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ABSTRACT 

Remote Sensing have new technological trend that are hyperspectral sensors which combine 

imaging and spectroscopy in a single system. Interpretation of  Remote Sensed imagery involve 

basics of spectroscopy for  identifying and mapping minerals. Hyperspectral can produce detailed 

map of minerals that show spectrally unique behaviour.Different minerals have a unique 

reflectance and absorption pattern across different wavelengths which act as there identifying 

signatures.Electronic and vibrational processes are the main cause for absorption features. 

In this project remote sensing imageries that include LANDSAT, ASTER and Hyperion have 

been used for mapping minerals and discriminating lithology in Aravalli fold belt of the South- 

Eastern Rajasthan. Rock samples collected from the study area is used to generate spectra using 

Fourier Thermal Infrared Spectroradiometer (FTIR) and ASD Field Spectroradiometer. The 

imageries have undergone vigorous image processing techniques, such as atmospheric correction 

through Fast line of sight atmospheric absorption for hypercubes (FLAASH) model. Minimum 

Noise Fraction (MNF), Pixel Purity Index (PPI), N-d visualization for endmember selection and 

their validation from the USGS spectral library. 

Further Spectral Angle Mapper technique was used for mapping minerals that are 

Dolomite,Calcite,Talc,Montmorillonite,Illite,Kaosmectite,Muscovite,Phlogopite,Tremolite,Aug

ite and serpentine.Different spectral enhancement techniques like principal component Analysis 

(PCA),Band ratios have been used for enhancing the different lithological units. The results were 

validated from Geological Maps and also cross validated among each other.The Absorption band 

characteristics were estimated using Linear Interpolation Technique. The parameters such as 

absorption depth,wavelength and asymmetry were estimated  ,which were related to the alteration 

mineral zones.The muscovite mineral relatively showed more absorption depth, that indicated the 

greater amount of Al-OH content.And indicated its presence in highly altered zone ,comparatively 

other minerals showed relatively lesser absorption depth which showed its presence farther away 

from the altered zone. 
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1. INTRODUCTION 

 

 

1.1 Research Background 

Remote sensing play important role in different geological applications and combining it with 

other techniques result into better qualitative and quantitative results. Remote sensing instruments 

can provide detailed information on the mineralogy and geochemistry of the rock types 

comprising the earth’s surface, and have been used for decades to map rocks, minerals 

assemblages and weathering characteristics (Zhang X. et.al. 2007). Remote sensing technology 

is the developing remote exploration method that directly maps the broad range of alteration 

minerals associated with many ore deposits (Agar.B, Coulter.D., 2007). Minerals are main 

constituents of the rocks which have their definite chemical composition and structure that allows 

minerals to have their own identical interaction with the electromagnetic radiation resulting into 

unique spectral responses. 

Spectroscopy is the study of light as a function of wavelength that has been emitted, reflected, or 

scattered from a solid, liquid, or gas(Clark R.N., 1999). Mineral constituents of rocks as a result 

of interaction with electromagnetic radiation result into different spectral features like absorption 

dips. 

There are mainly two absorption processes that take place in materials which  are electronic and 

vibrational processes which is the basic principle of identifying minerals .Electronic processes 

occur in lower wavelength regions  comprising Ultraviolet, Visible and Near-Infrared region , 

including charge transfer absorptions, Conduction Band absorption ,Crystal field absorption 

effect, Color Centers effects(Clark.R.N.). 
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Visible and Near-infrared(VNIR) region shows spectral features dominated by electronic 

processes in transition metals(i.e.Fe,Mn,Cu,Ni,Cr,etc).Shortwave–infrared(SWIR) region shows 

the spectral feature associated with Hydroxyls and Carbonates(Hunt, 1977).Hydrothermally 

Altered mineral zones are associated with clays and hydrated silicates (Shanks III W.C. Pat,2006) 

which   have mainly combination of hydroxyl ions with Aluminum and Magnesium (i.e. Al-OH 

and Mg-OH )  typically showing  vibrational absorption bands at 2.2µm and 2.3µm respectively. 

Kaolinite a clay m0ineral have combination of Mg-OH and Al-OH which show doublet with 

absorption dip at 2.3µm and weaker one at 2.2µm.Montmorillonite and muscovite show 

absorption band at 2.3µm due to the presence of Mg-OH. In the case of clay minerals peak of 

reflectance occur at about 1.6µm but decrease in spectral reflectance beyond it due to absorption 

feature Absorption bands due to water molecule occur at 1.4µm and 1.9µm.Carbonates like 

calcite, dolomite, magnesite, siderirte show absorption bands at 1.9µm, 2.35µm and 2.55µm of 

SWIR region (R.P.Gupta, 2003). Thermal-IR region also plays important role in identification of 

 

 many minerals and show characteristic features for mineral groups like silicates, carbonates, 

oxides, phosphates, sulphates, nitrates, nitrites, hydroxyls. 

Alteration mineral zones are regions where hydrothermal fluid alters the mineralogy and 

chemistry of the host rocks that result into unique mineral assemblages which differ according to 

the location, degree and duration of those alteration processes which can be referred from 

scientific report by USGS (Pat ShanksW.C., 2010). These altered mineral zone when exposed at 

the surface, shows the zonal pattern that appear concentrically around a inner core having the 

highest grade of alteration and economic value. Remote sensing techniques have great importance 

in delineating these patterns of alteration over synoptic view. 

Hydroxyl bearing minerals (e.g. kaolinite and K-micas) are associated with hydrothermally 

altered regions which have diagnostic spectral features in the Infrared region of electromagnetic 

spectrum that allow their remote identification. Hydrothermally developed sulphide deposits have 

weathered sulfides regions which have iron bearing minerals like goethite, jarosite, limonite and 

hematite absorbing energy at different VNIR/SWIR regions.  

Development in the field of remote sensing has resulted into highly advance sensors for acquiring 

multispectral and hyper spectral data with improved spatial, spectral resolution. Imaging and 

Spectroscopy together called as imaging spectroscopy or hyperspectral imaging have been in use 

in remote sensing from long time ago. The term hyperspectral is used to refer to spectra consisting 

of large number of narrow, contiguously spaced spectral bands(Singh.B. et.al., 2010).Imaging 

spectrometry, simultaneous measurement of spectra and images in up to hundreds of spectra 

channels or bands, is proven technology for identifying and mapping minerals based on their 

reflectance or emissivity signatures (Kruse.F.A.,2012).It has the capability of producing detailed 

map of the spatial distribution of specific minerals ,mineral assemblages zones and lithology 

containing them on the surface of earth. Minerals that can be successfully identified with 
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hyperspectral imaging are: OH-bearing minerals, carbonates, sulphates, olivines, pyroxenes, iron 

oxide and hydroxides (Singh.B. et.al. 2010). 

The Enhanced Thematic Mapper Plus (ETM+) instrument is a  eight-band ,multispectral scanning 

radiometer  present on the Landsat 7 satellite capable  of detecting radiation in VNIR-SWIR, 

LWIR and panchromatic bands with spatial  resolution of 30m,60m,15m respectively in a 183 

km wide swath when orbiting at an altitude of 705 km. ETM data  has been used to identify  clay 

and iron oxide minerals (Lei Liu ,2013) 

The advanced spaceborne thermal emission and reflection radiometer (ASTER) is another   

multispectral imaging system instrument   available on the earth observing system (EOS) TERRA 

platform. ASTER measures visible reflected radiation in three spectral bands (VNIR between 

0.52 and 0.86 µm, with 15-m spatial resolution) and infrared reflected radiation in six spectral 

bands (SWIR between 1.6 µm and 2.43 µm, with 30-m spatial resolution) (Pour A. et.al,2011). 

The surface temperature and emissivities can be calculated by the five spectral bands in the TIR 

region (8.12-11.65µm) with 90m spatial resolution. (Gomez. et.al. 2005).Hyperion sensor on the 

EO-1 satellite is one of the hyperspectral sensor that overcome the spectral deficiency of all the 

multispectral sensor. Hyperion is a pushbroom instrument with 7.5 km swath which capture 242 

spectral bands in range of (0.4-2.5) with spatial resolution of 30m.The spectral resolution of 10 

nm and with contiguous bands  allows the generation of continuous spectrum at each pixel with 

capability of easily discriminating and identifying minerals which show high resolution spectral 

feature(Kruse.F.A.,2002). 

The processing of remote sensing data is a crucial step as it forms the base for further analysis. 

Atmospheric influence like scattering and absorption by gases and other particles affect the 

wavelengths of light   reaching the sensor in remote sensing data, so conversion of sensor radiance 

to reflectance is important for comparing the laboratory and image derived spectra in analysis. 

Hyperspectral data require advance processing for computation of large number of channels. Pre-

processing that include destriping of bad columns and noise reduction is performed before 

radiance to reflectance transformation of data.Radiative transfer code (Atmospheric models) are 

used to remove the absorption and scattering effects. Many atmospheric models have been 

developed  like Atmospheric removal program (ATREM),Atmospheric correction 

now(ACORN),Fast line- of- sight  atmospheric analysis of hypercubes (FLAASH) that provide 

high accurate results (Kruse, 2004 ). Minimum noise fraction (MNF) performed not only reduce 

the noise but also reduces the spectral dimensionality of the data by finding linear combinations 

of bands that explain the inherent dimensionality of the data.Reduction of spatial data is must for 

deriving pure pixels which will allow to focus on the application .Visualization of selected pure  

pixels in n-dimension result into selection of endmembers for  further analysing and mineral 

mapping. Analysis  of endmembers or laboratory generated spectra for mineral mapping can be 

performed by different techniques i.e. absorption band characterization, matching complete shape 

of spectral feature, spectral angle mapping and spectral unmiximg (R.P.Gupta).Absorption band 

characterization include estimation of depth, position, asymmetry, shape, width of the absorption 

dip that can relate to the chemistry and strucutre  of the mineral(Van der Meer.F ,2006).Further 

any compositional difference and variability can be correlated with subtle changes in absorption 
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band parameters such as depth, position, asymmetry, etc.( Gaffey, 1986).Matching shape of the 

spectra computes the degree of similarity between the two spectras. Spectral unmixing is 

favorable when one pixel contain mixed objects which result into mixed response for the pixel, 

so it is required to break these constituents and their relative proportions in a pixel. 

The aim of the project is to map the minerals and lithology in the south-eastern parts of Rajasthan. 

As already proved and mentioned in report of (GSI, 2011) that Rajasthan state is rich in 

economical mineral deposits, and  needed  to  be further explored and extended. Detail 

information over large area related to rock units and minerals will help in selecting the most 

suitable prospective area for further mineral exploration. The districts covering the study area  

have plenty of mineral deposits, the  important  ones are iron,lead-zinc, copper, soapstone, 

limestone, barites, marble etc(GSI,2011).Geologically, these district  comprises  Mangalwar 

Complex (basement rocks) of Bhilwara Supergroup, followed by Aravalli Supergroup, post-

Aravalli intrusives, Delhi Supergroup rocks, post-Delhi intrusives and Recent alluvium(Roy 

S.S.,1998).The basic principle behind discriminating  and identifying  minerals  is  spectroscopy 

ASTER,Landsat ETM and Hyperion datasets have been processed and analysed  for fulfilling the 

purpose.Analyses of the processed  remote sensing datasets  is validated  and correlated with  the 

laboratory generated spectras  of the field collected samples from the instruments that are  ASD  

FieldSpec®-Pro spectroradiometer (0.35-2.5µm) and Fourier transform infrared(FTIR) 

spectroradiometer (2-16µm).Absorption band characteristics such as  position, depth, and 

asymmetry of few minerals  is estimated. These parameters  especially depth, absorption 

wavelength and asymmetry is dependent on the  amount of material causing the absorption in the 

rock sample(Van Der Merr.F,2006).The hydrothermally altered regions are divided into different 

zones with certain characteristic minerals(M de Jong .S;  van der Meer.F,2006).The information 

regarding the minerals in the particular zone will able to delineated  different altered regions. 

Hydrothermal alteration mineral zones are divided on the basis of intensity of alteration that can 

be related to the Al-OH amount in the mineral (Van Der Merr.F, 2006). This can further confirm 

the presence of mineral or mineral group quantatively, and allows to perform detail analysis of 

the spectral feature of the minerals constituent in the rock samples. This technique has bright 

future as the estimate of parameters like depth, position can be related to the chemistry of the rock 

sample and it will easily fill the gap between remote sensing and geochemistry. 

 

1.2 Problem Statement & Motivation 

 

Mineral exploration require intensive field exploration activities for understanding the geologic 

area through lithological mapping so that it leads to potential exploration targets(Floyd 

F.Sabins,Jr.,1986) Remote sensing technology is the only remote exploration method that directly 

maps the broad range of alteration minerals associated with many ore deposits (Liu. L, 2011). In 

many ways, remote sensing is the modern equivalent of an experienced prospector with a good 

sense of field indicator minerals of alteration and mineralization zones (Ramadan T M and Kontny 

A ,2004).Traditional geological mapping and mineral exploration  methods utilizes physical 

characteristics of rocks and soils such as mineralogy, weathering characteristics, geochemical 

http://www.worldcat.org/search?q=au%3AJong%2C+Steven+M.+de&qt=hot_author
http://www.worldcat.org/search?q=au%3AMeer%2C+Freek+van+der&qt=hot_author
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signatures, and landforms to determine the nature and distribution of geologic units and to 

determine exploration targets for economic minerals. Remote sensing can demark   the subtle 

mineralogical differences, often important for making distinctions between background rock 

formations, and  potential mineralization zones, which are often difficult to map in the field 

(Madani et al. 2003).The validation of mapped minerals on hyperion imagery need groundtruth 

data which takes lot of time, so some alternative technique is required for quick validation 

Demarcating the mineral prospects zones using space-borne datasets is still in developing stage 

in India. Rajasthan state is rich in economical mineral deposits which are needed to be further 

explored and extended. Need is to find the prospective area quickly, easily and economically. 

And demonstration of remote sensing technology in reference to the quantitative information of 

the mineral such as composition in the rock is in the developing stage. 

 

 

 

1.3. Objectives 

 

1) Mapping of minerals and lithology discrimination using space-borne datasets and lab 

spectroscopy. 

 

 Development of  Spectral library(VNIR-TIR) 

 Space-borne data processing and analysis for mineral identification. 

 

2) Analyses of Absorption band characteristics (position, shape, depth, etc.) of the spectral 

features for further delineating the hydrothermal alteration zones. 

1.4. Research Questions 

 

1) What are the minerals that were accurately and effectively mapped using space-borne 

remote sensing techniques in the study area? 

 

2) Is results of mapping techniques using hyperspectral data cross validate with the 

enhanced mineral zones in the multispectral data? 

 

3) What are the possible absorption band characteristics of different minerals estimated 

using Linear Interpolation Techniques? 
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2. LITERATURE REVIEW 
 

2.1. Rajasthan state 

Rajasthan is the major producer of Feldspar ((36%), ball clay (70%), fluorite (graded) (59%), 

Kaolin (44%), lead concentrate (89%), ochre (90%), phosphorite (90%), silver (81%), steatite 

(76%), barytes (32%), copper (32%), quartzite (33%) and silica sand (21%). (GSI, 2011) 

2.2. Aravalli Supergroup 

Aravalli Supergroup consist of thick pile of metamorphosed and complexly folded 

palaeoproterozoic clastogenic sediments with small amount of organogenic assemblages with 

interlayed basicvolcanics,with an erosional unconformity overlying the Manglwar complex and 

Sandmata complex.(GSI,2011)The geologically Aravalli metallogenic province is the most 

important geological province for the base metals and gold deposits.The southern part of the 

province in Banswara district is proved with gold deposits. 

Different mineral resources in the aravalli region are included that contribute to the major mineral 

deposits of the state that include base metals(lead, zinc, copper), fertilizer minerals (rock 

phosphate), industrial minerals (asbestos, barytes, mica, fluorite, magnesite, soapstone, 

pyrophyllite, wollastonite); ferrous metals (manganese); strategic metals (tin, tungsten, uranium); 

gemstones (emerald, topaz, garnet) and gold(GSI,2011). 

2.3. Remote Sensing for geology 

Remote Sensing plays very important role in mineral exploration by mapping geology consisting 

faults ans fractures that localize ore deposits ,secondly it recognize spectral signature of 

hydrothermally altered  minerals . The images acquired are utlised for mineral exploration for 

mapping faults and fractures that localize ore deposits;it also recognizes hydrothermally altered 

rocks by their spectral signatures. 

Hyperspectral Remote Sensing is proved to successfully map the OH-bearing minerals such as , 

carbonates, sulphates, olivines, pyroxenes, iron oxide and hydroxides and to produce detailed 

map of the spatial distribution,assemblage zones and lithology present over the earth surface. 

(Singh.B. et.al.,2010). 

Multispectral Remote Sensing provide the sensors that allows discrimination and identification 

of hydrothermal alteration minerals in the shortwave infrared region of electromagnetic spectrum. 

SWIR region is best region to explore hydrothermal alteration systems ,which have certain 

diagnostic absorption feature for hydroxyl –bearing minerals that include clay and sulfate group 

as well as carbonate minerals( Pour.A.B and  Hashim.M,2011) 

2.4. Principal Component Analysis (PCA) 

The Principal Component Analysis (PCA) is a multivariate statistical technique that selects 

uncorrelated linear combination of variables in such a way that each component successively 

extracts linear combination and has a smaller variance(Pour.A.B and  Hashim.M,2011) 
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The Crosta technique by Ruiz Armenta and prol-ledesma,1998 is used for enhancing the 

hydrothermal alteration minerals,the Eigenvector matrix data and derived eigen values formed 

the basis to interpret the spectral information carried by each of the PC-axis images(Crosta and 

Moore, 1989). 

2.5. Spectroscopy 

Spectroscopy  is the study of the interaction between matter and   electromagnetic radiation 

(Herrmann R.,1986).The absorption processes can occur in any range of electromagnetic 

spectrum that is Visible,VNIR and SWIR regions.Visible and Near-infrared(VNIR) region shows  

spectral features dominated by electronic processes in transition 

metals(i.e.Fe,Mn,Cu,Ni,Cr,etc).Shortwave–infrared(SWIR) region shows the spectral feature 

associated with Hydroxyls and Carbonates.Hydrothermally Altered mineral zones are associated 

with clays and hydrated silicates (Shanks III W.C. Pat,2006) which   have mainly combination of 

hydroxyl ions with Aluminium and Magnesium (i.e. Al-OH and Mg-OH )  typically showing  

vibrational absorption bands at 2.2µm and 2.3µm respectively. 

In SWIR vibrational processes is the reason for absorption feature ,that are due to over tones and 

combination tones of fundamental hydroxyl groups (Hunt, 1979).Hydrothermal alteration 

systems is best sensed in SWIR spectral region ,so  hydroxyl-bearing minerals  that are clay and 

sulphates ,as well as carbonate minerals  shows diagnostic spectral absorption feature in the SWIR 

regions  (Huntington, 1996).  

Thermal-IR region also plays important role in identification of many minerals and show 

characteristic features for mineral  groups like silicates, carbonates, oxides, phosphates, sulphates, 

nitrates, nitrites, hydroxyls(Gupta R.P.,2003) 

2.6. Alteration mineral zones 

(Bean, 1982) gave the definition of  hydrothermal alteration  in relation with remote sensing that 

is  hydrothermal alteration is the reflection of response of pre-existing, rock-forming minerals to 

physical and chemical conditions different than those, under which they originally formed, 

especially by the action of hydrothermal fluids. As already mentioned in the report by USGS(Pat 

Shanks III.W.C.,2010)that Hydrothermal alteration varies widely from district to district and 

among individual deposits. 

https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Radiation
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Fig 2.1. Simplified model of hydrothermal alteration zones with porphyry copper deposits 

 (modified from Lowell and Guilbert, 1970). 

 

2.7. Processing  of Hyperspectral Data 

Correction are required for raw digital number that are geometric distortions due to sensor 

geometry, scanner, platform insta- bilities, earth rotation, earth curvature, etc., and it is necessary 

to correct and adapt them (Mather 1987). Atmospheric carbon dioxide (CO2) absorption bands 

located at 2.005, and 2.055 µm are useful for wavelength-calibration of the data in the infrared 

(Vane, 1987). 

2.8. Atmospheric Correction 

 Absorption process in atmosphere is dominated by water vapour with small amount from carbon 

dioxide,ozone,and other gases(Gao and Goetz, 1990). Atmospheric carbon dioxide (CO2) 

absorption bands located at 2.005, and 2.055 µm  in shortwave infrared  are useful for wavelength-

calibration of the data (Vane, 1987). 

 

 

 

http://geosphere.gsapubs.org/content/2/4/236/F5.expansion.html#ref-15
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The relative atmospheric corrections  like empirical line method can not retrieves the surface 

reflectance because the atmospheric gas absorption features from hyperspectral data over scenes 

with water vapour amount and AOT(Aerosol  optic thickness) (F. A. Kruse,2004). Some of the 

absolute atmospheric correction software packages  on the basis of radiative transfer model 

involve Atmospheric REMoval program ( ATREM)A tmospheric   CORrection Now (ACORN), 

and the Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes (FLAASH)  which has  

already been evaluated (M. W. Matthewa,2000) 

Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes (FLAASH) work on the 

radiance images covering spectral coverage from the mid-IR through UV wave-length where 

thermal region is neglected (A. Berk et.al.,2002). The spectral radiance at a sensor pixel is given 

as(ENVI,2001): 

 

 

 

 

 

(2.1) 

where p is the pixel surface reflectance, pe is an average surface reflectance for the surrounding 

region, S is the spherical albedo of the atmosphere (capturing the backscat- tered surface-reflected 

photons), L*. is the radiance back- scattered by the atmosphere without reaching the surface, and  

A and B are surface independent coefficients that vary with atmospheric and geometric 

conditions. 

Variables are wavelength dependent in which first term is  the radiance reaching the surface 

directly into the sensor,second term is radiance from the surface that is re-scattered by the 

atmosphere into the sensor.(A. Berk et.al.,2002) 

2.9. Mineral Mapping Techniques 

Mapping technique is in which  identified image endmembers in n-d Visualization are then used 

to extend the analysis back to the full spatial/spectral dataset to produce image maps showing the 

location and abundance of specific materials(ENVI,2001) 

Absorption band characteristics,matching shape of spectral feature,spectral angle mapping and 

spectral unmixing are different techniques for analysis of endmembers or laboratory generated 

spectra for mineral mapping (R.P.Gupta,2003). 

2.10. Spectral Angle Mapper 

Spectral angle mapper (SAM) is a procedure that determines the similarity between a pixel and 

each of the reference spectra based on the calculation of the “spectral angle” between them 

(Boardman and Kruse,1994). 
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2.11. Band Ratio 

This spectral enhancement method is used to increse the spectral contrast between the bands and 

to reduce the  topographic effect ,so that particular object of interest in enhanced.Here,the 

minerals show different absorption features in the spectra  that act as there characteristic dip and 

used to map these minerals.  Relative band intensities are provided by dividing one band with 

another.(ENVI,2001) 

2.13. Absorption Band Characteristics 

Surface material absorption,wavelenght and emissivity characteristics are the main factors for 

spectral characteristics of the remote sensed materials ,which is very useful for the quantitative 

remote sensing.Absorption band characteristics estimation such as  position,depth, and 

asymmetry of minerals  is associated with the amount(degree of absorber) and also to the  grain 

size of particle. (Van Der Merr.F,2006). 
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3. STUDY AREA 

 

3.1. Rajasthan State 

Rajasthan which is the largest state of India, forms north-western part of the Indian Shie ldand 

occupies 3,42,239 sq km area covering 10.74% of the Indian Territory. The location is within 23 

03'-30 12''N and 69 29'-78 17''E which bounds it on the west and northwest by Pakistan, on the 

north and northeast by Haryana and Uttar Pradesh and on the south-southeast and southwest by 

Madhya Pradesh and Gujarat States respectively (GSI, 2011).The satellite imageries cover four 

districts of Rajasthan that include Udaipur,Chittorgarh, Banswara and Dungarpur.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig 3.1. The study Area 

 

Coordinates of the study area 

Upper left corne Lower right corner 

24° 17' 7.91" E 

 

23° 36' 54.7452"E 

74° 1' 22.99" N 74° 38' 51.9282"N 
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3.2. Physiography 

Physiographically,Rajasthan is evolved by erosional and depositional processes during late 

Tertiary and Quaternary periods, in which landforms and drainage is influenced by 

geology,structure and palaeoclimate(Sinha et.al,1998).As mentioned in report (GSI,2011) the 

state is divided into 4 regions that are:Western desert plains,Aravalli mountain range, Eastern 

plains and  Vindhyanplateau.The western desert plain covering 1,75,000 sq km is a sandy tract of 

dune fields and rocky pavements that  is lying  west of Aravalli hills. The Aravalli hills extends 

the State in a NNE-SSW direction almost from end to end dividing Rajasthan in two unequal 

parts.The hill range is further  divided into: (i) Alwar hills that are northeastern hill range and 

northwest of Jaipur district with an average height of 550-650 m; (ii) Shekhawati hills that are 

central Aravalli hill range comprising hills of Shekhawati and Marwar region with an average 

height of 400 m;(iii)The Mewar hills located on the south-central part covering the area of 

Udaipur, Dungarpur and Sirohi districts (iv) The Mt. Abu hill range, with an average 1,200 m 

height.The study area is situated  southeast of the Aravallirange,that includeMewar hills covering 

the area of Udaipur,Dungarpur.The important rivers include Jakham ,Soneri,Mahi river with its 

two major tributatriesviz.,The chap Nadi and the Moran Nadi. 

3.3. Climate 

Rajasthan state have arid to sub-humid climate.The climate to the east of the Aravalli hill range  

that include the study area is semi-arid to sub-humid with more or less similar extremes of 

temperature,lower wind velocity and high humidity.The rainfall in the Aravalli hill range and 

further to the east is moderate (150 cm per year).  

3.4. Soil 

Rajasthan soil is broadly grouped into(i)Desert Soils,(ii)Sand dune and Sand deposits,(iii)Red 

desertic soils,(iv)Sierozems,(v)Red and yellow soils of the foothills,(vi)Saline and sodic soils in 

depressions,and(vii)Lithosols and regosols(Roy B.B et al.,1978).,Fertility status of the soil is low 

,as concentration of nitrogen being low ,phosphorus being low to medium and medium to high in 

potash .Water retention capacity and organic matter content is very low. The study area have soil 

that are reddish to yellowish red in color with sandy loam to loamy sand in texture.Illite is the 

predominant clay mineral in all the above mentioned soils of Rajasthan. 

3.5. Geology of the Study Area 

Rajasthan have fascinating geology with its rocks range in time span of about 3500 to 0.5 Ma 

,exposing variety of  lithological and tectonic units ,comprising different rocks, mineral deposits, 

and geologic processes(Fig:Sows the Geological Map of the study area).Banded Gneissic 

Complex  are the oldest formation exposed in central and southern Rajasthan.The Precambrian 

rocks of Aravalli hill range that are dividing the state diagonally, consist  of Aravalli and Delhi 

Super groups comprising the metamorphosed gneiss, schist, marble, quartzite, calc silicate and 

ultra basic and acidic intrusive rocks.Vindhyan Super group mainly forming a plateau that have 

rocks such as sandstone, shale and limestone, covers eastern and southeastern parts of the State. 
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In the southern part Deccan trap formation of Cretaceous age are exposed.The states Precambrian 

crustal evolution and geological setting have significant bearing on metallogeny,that provide a 

storehouse of mineral deposits of copper, lead, zinc, gold, tungsten, potash, lignite, mica, graphite 

and many non-metallic minerals and dimensionastones(GSI,2011). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.2.  Geological Map of the Study Area (source: GSI ,1:50,000 map) 
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3.6. Aravalli Supergroup 

Geologically the  study area belongs to South-Eastern Rajasthan that formed during three 

orogenic cycles represented by the terrains named as Banded Gneissic complex(BGC),Aravalli 

Super group and Delhi Super group(Hero,1953).The Aravalli fold belt(the AravalliSupergroup) 

of Proterozoic age has developed with fault and dislocation,due to compression tectonics. The 

AravalliSupergroup is formed by metamorphosed and complexly folded clastic sediments with 

little chemogenic and organogenic assemblages with interlayered basic 

volcancics.TheAravalliSupergroup is mainly divided into three groups as Delwara, Debari and 

Jharol group and ultramafics(Sinha-Roy et al.,1998).In two lithological packages the 

delhisupergroup overlies the Aravalli , and  both unconformably placed over the Achaean 

complex of   gneisses and granites.  

3.7. Stratigraphy of the Aravalli Supergroup 

It can be divided into two principal faciessequences,i.e.the shelf –facies in the east consist of 

mafic volcanics, coarse clastics and carbonates and Carbonate-free deep-sea facies in the west 

containing dominant pelites with quartzite bands.The shelf facies in aravallisupergroup is 

classified into volcanics-dominated delwara group and volcanics-free debari group with an 

erosional unconformity between the two(Roy and Paliwal,1981). 

         Fig 3.3.  Lineament Map of the Study Area 
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Table.1 General Stratigraphic Succession of the Study Area 

 

Era/Pe

riod 

Supergroup          

Group 

Lithounits/Rocktype 

 

Mesoz

oic era 

 

 

 

Deccan 

Traps 

 

Sandstone,Limestone,Conglomerate 

 

Protero

zoic 

Era 

AravalliSupergr

oup 

 

Jharol 

Group 

 

 

Phyllite with thin Quartzite bands 

 

 

Debari 

Group 

 

 

Dolomite,Greywacke(sandstone), 

Phyllite,Conglomerate,Quartzite 

 

…………………Unconformity…………………………… 

Delwara     

Group 

 

        Basic Volcanics,Quartzite,dolomite 

…………………………………..Unconconfirmity…………………………………………. 

Archea

n era 

(Basem

ent 

Sequen

ce) 

Banded Gneissic 

Complex(BGC) 

 

Hindoli 

Group 

 

 

 

Phyllite and Greywacke with metavolcanics 

 

Mangalw

ar 

Complex 

 

 

Greywacke,Quartzite,Amphibolite,Marble,Carbon

Phyllite,etc. 

 

3.8. Banded Gneissic Complex: The Basement 

 

The Banded Gneissic Complex (BGC) consist of rocks  of south-central region that are oldest in 

geological record of Rajasthan.The  BGC rocks are in between of Vindhyan plateau in the east 

and the Aravalli  Hills ranges in the west,which occur in an arcuate terrain.BGC represents a 

cratonic nucleus made up of a heterogeneous assemblage of pre-Aravallimetasediments, 

migmatites, granites, metabasic rocks, pegmatites and aplite (Heron 1917, 1953) .The 

metasediments and the igneous rocks undergoes to multiple cycles and phases which are mixed 

together into composite gneiss.In age between Archaean to middle Proterozoic it is intruded by a 

number of granitic plutons.The terrain of the BhilwaraSupergroup, there is a general increase in 

the grade of metamorphism from east to west that  result into greenschist in the east to granulite 

facies in the west. The rock groups belonging to the greenschist, amphibolite and granulitefacies 

have been categorised as Hindoli Group, Mangalwar Complex and Sandmata Complex 
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respectively in which major lithostratigraphic units has been further subdivided into several 

formations by (Gupta et al.,  1997).  

 

3.9. Hindoli Group 

Hindoli group is the assemblage of both felsic and basic volcanic &volcaniclastics and meta-

graywacke (turbidites) & meta-pelites (flysh-like sequence) representing cross-bedding from the 

quartzite interbands of the group (Sinha-Roy et al.1998) ,and is contained in an arcuate belt 

sandwiched between the cratonic BGC terrain on the west and plat formal Vindhyan sediments 

on the east. 

3.10. Mangalwar Complex 

 

The mangalwar complex is a heterogeneous assemblage of amphibolite-faciesmetamorphites 

comprising of migmatites, composite gneisses, feldspathic mica schist, sillimanite-kyanite-mica- 

schist, hornblende schist, granite gneiss and amphibolite along with minor carbonates  (Gupta 

et.al. 1981). It is overlain by the AravalliSupergroup with an erosional unconformity. 

 

3.11. Sandmata Complex 

 

The Sandmata Complex are the high grade metamorphites, comprising of migmatites, composite 

gneisses, biotite-schist, garnet-sillimanite-staurolite-biotite schist, dolomitic marble, hornblende 

schist with associated granite.Delwara lineament act as a isograde which is a  boundary 

betweenthe Sandmata Complex and the Mangalwar Complex (Sinha-Roy et al.,1998) ,which  

suggested that the Sandmata Complex constitutes only the high pressure granulite facies rocks 

having tectonic contact with the encompassing Mangalwar complex rocks. In the study area the 

lasaria formation of Mangalwar Complex is present which are followed up wards by the rock 

assemblages of Hindoli Group. TheMangalwar and the Hindoli group of rocks are intruded by 

two sets of dolerite dykes  and granite respectively. The important lithology that are included are 

granite and gneiss, Pegmatite, Migmatite composite gneiss, Amphibolite/hornblende schist, Talc 

chlorite schist,Carbonatebodies,Quartzite,Dolomiticmarble,dolomite,Quartz biotite gneiss, 

feldspathic mica schist, Pinkgranite, coarse grained grey granite, leucogranitic,Epidiorite, Chert, 

Conglomerate, Rhyolite, Mica schist, Magnetite Lense. 

 

3.12. Jharol Group 

Jharol Group include carbonate-free sequence of greywacke and phyllite with linear bands of 

quartz-arenite covering western parts of the Aravalli Fold Belt. Thelithosequence contains 

phyllite, chlorite schist, garnetiferous mica schist, quartzite, grit and conglomerate. The rocks of 

the Jharol Group show a progressive increase in metamorphic grade from greenschistfacies in the 

east to lower amphibolite facies in the west (Gupta et al.,1997). 
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3.13. Debari Group 

The Debari Group is  the constitute of the Middle Aravalli Sequence and comprises coarser 

clastics of the coast line environment, synsedimentary basic volcanics and associated pyroclastics 

and shallow marine carbonate and carbonaceous sediments with local development of phosphatic 

and non-phosphatic algal biostromes(Sinha-Roy et al.,1998). It comprises a sequence of 

conglomerate, meta-arkose, quartzite, phyllite, mica-schist, basic metavolcanics with associated 

pyroclalstics, calcareous quartzite, dolomitic limestone, dolomite, calcitic marble, ferruginous 

chert, algal phosphatic dolomite and chert, and carbonaceous and manganiferousphyllite. The 

entire sequence has undergone polyphase deformation and regional metamorphism under 

greenschistfacies.The first order unconformity  exist between Delwara Group and the Debari 

Group which contain clasts of the Delwarametavolcanics within the polymictic conglomerate 

coupled with a structural hiatus(Gupta et.al,1980). 
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Fig3.4. Show the field photographs a)Conglomerate(Debari group), b) Sedimentary 

structures in Debari group region, c)Gneiss(Debarigroup) ,d)Quartzite-Mica Schist quarry 

(Udaipur group)e)Mica-Schist(DebariGroup) f)Dolomite(DebariGroup) g)Soapstone and 

talc mine in the  region  of Debari group 
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3.14. Delwara Group 

Delwara group occupies the lowermost position in the Aravalli stratigraphy. It is the deposition 

which is oldest strandline of volcanism in the Indian Shield and lies above the basement rocks 

with an erosional unconformity.It comprises of lithology such as basic meta –volcanics, 

Dolomitic and calcite marble, phyllite, micaschist, Conglomerate, Volcanic 

Conglomerate.Delwara formation is exposed in the northern fringe of the SararaInlier ,that occur 

south of the Udaipur. The volcanics are represented by schistose to massive,hard and granular 

metabasalt salt containing mainly chlorite,plagioclase,actinolite,epidote with minor hornblende, 

quartz,calcite and biotite(Mohanty and Guha,1994). The amygdular and vesicular characters of 

the metabasites are indicating volcanic parentage. The litho unit starts with clean-washed 

quartzite (orthoquartzites), locally grading into conglomerate. Bhukia area of Banswara district 

comprises marble,quartzite,amphibolite,tuff and cordierite-stauroliteschist,which indicate the 

presence of gold mineralization(Grover and Verma,1993).Ghatol shear zone is a NW-SE-trending 

ductile shear zone that is present on lithounits deformed by three successive phases of 

folding(Sengupta,1976). 

 

3.15.Deccan Traps 

As mentioned in report ( GSI,2011 ) the extensive basaltic volcanism occurred in Late Cretaceous 

to Early Tertiary(65-60 million years ago) in the Peninsular India that was represented by Deccan 

Traps.It covers an area of nearly 10,000 sq km covering western(Jhalawar) and 

southern(Banswara) region of Rajasthan that represent the youngest phase of volcanism.The  

Banswara-Chittorgarh area is characterized by the N-S trending deccan trap plateau with 

prominent scarp on the west. It is emplaced with alkali basalt,alkalisyenite and carbonatite with 

columnar joints, sheet joints, pipe vesicles/amygdules, but no sign of large scale deformation. 
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4. DATA AND INSTRUMENT 

 

The objectives mentioned in previous chapter were  needed to be fullfiled by following a 

particular methodology .And by implementing  data and instruments in the methods the result 

will be produced. 

Table2. Mention the data and instrument utilized during project work 

 

4.1.Satellite Data 

Hyperspectral sensors also known as imaging spectrometers that collect spectral information 

across a continuous spectrum by dividing the spectrum into many narrow spectral bands. 

 

 

 

 

 

 

 

 

                         

Name  

Satellite(Sensor) Acquisition date           

Satellite data EO-1( Hyperion) 

ID-EO1H1470432013067110_kz 

 

2013/ 03 /08 

 

TERRA (ASTER) 

 

2003 / 05 / 08 

LANDSAT(ETM+) 2003 / 04 / 22 

Ancillary data Topo sheets - 45L/2,3,4; 46E/13; 46L/14;46I/1,2 

 

Geological Map of the area (source-GSI) 

(Scale 1:50,000) 

Instruments Hand held GPS 

ASD  FieldSpec®-Pro spectroradiometer  (0.35-2.5 µm ) 

Fourier transform infrared (FTIR) spectroradiometer (2-16µm) 

Softwares ENVI 5, ARC GIS 10.1,  

ERDAS IMAGINE  2014,R3,ViewSpecPro 



 

25 
 

Table.3 Important parameters of the Hyperion data(source: Bijay and S.Singh,2010) 

 

Spatial Resolution 30 m 

Swath Width 7.75 km 

Spectral Channels 242 unique channels. VNIR (70 channels, 356 nm - 1058 nm), SWIR 

(172 channels, 852 nm - 2577 nm) 

Spectral Bandwidth 10 nm (nominal) 

Digitization 12 bits 

Signal-to-Noise Ratio 

(SNR) 

161 (550 nm); 147 (700 nm); 110 (1125 nm); 40 (2125 nm) 

 

As descriped in( EO-1 User Guide,2003) that Hyperion is one of the hyperspectral sensor  that is  

mounted on EO-1 satellite, Table.3 Shows the important parameters of Hyperion data.It is a 

pushbroom instrument covering the spectral range from 0.4 to 2.5 μm  from a 705km orbit.It has  

two grating spectrometers-one in VNIR range (0.4 to 1.0 μm) and other is SWIR (0.9 to 2.5 

μm).Hyperion data of ID- EO1H1470432013067110_kz  acquired on 2013/03/08 is used in the 

current study. Hyperion Level 1 products are available in only Hierarchical Data Format (HDF) 

with the bands written as band interleaved (BIL).The L1R(HDF) data and L1T Geotiff format is 

downloaded from USGS earth explorer website.L1T Geotiff data is used for georeferencing the 

L1R data after processing. The raw HDF data is in Band Interleaved by Line (BIL) format. The 

hyperspectral data faces challenges due to high dimension and computational complexity .As 

hyperion is a space borne sensor the signals are attenuated due to atmospheric effect and detector 

array causes error due to lack of calibration(Goodenough et al., 2003). 

 

     Table 4 .The details of status of different bands in the dataset are in the following table 

Band 

Number 
Condition Remarks 

1-7 No data(Black) Not considered 

 

8-19 

 

Many Stripes (bad) 

 

 

Considered after destriping 

20-27 
No Stripes(No bad 

columns) 
Considered 

27-53 
 

No bad columns 
Considered 
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54-57 Many bad columns Considered after destriping 

58-70 No data(Black) Not considered 

71-76 Overlapped(White) Not considered 

77-83 Stripped Considered after destriping 

84-93 No Bad columns Considered 

94-97 
 

Less stripped 
Considered after destriping 

 

98-99 

 

Overlapped(White) 
Not considered 

100-115 Alright bands Considered 

116 Bad Column Considered after destriping 

117-118 Alright Considered 

 

119-120 

Bad Columns and 

some partially 

white 

 

Considered in which destripping is performed 

121-193 

 

White(hazed) and 

some are stripped 

 

Not considered 

194-197 Alright Considered 

 

198-242 

 

 

Haze & striped 

 

Not considered 

 

The Advanced Spaceborne  Thermal Emission and Reflectance Radiometer( ASTER) instrument 

on Terra platform launched on December 18,1999 has been used for mineral mapping in 

geological remote sensing.( Yamaguchi, Y., and Naito, C., 2003). Crosstalk problem is generally 

seen in the instrument ,in which light from 4th band is leaked into SWIR bands 

detectors.Reflectance from side bands detectors that are band 5(2.16 µm) and band 9(2.39µm) 

are sensed by band 4 detector.ASTER processing and calibration includes channel co-registration, 

geometric and radiometric correction, crosstalk correction and atmospheric correction,for 

reflectance data.Due to lack of band in blue region the natural color composite images are not 

possible.Specification of ASTER is given below in table 5. 
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Table 5 Specification table of ASTER (ASTER user guide) 

 

The Enhanced Thematic Mapper Plus (ETM+) instrument is a  eight-band ,multispectral scanning 

radiometer  present on the Landsat 7 satellite capable  of detecting radiation in VNIR-SWIR, 

LWIR and panchromatic bands with spatial  resolution of 30m,60m,15m respectively in a 183 

km wide swath when orbiting at an altitude of 705 km. ETM data  has been used to identify  clay 

and iron oxide minerals(Dehnavi.A.G.et.al,2010). 

 

 

 
 

 

Fig.4.1. Hyperion and ASTER spectral bands compared to landsat-7 ETM+(source 

Waldhoff et al,2008) 
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4.2 Software 

 

The  ENVI, ARC GIS, ERDAS, Hyperion Tools, RS3 and ViewSpec Pro6.0.softwares were used 

during processing and analyes of satellite imageries.ArcGIS and ERDAS were used to 

georeference, digitize and map preparation purpose. RS3 and ViewSpec Pro was used to collect 

data from field and converting the Spectra data into absolute reflectance.  

 

4.3 Instruments 

4.3.1 ASD Field Spec4 Spectroradiometer 

The FieldSpec® 4 Hi-Res is a high resolution spectroradiometer designed for faster, more precise 

spectral data measurements .Some of the specification from (ASD, Inc www.asdi.com website) 

is as following:-It provides good spectral performance  which covers solar irradiance 

spectrum(350 nm – 2500 nm) with 3nm and 10 nm for VNIR and SWIR respectively. The 

sampling interval is 1.4nm at 350-1050nm and 2nm at 1000-2500nm spectral range. 

4.3.2 Garmin GPS 

 

The Global Positioning System (GPS) is a satellite-based navigation system made up of a network 

of 24 satellites placed into orbit  to obtain the geographical coordinates of the location  from 

where samples were collected.  

 

4.3.3 Fourier Transform InfraRed (FTIR) Spectroradimeter 

 

FTIR measures quantitative radiance calibrated with the measurement of blackbodies with known 

temperature.It works on the principle of Infrared spectroscopy. The emmisivities is derived from 

the radiometric calibration after thermal equilibrium is reached, that should be accurately done in 

laboratory. The instrument works in the Spectral Range 2-16 µm  

Three input optic with different diameters and field of views:- 

  1 inch in diameter, with a 4.8 degree field of view.  

  2-inch diameter with 2.4 degree field of view. 

  3-inch diameter spot at about 3 feet away.  

 The samples were analysed in the laboratory using 1 inch FOV. (source: Korb.A.R. et.al,1996)    
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           Fig 4.2 . FTIR Instrument a)Black body for calibration b)Gold Plate d)Embedded 

computer system 
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5. METHODOLGY 

 

The present methodology is intended to prepare  spectral library of the field collected rock 

samples  using instrument that are  ASD  FieldSpec®-Pro spectroradiometer (range 0.35-2.5 µm 

) and Fourier transform infrared (FTIR) spectroradiometer (range 2-16µm), and further fulfilling 

objective of preparing mineral abundance map using image and field derived spectra’s. Second 

objective of the project is fulfilled by estimating the absorption band characteristics using linear 

interpolation technique that is mentioned by Van der Meer et al., 2003. 
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Fig 5.1.  Flow chart of the methodology adopted 
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5.1 Field Work Creation of spectral library 

 

Field work was performed during October, 2014 to collect rock samples from various 

lithounits of Aravalli fold belt in the South-Eastern Rajasthan. Geological map, Satellite 

Imageries, Toposheets and hand held GPS instrument were used to locate the location for 

collecting the rock samples. For the creation of spectral library these rock samples were 

analyzed using FieldSpec®-Pro spectro-radiometer (range0.35-2.5 µm)   and Fourier 

Transform Infrared Spectroradiometer (range 2-16 µm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.2. Showing the Flow chart for methodology 

                                                  

5.2 Pre-processing for Hyperion data 

The challenges faced by processing and interpretation of hyperspectral data is due to high data 

volume, redundancy in information, need for calibration, and large number of bands. Since 

Hyperion sensor operates from a space platform with modest surface signal levels and a full 

column of atmosphere attenuating the signal, the data demand careful processing to manage 
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sensor noise. The errors are said to be caused due to calibration differences in the detector array 

(Goodenough et al., 2003).Further the atmospheric effect or malfunctioning of sensor mechanism 

also causes errors which has to be corrected for converting it into reflectance data. Some of the 

radiometric corrections performed for the Hyperion data are as follows. 

5.2.1 Bad band removal 

Out of the 242 bands of Hyperion data, some of the bands are not illuminated and others 

correspond to areas of low sensitivity and in lower and upper ends of the spectral range exhibit 

poor signal to noise ratio, so spectral subset has to be done to remove the unwanted bands.  

Table 6  Details of different Hyperion bands 

Band Number Condition Remarks 

1-7 No data(Black) Not considered 

 

8-19 

 

Many Stripes (bad) 

 

 

Considered after destriping 

20-27 No Stripes(No bad columns) Considered 

27-53 
 

No bad columns 
Considered 

54-57 Many bad columns Considered after destriping 

58-70 No data(Black) Not considered 

71-76 Overlapped(White) Not considered 

77-83 Stripped Considered after destriping 

84-93 No Bad columns Considered 

94-97 
 

Less stripped 
Considered after destriping 

 

98-99 

 

Overlapped(White) 
Not considered 

100-115 Alright bands Considered 

116 Bad Column Considered after destriping 

117-118 Alright Considered 

 

119-120 

Bad Columns and some 

partially white 

 

Considered in which destripping is 

performed 

121-193 

 

White(hazed) and some are 

stripped 

 

Not considered 

194-197 Alright Considered 

 

198-242 

 

 

Haze & striped 

 

Not considered 
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5.2.2 Bad Column Removal (Destriping) 

 

At the time of capturing the image some detectors of Hyperion sensor either completely fails to 

function, or becomes temporarily saturated during a scan, and result into dark and bright columns 

in the raw image which are known as striping and further needed to be removed (Dickerhof et 

al.1999).The bad columns were replaced by taking the average of the previous and next columns. 

 Vi,j=(Vi,j+1+Vi,j-1)/2 (5.1) 

  

Vi,j = The bad column 

Vi,j-1 = Preceding column 

Vi,j+1 = Succeeding column 

(a) Random bad pixels correction 

Sometimes the detector does not record spectral data for an individual pixel in an image. The 

pixel is denoted as random bad pixels that can be processed by running a Convolution filter over 

the image using ERDAS model maker. Convolution filter is a spatial enhancement technique that 

uses a matrix to average small sets of pixels across an image. This filter is run over whole bands 

in the model and the pixel having equal to or less than 0 value is convolved. The following 

convolution formula is used to produce an output data file value for the pixel being convolved (in 

the center): (Source: Modified from Jensen 1996; Schowengerdt 1983) 

 

 

 

 

 

 

(5.2) 

Where: f ij  = the coefficient of a convolution kernel at position i,j (in the kernel). 

dij  = the data value of the pixel that corresponds to fij . 

q    = the dimension of the kernel, assuming a square kernel (if q=3, the kernel is 3 × 3). 

F    = either the sum of the coefficients of the kernel, or 1 if the sum of coefficients is 0    

V   = the output pixel value in cases where V is less than 0, V is clipped to 0. 

5.2.3 Atmospheric Correction 

The atmospheric gases, aerosols (airborne particulate matter) and clouds scatter and absorb solar 

radiation and can modulate the reflected radiation from the earth that is captured by sensor in the 

attenuated form (Lillesand and Kiefer, 1999). Solar radiation is affected by its path through the 



 

34 
 

atmospheric absorption and scattered in the combined Sun-surface-sensor. Various techniques is 

being used to correct the atmospheric effect that include Radiative Transfer Code (Atmospheric 

Models) and Empirical Atmospheric Correction Methods. Here atmospheric model named 

FLAASH(Fast line of sight Atmosphere Analysis of Spectral Hyper cubes) has been used to 

compensate the effect of atmosphere and converting the radiance value into reflectance .Different 

Parameters have been used for  incorporated MODTRAN-based radiation transfer model .The 

data are reduced to units of reflectance after removing the effect of atmosphere from the spectral 

imagery of the Earth’s surface which can be used for different applications ,one of them is mineral 

differentiation  and identification . 

FLAASH handles data from variety of Hyperspectral and Multispectral sensors, here in 

the project both Hyperion and ASTER radiance data was converted into reflectance by giving 

different parameters in the model that supports algorithms for water vapor, aerosol retrieval and 

adjacency effect correction. As FLAASH requires the input radiance image containing calibrated 

radiance data in a floating point, long integer (4-byte signed), or integer (2-byte signed or 

unsigned) data type having units W/cm² * nm* steradian, so image should be in BIL or BIP 

format. To convert the raw image into radiance units all the VNIR bands should be divided by a 

scale factor 40 and the SWIR bands by 80 for Hyperion data. For inputting the image in FLAASH 

those band should be divided by 400 and 800respectively. A text file containing array of 400 for 

first VNIR bands and 800 for the SWIR bands was created and used at the time of inputting the 

image in FLAASH. ASTER uses scale factor of 10 in the FLAASH model. 

Spectral enhancement techniques is applied over reflectance data resulted from atmospheric 

correction (FLAASH).In this image is enhanced  by transforming the values of each pixel on a 

multi band basis.(ERDAS Field Guide,1999) 

 

5.2.4 Principal Component Analysis (PCA) 

Another most important spectral enhancement technique that have been utilized in analysis of 

satellite datasets is Principal Component Analysis(PCA).The Principal Components (PC) 

transformation is used to produce uncorrelated output bands ,segregated noise components and to 

reduce the dimensionality of data sets. PCA produce better interpretable images that has the 

ability to reduce the data from the numerous numbers of n bands to a selected few bands with 

same number of original data sets (Jenson J.R., 1996).  

PCA transformation is done to find out the new orthogonal axes that have their origin at 

the data mean and maximized variance for rotated data. The statistical concept of transformation 

is as follows, firstly covariance or correlation matrix of n-dimensional data sets have been 

calculated, further Eigen values and Eigen vectors of the correlation /covariance matrix of n-d is 

defined as a diagonal matrix E= [λ11, λ22, λ33……… λnn] and EV=[akp….. for k=1 to n bands, 

and p=1 to n  principal components]respectively. The new brightness value of BVi,j,p for the 

component p is computed by following formula(Jenson J.R.,1996)       

: 
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 BVi,j,p=  k=1∑ n akp BVi,j,k 

   

(5.3) 

Where, akp is Eigen vectors BVi,j,k is Brightness value in k band for the pixel at ith row and jth 

column for n number of bands 

Equation result into linear combination of bands that are uncorrelated. The variance of the data is 

largest in first variance and further variance decreases in other PC bands. The last PC bands 

appear very noisy because they contain very little variance, much of which is due to noise in the 

original spectral data. Combination of PC bands produce colorful color composite images as PC 

bands are uncorrelated .The scope of PCA in geological application is very wide, as first PCA is 

considered as albedo (intensity) image and other images give spectral information. The Eigen 

vector provides the contribution of every PCA for each band.  

5.2.5 Minimum Noise Fraction 

MNF Transformation is a modified form of Principal component analysis (PCA) which is used to 

determine the inherent dimensionality of image data, to segregate noise in the data and to reduce 

the computational requirements for subsequent processing (Boardman and Kruse 1994). Two 

cascaded Principal Component’s transformations have been implemented in the study and the 

inherent dimensionality of the data was determined by examination of the final eigenvalues. After 

the forward MNF transformation the plot between Eigen values and number of band is used 

to categorize the bands that will be used for further processing steps. All three satellite 

imageries have under gone through the MNF transformation. 

i. Pixel Purity Index (PPI) 

Pixel Purity Index (PPI) is performed on above selected MNF bands to find the most spectrally 

pure or “extreme” pixels in the satellite data. PPI is computed by projections of n-dimensional 

scatter plots to 2-D space and marked as the extreme pixels in each projection. The output PPI 

image is created in which the digital number of each pixel corresponds to the number of times 

the pixel is recorded as extreme. Thus, the bright pixels in the image show the spatial location 

of the spectrally pure pixels and darker Pixels are less spectrally pure(ENVI Tutorial,2001). 

Along with the PPI image the plot between PPI iteration and cumulative frequency is also 

generated. The threshold value is selected for keeping the number of pure pixels minimum and 

these are transferred to interactive visualization for separation of endmembers. 

 

ii. N-d Visualization for Endmember selection 

After spatially reducing the data using PPI technique the selected pure pixels are delivered to N-

d scatter plots where spectra is considered as points and n is the number of bands. The coordinates 

of the points in n-space consist of “n” values that were simply the spectral radiance or reflectance 

values in each band for a given pixel. The distribution of these points in n-space was used to 

estimate the number of spectral endmembers and their pure spectral signatures. The extreme 

pixels as spectrally distinct endmembers were determined and used to locate the corresponding 
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pixels on the satellite image. These extreme pixels are verified using the ground truth data, field 

survey or position in satellite imagery. Thereafter, pixels were extracted from the original spectral 

bands of satellite data to derive endmembers.  

5.3  Mapping of minerals 

After deriving the endmembers from image and field, the whole image is mapped with mineral 

by using technique that are as follow: 

5.3.1 Spectral Angle Mapper 

Spectral angle mapper (SAM) is a procedure that determines the similarity between a pixel and 

each of the reference spectra based on the calculation of the “spectral angle” between them 

(Boardman and Kruse, 1994).The algorithm determines the spectral similarity between two 

spectra by calculating the angle between the spectra and treating them as vectors in a space with 

dimensionality equal to the number of bands. Here in the project the SAM is performed for field 

or image derived spectra (endmember spectra) and compares the angle between the endmember 

spectrum vector and each pixel vector in n-D space. Certain maximum angle (radian) is assigned 

in the algorithm that is 0.1 by default, in which smaller angles represent closer matches to the 

reference spectrum. The default value of maximum angle (radian) can be altered as per 

requirement. Pixels further away from the specified maximum angle threshold in radians are not 

classified. SAM determines the similarity of an unknown spectrum A to a reference spectrum B 

by applying the following equation.  

 

Fig 5.3.  Spectra Angle Mapper 

The spectral angle measure (Kruse et al.,1993) between two spectra portrayed as vectors 

ri=(ril,…..riL)T AND rj=(rjl,…….rjL)T and their respective spectral signature si=(sil,……,siL)T 

and sj=(sjl,….sjL)T is given as:- 
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(5.4) 

5.3.2 Analysis of Satellite Imageries 

After applying all the corrections, noise and data reduction techniques, further analysis of data is 

performed. The endmember derived from the image and spectra generated using field samples, 

are validated using USGS spectral Library. Spectral Analysis is done by assigning 50 percent 

weights to spectral angle mapper and spectral feature fitting, respectively. The result is different 

scores for each match of the unknown to known spectra, and the match with highest score will be 

preferred for validating the field and image spectra. This result into named endmember of interest 

for mapping the minerals over whole image. 

5.3.3 Absorption Band Characteristics 

The spectra of some samples that are Montmorillonite, Illite, Kaosmectite, Dolomite, Calcite, 

Magnetite, Muscovite, Chalcopyrite, Anorthite, Chlorite collected from field were further studied 

for absorption band characteristics. The position, depth, width, and asymmetry of the feature are 

characterized as absorption band parameter which have been used to quantitatively estimate 

composition of samples from hyperspectral field and laboratory reflectance data (Van Der Meer.F, 

2004). The absorption in a spectrum has two components, a continuum and individual feature 

itself. The continuum or background is the overall albedo of the reflectance curve. The continuum 

is divided into the original spectrum to normalize the absorption bands to a common 

reference.(See Clark and Roush, 1984 ).The continuum removed spectra also referred as Hull 

quotient spectra has been used to characterize the absorption feature by estimating the position, 

depth, and asymmetry. The simple Linear interpolation technique is applied for estimating the 

parameters that have been described by(Van Der Meer.F,2004) .Firstly, the absorption feature for 

the mineral of interest is determined by visual inspection or expert knowledge on spectroscopy 

from which shoulders that denotes the shorter and longer wavelengths (S2 and  S1) see fig: is 

defined. Further continuum is removed and two bands are selected as the absorption point (A1 

and A2) that is used in the interpolation technique. The coefficients C1 and C2 are calculated by 

applying formula: 

 

 

 

C1= (depth1)2+(S1 –A1)2 and   C2=(depth2)2+(S1-A2)2 (5.5) 

Interpolation is applied between shoulders (S1 and S2) and Absorption points (A1 and A2) that 

result into absorption wavelengths position. 

 

 

(5.6) 

The associated absorption band depth is derived by: 
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(5.7) 

 

 Asymmetry= (W1-S2)-(S1- W1) 

 

(5.8) 

The asymmetry value ranges between 0-1.Zero is for perfect symmetry of the absorption feature, 

a negative value is for asymmetric absorption feature and skews towards the short wavelength, 

where as a positive value indicate that absorption feature is skewed towards the longer 

wavelength. 

 

 

 

 

 

 

 

 

 

 

 

The absorption band depth defined relative to continuum is related to the amount (degree of 

abundance)of the absorber ,as well as the grain size of the mineral(Gupta R.P.,2006). The 

continuum removal is necessary to normalize the reflectance values, so that it allows 

comparison of spectra for interpretation. The subtle changes in spectra denote the fine variation 

in the mineral chemistry. 

Fig Showing continuum and absorption band parameters (Van Der Meer.F, 2004) 

 



 

39 
 

5.3.4.Band Ratios 

The spectral enhancement technique of band ratio is used to increase the spectral contrast, so that 

successful mapping of alteration zones can be performed (Segal, 1983). Different band ratios 

listed below in the table 8 have been applied to multispecral data and Hyperspectral data. 

Table 7 Ratio applied to ASTER data 

 

 

 

 

 

  

Sl.no Indices ASTER Data 

Formula 

1 Muscovite Index b5/b7 

2 Dolomite index (band 6 + band 8) / 

band7 
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6. Result and Discussion 

 

The present chapter represent the outcomes that resulted by following the above mentioned 

methodology .It also discusses the explanation and validation, which fulfil all the objectives and 

provide answers to the research questions.  

6.1 Field work investigation 

 

Field work resulted into the collection of 28 rock samples covering regions of South East 

Rajasthan that were also overlapped by satellite imageries.In laborartory spectra of the rock 

samples were generated using FieldSpec®-Pro spectroradiometer (0.35-2.5 µm) and Fourier 

transform infrared (FTIR) spectroradiometer (2-16µm).The table shows the list of   eight samples 

with their corresponding spectras that were validated using USGS mineral spectral library. 

 

Table 8: shows the list of rock samples and there corresponding spectra’s 

Photographs of 

the Rock samples 

Spectras generated from FieldSpec®-

Pro  spectroradiometer (0.35-2.5 µm) 

     X axis is wavelength  

     Y axis is reflectance 

 

 

Location and 

Remarks 

 

 

 

 

24°1'6.452"N 

74°10'47.744"E 

 

 

 

Visually the sample is 

identified as Impure 

quartzite and 

Spectrally shows the 

presence of clay 

mineral. 
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24 1' 10.37"N 

74°10'49.18"E 

 

 

Visually the sample is 

identified  as Mica 

Schist and spectrally 

shows the presence of 

muscovite(mica 

mineral) 

 

 

 

 
24° 2'2.36"N 

74°21'24.84"E 

 

 

Visually sample is 

identified as Siliceous 

Marble and spectrally 

shows the presence of 

calcite 

 

 

 

 23°59'18.62"N 

74°15'55.72"E 

 

Visually sample is is 

talc with  quartz  and 

spectrally shows the  

presence of serpentine 

 

 

 23°59'29.38"N 

74°17'20.03"E 

 

Visually sample is 

identified as the 

dolomite(Carbonate) 

and spectrally also its 

shows the presence of 

dolomite. 
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6.2. Processing of Satellite Imageries 

 

The vigorous processing and analysis of satellite imageries were performed  for better analysis 

and interpretation of  datasets for mapping minerals.The radiometric corrections performed on  

satellite imageries has resulted into correction  of deviation  in data values that were present due 

to specific distortions during the time of  data acquisition.It includes bad band 

removal,Destripping and reduction of noise pixels.Spectral subset is performed to  remove  bad 

bands, that resulted into continuous spectra from the image. The bad columns that have relatively 

different values as compared to the surrounding values is repaired .That is done by taking average 

of preceding and succeeding values on either side of the bad column.Bad pixels or random noise 

is reduced by running the convolution filter over the image in the erdas model maker. Visual 

examination and comparsion of bands in raw Hyperion and preprocessed data has resulted into 

noise reduced image.   ASTER image is oriented to north direction by rotating the image at an 

 

 

 

 
24°8'31.236"N 

74°8'18.69"E 

Visually sample is 

identified as phyllite  

and spectrally shows 

the presence of 

muscovite(mica 

mineral) 

 

  

24°8'45.668"N 

74°4'59.67"E 

 

 

Visually sample is 

identified as 

amphibolite and 

spectrally shows the 

presence of chlorite 

 

 
23° 53' 46.1"N, 

74° 21 '00.7"E 

 

Visually sample is 

identified as talc-

soapstone and 

spectrally  shows the 

presence of 
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angle of 9.54.Visible near infrared bands(VNIR) and Shortwave infrared band (SWIR) bands are 

stacked together for further processing.Similarly ,bands of VNIR and SWIR of LANDSAT image 

were stacked together. 

 

 

 

 

 

 

 

 

 

           

                                              Fig 6.1. Destripping of band 

 

6.3. Processing of ASTER data 

 

6.3.1. Atmospheric Correction 

Atmospheric correction is performed using absolute correction model named FLAASH (Fast line 

of sight Atmosphere Analysis of Spectral Hyper cubes) which has been used to compensate the 

effect of atmosphere and converting the radiance value into reflectance. Similarly atmospheric 

correction is performed over preprocessed ASTER and LANDSAT data. The FLAASH results of 

satellite imageries were   validated by comparing the vegetation spectra’s of both raw and 

atmospheric corrected images. The parameters used in FLAASH are listed in table:- 

 

 Table 9: Parameters used in FLAASH model for Atmospheric Correction 

 

Sensor type             Hyperion           ASTER 

Pixel size 30m 30m 

Ground elevation 0.252 km 0.379 km 

Scene centre 

Latitude/Longitude 

23° 57' 47.4192“E 

74° 16' 1.3872“ N 

23° 57' 2.9772“ E 

74° 20' 9.1818“ N 

Sensor altitude 705km 705km 

Visibility 40 km 40km 

Flight date & flight time 8/5/2013& 5:8:6 8/5/2003& 5:50:12 

Atmospheric model Tropical Tropical 

Aerosol model Rural Rural 

Aerosol Retrieval 2-Band(K-T) None 

Water Retrieval Yes No 

Water  Column 

Multiplier 

1135nm 1 

 
     Bad column 
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Fig 6.2. Validation process of FLAASH result a)vegetation spectra before FLAASH b)Vegetation 

spectra after FLAASH 

 

6.3.2. Minimum Noise Fraction 

 

MNF transformation was applied after atmospheric corrections. MNF technique applied to 143 

Hyperion bands  resulted into same number of bands, but first  band have large Eigen values that 

is 31 and after that values start decreasing. At certain level Eigen values become 1 that indicate 

the presence of  noise data. The Fig: shows the Eigen value plot that show the trend of 

variance/Eigen value  in different bands. By considering results ,the spectral subset  of the MNF 

bands  is done to include only those bands  that are  spatially coherent and the eigenvalues are 

above the break in slope of the MNF Eigenvalue plot. So the first 5 bands of the MNF 

transformation were selected for further processing in the case of Hyperion.  

 

a) Before FLAASH b)After FLAASH 
  

  

  
 



 

45 
 

a) b) 

 

 

 

 

 Principal Component Analysis is a transformation technique which rearrange the bands into 

increasing variance,here the RGB combination of PC1,PC2,PC3 is used to enhance the image for 

lithology disrimination . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.3. Showing the MNF output and  the eigen value plot a)Hyperion data b) ASTER data 

Fig 6.4. PCA output for ASTER 
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6.3.3 Pixel Purity Index  & N-d visualization for endmember selection 

 

Pixel Purity Index (PPI) is used here to find the most spectrally pure (extreme) pixels in 

multispectral and hyperspectral image. The image is black and white image. The PPI is run on 

MNF transform result, excluding the noise bands. A Pixel Purity Image is created where each 

pixel value corresponds to the number of times that pixel was recorded as extreme. Further, the 

result of the PPI are used as input into the n-D Visualizer. The result of the PPI are usually used 

as input into the N-d Visualization and used for selecting the endmembers. 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

6.3.4.Spectral Analysis and Mapping of Minerals 

 

Endmembers are validated using USGS spectral library and  named according to the score of 

match between known and unknown in spectral analysis.Endmembers derived from imagery and 

spectra generated from field samples were used in Spectral Angle Mapper technique  to  prepare 

two separate  maps using Hyperion data. Similarly,endmembers from ASTER data were also used 

to prepare the mineral abundance map.The resultant maps were validated from the Geological 

Map of 1:50,000 scale. 

 

Table 10 Showing endmembers(Fieid derived and image derived)taken as classes for SAM 

 

S.N

o 

Name of the 

Class 

Chemical Formula 

 

 

Score 

(Field 

Derived

) 

Score 

(Image 

Derived

) 

1 Dolomite CaMg(CO3)2 

 

769 741 

2 Calcite CaCo3 907 764 

Fig 6.5. Showing PPI outcome and Endmember selection in n-d visualization 
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3 Talc Mg3Si4O10(OH)2 

 

603 767 

4 Illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O

)] 

 

861 710 

5 Montmorillonit

e 

(Na,Ca)0.33(Al,Mg)2(Si4O10)(OH)2·nH2O 784 786 

6 Kaosmectite (Mg,Fe)3Si2O5(OH)4 

 

754 755 

7 Phlogopite KMg3AlSi3O10(F,OH)2 905 _ 

8 Biotite K(Mg ,Fe) 3AlSi 3O 10(F,OH) 2 682 _ 

9 Muscovite KAl2(AlSi3O10)(F,OH)2, 935 _ 

10 Chlorite  

(Mg,Fe)3(Si,Al)4O10(OH)2·(Mg,Fe)3(OH)

6 

864 _ 

11 Augite (Ca, Na)(Mg,Fe,Al,Ti)(Si,Al)2O6 816 _ 

12 Tremolite Ca2(Mg5.0-4.5Fe2+
0.0-0.5)Si8O22(OH)2 811 _ 

14 Serpentine ((Mg, Fe)3Si2O5(OH)4) _ 697 

15 Orthoclase KAlSi3O8 _ 735 

16 Goethite (FeO(OH)) _ 721 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.7. Shows the spectra of a)calcite and b) dolomite derived from field, 

image and USGS spectral library 

 

https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Hydroxide
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Oxygen
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                             Fig 6.7  SAM Classification for Image derived endmembers  

 

  Legends 
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Fig 6.8.  Classified Map using endmembers derived from Field samples 
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6.4. Spectral Enhancement Technique 

 

6.4.1. Band Ratio 

 

Two band ratios were applied for increasing the contrast in the image for enhancing the lithology. 

Firstly Carbonate Index (b6/b8+b7) (Fig :) was applied which resulted into enhancing the 

carbonate lithology in the ASTER image .Secondly Muscovite (mica) Index(Fig:) was applied 

for enhancing the mica containing lithology. The resultant image was validated from Geological 

map and also cross validated from classified result. Carbonate Index enhances carbonate 

containing lithology which was verified from geological map showing the presence of Dolomitic 

marble.  

 

Band 5,6,7,8 of ASTER image is 2.16µm, 2.209µm, 2.26µm, 2.33µm respectively (Pour A.B., 

Hashim.M. 2011). 

Carbonate (CaCO3) has the chemical composition of carbonate ion which shows the absorption 

band at 2.3 µm,due to which spectra shows the absorption dip at 2.3 µm. 

 

Muscovite Index (b5/b7) was applied to the ASTER image. Muscovite  is a mica mineral which 

has the presence of Al-OH(Gupta R.P,2003).This Al-OH shows the absorption band   at 2.3 µm 

described in (GuptaR.P.,2003) which is clearly observed on the spectra (Fig:) .This principle 

resulted into enhancement of mica bearing lithology in the ASTER image. This result was verified 

using the Geological map which shows the presence of mica schist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.9 Carbonate Index applied to ASTER imagery 
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Fig 6.11. Showing the band indices for R=b3/b1,G=b5/b4,B=b5/b7 

Fig 6.10. Muscovite (AL-OH)Index applied to ASTER imagery 
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The band ratio applied over LANDSAT image with combination of RGB, that include red as ratio 

between band 3 and band 1,blue as ratio between band 5 and band 7,Green as ratio between band 

5 and band 4.The ratio is  for iron ,silica and clay respectively. 

6.5. Absorption band characteristics  

The absorption band characteristics such as depth, asymmetry, and wavelength position were 

estimated   for field samples using linear Interpolation technique described in the (Van Der 

Meer.F, 2006). The equations used for finding out the parameters are mentioned in the previous 

chapter of methodology. 

Analysis of a simple scatter plot between estimated depth and wavelength is done. Thus, it shows 

the simple trend of alteration mineral zones. The hydrothermal alteration mineral zones are 

categorized in gossan, Ore zone, potassic zone, phyllitic zone, argillic zone, propyllitic zone, and 

unaltered zones (Lowell and Guilbert, 1970).As mentioned by( M de Jong .S;  van der 

Meer.F,2006) that increase in alteration intensity is related to the increase in AL-OH content 

.And, here in this study Al-OH content can be related to the absorption depth parameter. The 

simple trend of increase in absorption depth shown by minerals are calcite, dolomite, Illite, 

Chlorite Montmorillonite Kaosmectite and Muscovite. This is related to the simple trend of 

increase in AL-OH amount and alteration intensity. The muscovite is from relatively higher 

altered zone as compared to the other minerals that are analyzed, as it consist the highest amount 

of AL-OH content. The asymmetry of all the minerals shows that the spectral feature is skewed 

to shorter wavelength .Here, also muscovite is more skewed to shorter wavelength as compared 

to other minerals. The calcite and dolomite are the host or unaltered rock of the region and shows 

the less alteration as compared to other mineral. 

Table 11 Absorption band parameters estimated using linear Interpolation Technique 

 

 

 

Name of the Mineral 

Absorption  

Wavelenght 

Depth 

Parameter 

 

Asymmetry 

Muscovite 2.192 0.419 -0.09 

Kaosmectite 2.197 0.201 -0.054 

Montmorillonite 2.213 0.122 -0.08 

Chlorite 2.310 0.036 -0.024 

Illite 2.227 0.024 -0.07 

Dolomite 2.309 0.372 -0.025 

Calcite 2.310 0.051 -0.017 

Dolomite mine1 2.302 0.459 -0.021 

Dolomite mine 2(1) 2.300 0.511 -0.023 

Dolomite mine2(2) 2.298 0.860 -0.024 

http://geosphere.gsapubs.org/content/2/4/236/F5.expansion.html#ref-15
http://www.worldcat.org/search?q=au%3AJong%2C+Steven+M.+de&qt=hot_author
http://www.worldcat.org/search?q=au%3AMeer%2C+Freek+van+der&qt=hot_author
http://www.worldcat.org/search?q=au%3AMeer%2C+Freek+van+der&qt=hot_author
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Fig 6.12:Shows the plot between Wavelenght (X-axis) and Depth (Y-axis) 
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7. Conclusion 

 
 

Remote sensing technology is developing in India rapidly, which has led to integration of this 

tool with different other fields. In this project the spectroscopy which is a science is integrated 

with the remote sensing to explore the range from 2- 14 µm in electromagnetic spectrum for 

discriminating and identifying the minerals that are main constituents of the rocks. The South-

Eastern parts of Aravalli fold belt in Rajasthan, which has rich and exposed geology on the earth 

surface, has been targeted for lithology discrimination and identification of minerals. The remote 

sensing technology combined with instruments like spectroradiometer has bright future in the 

field of mineral exploration. Many minerals shows the unique spectral feature in the certain range 

of electromagnetic spectrum, so involvement of thermal region has led to widen the scope of 

remote sensing in mineral mapping. 

The alteration mineral zones that include clay, iron bearing minerals and also some carbonates 

and tecto silicates such as quartz, feldspar. From the essence of the present cations as depicted 

from FTIR and ASD spectro-radiometer, arigillic to propylitic zone of alteration is evident. This 

takes cues mainly from the dominance of Ca bearing phases.  It can also be approximated that the 

inferred altered zone is not in the vicinity of an intrusion.  The work also reveals the spectroscopy 

of clay, and iron bearing mineral are limited to VNIR-SWIR, but many tecto- silicates show 

typical spectral signatures only in TIR region. So, the utilization of wider electromagnetic range 

can supersede the imposed limitations.  

It is felt that complimentary geochemical data is also required to establish a perfect spectral 

signature as the minor lattice level impurities would have a major role in so called distortion of 

typical spectra and this can only be bought into light by geochemical analysis. On the other hand, 

the analysis of spectral feature that includes absorption band characteristics will lead to fill the 

gap between geochemistry and remote sensing as studied by other workers (viz. Van der Meer., 

2006). By accurate estimation of the spectral feature, the information about composition and also 

grain size can be obtained.  

The science content in this field have unlimited opportunity but, limitation is technology that has 

to be developed for accurate acquirement of spectral information. In the case of remote sensing 

the lack of high spectral resolution and presence of noise are the damaging factors. Once these 

limitations are eliminated from the data, more scopes will open up in the relevant field. 
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