection of iron oxides occurs in PC1 and PC2. The band PC3 is also useful for detecting argillic alteration.
The OLI image PC4 shows the best detection of iron oxides. The obtained images show that in the PCA method,
the OLI image detects iron mineralization and clay alteration better than the ASTER image.

In the ICA technique performed on the ASTER image of the Shahrak mining area, the best output was for the
IC4 and IC5 components. In the OLI image, IC3, IC2, and IC1 have been successful in highlighting iron ores.
Unlike the ASTER images, the ICA method act as well as the PCA method on the OLI image. In this technique,
the OLI image reveals more details (Mahmoudishadi et al., 2017), so that the color combination of RGB: IC3,
IC2, and IC1 can produce lithological maps in addition to highlighting the mineralization and alteration zones.
The MNF technique was used to reduce the noise and increase the resolution of the image. Then the resulting
MNF bands were used to prepare different color combinations. The MNF5 band in the ASTER image highlights
iron oxides (Gahlan and Ghrefat, 2018). In the OLI image, the MNF4 band detects iron oxides. The resulting
images show that the OLI image performs better than the ASTER image in MNF transform. Of the three
transforms used, ICA and then MNF performed better than PCA in the OLI image. Finally, it seems that due to
the higher radiometric resolution of the OLI image, these images can detect the phenomena with more details.
Field observation was conducted to validate the results of the study. Sampling and microscopic studies were
also performed. The presence of magnetite ores in the vicinity of marble, skarn zone consisting of the minerals
epidote, chlorite, goethite, and crystalline calcite and kaolinite approved in several locations, were also detected
on the satellite images.

4-Conclusion

Among the mentioned techniques, the ICA technique yields more precise results than other techniques such as
PCA and MNF. The RGB image obtained from the OLI independent components IC3, IC2, IC1 could detect
iron oxides, carbonates and the lithological units with comprehensive details, which can be useful for
lithological mapping of the area.
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Fig. 1. Position of ASTER, OLI and ETM+ bands in the electromagnetic wavelength range.
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Table 1. Coordinates and tonnage of ore bodies located in the Shahrak mining area (tonnage after Ghorbani, 2013).

Orebody X Y Tonnage (thousand tones)

Shahrak 1 47.53127 36.39845 21340.31

Shahrak 2 47.52037 36.38545 2230.65

Shahrak 3 47.5349 36.38475 2121.05
Golezar 47.53689 36.38064

Korkora 2 47.5417 36.36858

Chashmeh 47.53314 36.3633

Korkora 1 47.53549 36.36494 17270.32
Sarab 1 47.53055 36.35024 2754.13
Sarab 2 47.53395 36.3476
Sarab 3 47.53555 36.34316 2186.93
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Table 2 . Lithological units in the Shahrak area (Sheikhi, 1995; Ghorbani, 2008).

Lithology
Andesite
Crystalline limestone

Age

Younger than Miocene

Miocene

volcanic -ignimbrite unit, consisting of rhyolite, dacite-

Oligo-Miocene - Miocene ignimbrite rocks and vitric tuff

Oligo-Miocene Sandstone, sandy tuff and white conglomerate

Eocene Conglomerate, breccia and sandy tuff

Upper Cretaceous-Paleocene Black shale with andesitic interlayers

Geology map of Sharak District N
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Fig. 2. Geological Map (1: 20000-scale) of Shahrak mining area (after Purnik, 2001).
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Fig. 3. Spectral curves of (a) magnetite, hematite and goethite minerals, and (b) chlorite and epidote, taken from the USGS spectral
library. Wavelengths with maximum reflectance and maximum absorption are important for selecting the appropriate bands for
spectral processing.

OLI pga el sl el b ¥ Jgo
Table 3. Statistical parameters of the OLI image.

Basic Stats | Min Max Mean | Std.Dev.
Band 1 0 28518 | 7986 5161
Band 2 0 30625 | 8044 5219
Band 3 0 32422 | 8801 5764
Band 4 0 36724 | 10243 6791
Band 5 0 46845 | 12858 8526
Band 6 0 65535 | 13152 8705
Band 7 0 65535 | 10770 7133
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Fig. 4. (a) ASTER band ratio 1/2 of theShahrak area, (b) ASTER band ratio (3/4), (c) The band ratio (2/4) of OLI satellite images, the

red spots represent ferric oxides and yellow areas show lower concentration of iron oxides, and (d) the band ratio (5/6) of OLI
satellite image, the red spots represent ferric oxides. The arrows indicate the location of the ore bodies being mined.
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Fig. 5. () The Landsat-8(7/2) ratio image, the purple spots indicate the presence of epidote and chlorite minerals (skarn zone). The
arrows show the concentration of epidote and chlorite minerals in the vicinity of the ore bodies. (b) The Landsat-8 (6/7) ratio image,

the purple and green spots indicate the abundance of ferrous silicates. The arrows indicate the location of the ore bodies being mined.
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Fig. 6. (a) ASTER false-color composite image (RGB: 468) ofShahrak area. In this image, chlorite-epidote assemblage detects as
pale green, kaolinite is pink, chlorite is blue, and carbonates are yellow. (b) ASTER False color combination consisting of RGB band
ratios: 3/5 + 1/2, (7 + 9) / 8, (6 + 9) / (7 + 8). In this image, ferrous iron is red, carbonate, chlorite, and epidote assemblages are

greenish-blue. (c) OLI false color combination image (RGB: 345) of shahrak area. The ore-bodies are dark brown, and the carbonates
appear bright yellow in color. (d) OLI false color compositimage (RGB: 2/2, 6/7, 5), iron oxides and alterations appear dark purple

and light purple, respectively. The arrows indicate the location of the ore bodies being mined.
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» 1C3, IC2, IC1 leadse S, aibie OLI gm0 (CA) Jiiuuo s addgo 3IGT

Sy S g0 ks S Jee (850 ol o34l slls bl g3kl ST e oS e (Sdme edgdzme 4 bgrye jiwl pgla o
oly,Si Sl )| S5y 4 ool asT wd asls baail ul b o5 (35 wsle QIS (S, euS 5 40 el IG5 5 1C4 (laailse 4 Ly
Oy e S5y 4 SIS g Dganl shls bl 5355 S5y 4 (o) =4l sble RGB: IC6, IC5, IC4 Jitw slaailye b sus
L OLI ppm ol pglas M5 (AD JS2) ot (sl S4T Bad ST iy, e Sy 4 LOLy,S 50,5 5, 4 ool o] ond
28 55Las )b PCA oy, 093 4 55 ICA g, 5l eslii S yon a5 4 wodel Cews & PCA jslas b aslie jo QA JS2)
ouds lials bl s3lasl ;o il pigas 4 by ICA glas
Wlod S5 Jas 3290 pliz

723000 726000 729000 : 7200.00 723000 726000 729000
B - "

723000 726000 729000 723000 726000 729000

0051 2

3 4 P
- — — TS ot -

4
Kilomelers

00 s 5y 4 il ,S g 2l 5 0,5 S5, a4 olalS slls bl il peas RGBIICHE, ICS, 1C4 Jaiis slo adlge 5l JSite L3S K5y oS 5 by - I
59,5 Sy 4 LS ()b ble 308 K5 4 ool sloars] OLI ,0m RGB! IC3, 1C2, IC1 Jits sloailse 5l JSize O3S () oS 5 (0) igd o

oo L 1) ol e st Jl 53 slaosgs Jore bap) 5y gt oo pateive w4 Dganb o IS dcsere
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Iron oxides are white, clay minerals are pink, and carbonates are red. The arrows indicate the location of the ore bodies being mined.
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Fig. 10. (a) Magnetite ore (Mag) located above the marble unit (Mbl), Shahrak 2 orebody. (b) Skarn unit, consisting of minerals
calcite (Cal), epidote (Ep), chlorite (Chl) and goethite (Gt) in Shahrakl mine. (c) Kaolinite alteration (KIn) in the rhyolitic rocks, in

Shahrak mining area.
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