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Abstract Remotely sensing data include Landsat-8 Operational Land Imager (OLI) and Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) data successfully delineated the
alteration zone in Abu Marawat area. Image transformation technique was applied in the present
study. Band ratio color composites (6/7, 6/5,*4/5, 5) and Principal Component Analysis (PCA)
technique of Landsat-8 highlighted the alteration zone. Band ratio color composites ASTER bands 4/6,
4/2, and 4/3 in the R, G, and B, respectively, provided a significant results of alteration zone. Minimum
Noise fraction techniqgue (MNF) provided better results that clearly delineated the mineral potential
area. Field data and previous works validated the alteration zones. The overall results showed the
importance of image processing in showing the probable area of mineral resources.
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1. Introduction

Advances in multispectral imaging systems include Landsat series and Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) allowed mapping the geologic and structural
features in fine resolutions (e.g., Abdelkareem and El-Baz, 2015 & 2016 & 2017). Landsat sensors
(e.g., Landsat-5 to Landsat-8) successfully delineated lithologic and mineral characteristics using
visible NIR and SWIR bands (e.g., Abrams et al., 1983; Sabins, 1997; Ramadan et al., 2004). On
February 11, 2013 the new Landsat Operational Land Imager (OLI) which aboard by Landsat-8
improved the spectral, radiometric and spatial resolutions of the acquired data. This sensor measures
the reflected electromagnetic waves in nine bands and measures the Thermal wavelengths in two
bands (TIR). Several studies were used the OLI in imaging the hydrothermal alteration minerals
(Zhang et al., 2016; Pour and Hashim, 2015; Abdelkareem and El-Baz, 2016).

ASTER aboard the Earth observation system (EOS) Terra platform measures the Electromagnetic
(EM) waves in 14 spectral bands. This sensor has the advantage to cover the SWIR which are
significant to map several mineral groups include hydroxides, hydrates and carbonates (Abdelkareem
and El-Baz, 2016). This allowed discriminating between key-alteration minerals such as kaolinite,
smectite, alunite, and jarosite (Zhang et al., 2016; Yamaguchi and Naito, 2003; Pour and Hashim,
2012; Rowan et al.,, 2003; Hubbard and Crowley, 2005; Zadeh et al., 2014). These minerals of
alteration zones appear on contact with ore deposits which occupied the center of the alteration zones.
Analysis and integration of OLI and ASTER data are effective in predicting the occurrence of a certain
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group of minerals; Al-OH, Fe-OH and Mg-OH e.g., kaolinite, alunite, illite, muscovite, montmorillonite,
chlorite, calcite, and dolomite (Azizi et al., 2010; Mars and Rowan, 2006; Rowan et al., 2006).

Several studies were carried out in the Central Eastern Desert of Egypt to map lithology and alteration
zone (e.g., Sultan et al., 1986 & 1987; Gabr et al., 2010; Asran et al., 2012; Kusky and Ramadan,
2002). The aim of the present study is to apply OLI and ASTER data to map and highlight area of
hydrothermal alteration zones as an indication of mineral resources in the arid regions.

2. Study Area

Abu Marawat area is located in the northern portion of the Central Eastern Desert of Egypt (Figure 1).
Regionally, the geology of the studied area consists of ultramafic rocks (Serpentinite-talc-carbonate
rocks) which represent the oldest geologic unit, overlain by island arc-related metavolcano-
sedimentary sequences. These rock units overlain by Hammamat sediments and intruded by a variety
of granitic rocks. These varieties cut by dykes and quartz veins that occur as a later phase of
magmatic intrusion.
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Figure 1: Location map of the study area

3. Data Used and Methods

Landsat-8 (OLI) and ASTER data were used in the present study. The OLI has nine optical bands and
two bands measure the Thermal IR wavelengths. The OLI bands 2, 3, 4, 5, 6 and 7 are processed and
transformed in the present study. The OLI sensor collect two sub-systems visible near infrared (VNIR);
shortwave infrared (SWIR), and Thermal infrared (TIR). The spatial coverage of VNIR and SWIR is 30
m and, the TIR is about 60 m. Image enhancement, and transformations were used to delineate the
areas of mineral alteration zone. In addition to OLI data, ASTER data which obtained in December
1999 by NASA and METT (Japan Ministry of Economic trade and industry) were used to highlight
areas of hydrothermal alterations. The data were georeferenced to Universal Transverse Mercator
(UTM). World Geodetic system 1984 (WGS 84) zone 36.
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Band ratio represents a transformation technique that applies by dividing the digital numbers of one
band by their corresponding pixels of another band (e.g., Mather, 2004). This helps to enhance the
spectral differences between the variables on land surface (Goetz et al., 1983). This technique allowed
discrimination between different rock types and highlighted areas rich in specific mineral compositions
(Abrams et al., 1983; Sabins 1997; Abdelkareem and El-Baz, 2016; Gad and Kusky, 2006). In addition
to band ratios, PCA was used to transform the components of the image into its principal components
(Loughlin, 1991; Gomez et al., 2005). This transformation has the ability to highlight the similarities and
differences in the used data. The output will be eigenvectors and eigenvalues of the matrix
Covariance.

Minimum noise transformation technique also was used to segregate noise from the VNIR-SWIR
ASTER Data. The advantage of this technique is to filter or remove those bands that contribute most
to noise (Green et al.,, 1988; Boardman and Kruse, 1994). It is better technique than PCA in
compressing and ordering data in relationship of their image quality. Where the PCA technique is
yields linear transformations of the input data which subsequently amplify their variance, and the MNF
transform yields linear transformation which subsequently reduce their noise fraction.

4. Results and Discussion
4.1. Landsat-8

Using band ratios 6/7, 6/5,*4/5, 5 in R, G, B (Figure 2a) allowed discriminating geologic units such as
felsic varieties with pinkish color; however, the mafic-intermediate rocks discriminated in greenish
color. This is because iron oxides and iron-bearing minerals are highlighted by band ratios 6/5,*4/5
(Sultan, 1986 & 1987). The alteration zones could be identified by their yellow/whitish yellow color.
This composite discriminated the mineralized alteration zone in bright yellow tone whitish yellow colors
from all the others rock units.

Using PCA transformation (Table 1), it is found that band 6 contributed more than the other bands.
The eigenvalue of the first PC represents 95.24% of the total variance. This component have negative
loading from all bands. The second principle component “PC2” displays contrast between the VNIR
and SWIR bands. Noteworthy, PC3 displays contrast between band 6 (0.601736) and band 7 (-
0.61628) that provides significant information on the OH-bearing minerals. In PC5, a contrast between
band 4 (0.811358) and band 2 (-0.24045) that reveal the iron oxides in bright tone. In this
transformation, the PC6 represents noise. Displaying PC3, PC4, and PC5 in R, G, and B, (Figure 2b)
allowed discriminating mineralized alteration zone with bright tone (reddish white color).

Table 1: Principal component analysis of VNIR/SWIR

Eigenvector Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
Eigenvalue%

St. dev 783.03 1194.90 1636.59 2022.79 2514.65 2150.75
PC1 -0.17 -0.26 -0.37 -0.45 -0.57 -0.48 95.24
PC 2 0.25 0.34 0.42 0.44 -0.38 -0.55 3.31
PC3 -0.29 -0.29 -0.12 0.27 0.60 -0.61 0.95
PC4 0.41 0.45 0.03 -0.62 0.40 -0.29 0.43
PC5 -0.38 -0.24 0.81 -0.37 0.01 -0.01 0.052
PC 6 0.71 -0.68 0.13 0.0002 0.026 -0.006 0.017
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Figure 2: (a) Band ratio composite image of 6/7, 6/5*4/5, 5in R, G, and B. (b) False color composite of PC3,
PC4, and PC5 in R, G, and B, respectively

4.2. ASTER Data

Band ratio composite 4/6, 4/2, and 4/3 were used to enhance the spectral differences between altered
and non-altered rocks. We apply band ratios 4/6 to highlight the aluminum hydroxide (Al-O-H), 4/2 and
4/3 for iron oxides. This based on that the spectral properties of hydrothermal alteration minerals are
different from unaltered minerals. In areas of hydrothermal alteration, the OH- and iron bearing
minerals are common. Therefore, using band ratios 4/6, 4/2, and 4/3 (Figure 3a) clearly highlighted the
alteration minerals in bright white tone color.

The result of MNF technique which was applied on the VNIR-SWIR ASTER bands is shown in Figure
3b. This technique provides images with successive increasing noise level and decreasing image
quality with increasing the fraction level (order). By examine the Minimum noise fraction output
images; negated MNF4 represented the best component that highlighted the alteration zone clearly in
white color (Figure 3b). Field examination (Figure 4) revealed the alteration zone and the detected
sites are of high mineral potentials that represents the mine of Abu-Marawat.
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Figure 3: (a) Band ratio composite image of 4/6, 4/2, 4/3 in R, G, and B. (b) MNF 4 of VNIR-SWIR ASTER bands
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Figure 4: Field photograph showing the alteration zone
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5. Conclusions

This article represents application of remote sensing data in arid region to characterize the
hydrothermal alteration zone. OLI and ATER data clearly highlighted the potential area of
hydrothermal alteration using image transformation technique. Applied the Minimum Noise Fraction
provided better observation than band ratios and PCA in delineating the areas of hydrothermal
alteration. In summary, applying remote sensing data is effective tool prior to any field investigations.
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