Applicability of Landsat-8 OLI and ASTER data for lithological mapping in parts of Naga Hills ophiolite belt, India 
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Abstract: In this study, band ratio and principal component analysis techniques were applied to Landsat-8 Operational Land Imager (OLI) and Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) bands for lithological mapping in parts of Naga Hills ophiolite belt in northeast India. A new band ratio was developed using ASTER bands to distinguish between the various lithological units in ophiolite belt. The band ratio effectively detected serpentinite dunite as host rock of chromite ore deposits from surrounding lithological units. Principal component images derived from bands 2, 3, and 4 of Landsat-8 OLI data and bands 1, 2, and 3 of ASTER data produced good results for lithological mapping applications. The developed approach used in this study offers great potential for lithological mapping using ASTER and Landsat-8 OLI bands, which contributes to economic geology for prospecting chromite ore deposits associated with ophiolite belts.
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1 Introduction 
Satellite imageries are very effective in detecting and mapping ophiolite rock [1-4]. Band ratio (BR) and principal component analysis (PCA) techniques were used significantly on ASTER and Landsat Thematic Mapper (TM) for ophiolite mapping can be achieved through the use of image processing techniques such as bands [5-6]. ASTER band ratios of 4/7, 4/1, 2/3 *4/3 and 4/7, 3/4, 2/1 in RGB was used for ophiolite mapping in the southeast Egypt [7]. Amer et al. (2010) introduced a band ratio of (2+4)/3, (5+7)/6, (7+9)/8 on ASTER data and a PCA (5, 4, 2) in RGB for ophiolite mapping in East Central Egypt [8]. Pournamdari et al. (2014) made an attempt on lithological mapping on Soghan ophiolite complex, south Iran using ASTER and Landsat TM data [9]. Abdelaziz et al., (2018) applied Landsat-8 data for chromite prospecting in the Logar ophiolite complex, Afghanistan [10].

In the present study, the best RGB band combination of ASTER and Landsat-8 OLI bands were determined. A new relevant BR was introduced for ophiolite mapping and an appropriate PCA combination was also determined in this study. The Naga Hills in northeast India has been selected as the study area. The primary objectives of this study are: (1) to introduce the most appropriate ASTER and Landsat-8 OLI bands for lithological mapping of ophiolitic rock belt; (2) to apply BR and PCA techniques on ASTER and Landsat-8 OLI for mapping lithological units in ophiolite rock beds.

2 Materials and Methods 

A cloud-free Landsat-8 OLI image was acquired through the U.S. Geological Survey Earth Resources Observation System (EROS) Data Centre (EDC). A cloud-free ASTER data was also acquired from the Earth and Remote Sensing Data Analysis Centre (ERSDAC) Japan. Atmospheric correction was applied on Landsat-8 OLI and ASTER visible and near-infrared (VNIR) and shortwave infrared (SWIR) subsystems.

BR and PCA techniques have been evaluated for lithological mapping in the present study. PCA is a well-known method for lithological and hydrothermal alteration mapping [11,7,3]. Band ratio is a useful method for lithological mapping in ophiolite rock belt [12,13,2,3].

3 Results

For Landsat-8 OLI data, the best-observed band ratios are 7, 6, 2 and 6, 5, 2. For ASTER data, band ratio of 1, 2, 3 in VNIR region may be considered as the best which clearly differentiate the serpentine dunite, carbonate rocks, and vegetation. In SWIR region, the best band ratio is 8, 6, 4 in which serpentine dunite and vegetation have appeared as pink colour and dark colour, respectively while carbonate rocks can easily be identifiable. In VNIR-SWIR combined region, band ratio of 3, 6, 8 is considered as the best band ratio where serpentine dunite appeared as a green colour, coloured mélange complex as a variety of colours, vegetation as red colour and carbonate rocks as a yellow colour. Results show that in ASTER image PC1 is the most suitable principal component for the visual identification of various rocks and minerals. PC2 and PC3 enhance the visibility of quartzite ridge and drainage pattern. Magnesium iron silicate minerals can be detected as bright pixels in PC4 and vegetation is clearly identified in PC5. PC6, PC7, PC8, and PC9 do not reflect any significant result. The RGB colour composite was produced from PC1, PC3, and PC4 of Landsat-8 OLI for the study area. Mafic and ultramafic rocks are shown as violet colour while sedimentary rocks are shown as a yellow colour. This PCA method also identified the serpentinite dunite and mélange complex rocks as an orange color.
4 Discussion

The best-selected band ratios of Landsat-8 OLI data for lithological identification in ophiolite rock are 7, 6, 2 and 6, 5, 2. The best band ratio of ASTER data for the discrimination and mapping of lithological units for ophiolite rock belts are 1, 2, 3 in the VNIR portion, 8, 6, 4 in SWIR portion and 3, 6, 8 in the VNIR+SWIR portion. 

False Color Composite (FCC) images generated from PC1, PC2, and PC3 of ASTER as RGB was able to detect and discriminate ophiolitic rock belts. The RGB colour composition of Landsat-8 OLI was generated from PC1, PC3 and PC4, which distinguished serpentinite dunite as the host rock of chromite ore deposits. Finally, the specialized band ratio of ASTER bands (4/1, 4/5, and 4/7) in RGB was applied for the detection of serpentinized dunite in ophiolite rock due to its superiority over the earlier band combinations.

5 Conclusions

The present study focused on BR and PCA using ASTER and Landsat-8 OLI data for lithological differentiation in ophiolite rock belt. Results show that Landsat-8 OLI data reflects satisfactory spectral characteristics for identification of ophiolitic rock units. On the other hand, ASTER data achieved a great output with their advanced spectral characteristics for lithological discrimination in ophiolite rock belts. 
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