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In this article, we discuss the potential of airborne 
hyperspectral data in mapping host rocks of mineral 
deposits and surface signatures of mineralization  
using AVIRIS-NG data of a few important geological 
provinces in India. We present the initial results from 
the study sites covering parts of northwest India, as 
well as the Sittampundi Layered Complex (SLC)  
of Tamil Nadu and the Wajrakarur Kimberlite Field 
(WKF) of Andhra Pradesh from southern India.  
Modified spectral summary parameters, originally  
designed for MRO-CRISM data analysis, have been 
implemented on AVIRIS-NG mosaic of Jahazpur, Ra-
jasthan for the automatic detection of phyllosilicates, 
carbonates and Fe–Mg-silicates. Spectral analysis over 

Ambaji and the surrounding areas indicates the pres-
ence of calcite across much of the study area with kao-
linite occurring as well in the north and east of the 
study area. The deepest absorption features at around 
2.20 and 2.32 μm and integrated band depth were 
used to identify and map the spatial distribution of 
phyllosilicates and carbonates. Suitable thresholds  
of band depths were applied to map prospective  
zones for marble exploration. The data over SLC 
showed potential of AVIRIS-NG hyperspectral data in 
detecting mafic cumulates and chromitites. We also 
have demonstrated the potential of AVIRIS-NG data 
in detecting kimberlite pipe exposures in parts of 
WKF.  
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Introduction and background 

WITH the advent of hyperspectral remote sensors or im-
aging spectrometers, it is now possible to detect and 
quantify minerals, rocks and various other earth resource 
constituents1–3. Imaging spectroscopy has also become an 
invaluable tool for remote compositional assessment of 
planetary bodies such as the Moon, Mars, asteroids,  
Jovian planets and comets4–9. Even though quite a few 
imaging spectrometers have been flown globally from 
aerial and space-borne platforms, in India the efforts  
towards developing hyperspectral sensors are relatively 

recent. The first Indian imaging spectrometers include 
Hyperspectral Imager (HySI) onboard Indian Mini Satel-
lite-1 (IMS-1) for Earth observation and Chandrayaan-1 
(refs 10, 11) for lunar surface compositional mapping in 
2004 and 2008 respectively. 
 In India, various researchers have utilized the remotely 
sensed hyperspectral data for identification of minerals 
and discrimination of rock types based primarily  
on the spectrally contiguous nature of the images ac-
quired12–16. 
 As a prelude to a joint future space-borne hyperspectral 
mission between Indian Space Research Organisation 
(ISRO) and National Aeronautics and Space Administra-
tion (NASA), airborne hyperspectral imaging campaign is 
being conducted over different parts of India covering 
various scientific and application themes such as geology, 
agriculture, snow and glaciers, forestry, urban, coastal 
and atmospheric sciences and applications. Under this 
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Figure 1. Geological map of Jahazpur, Rajasthan, modified by Dey et al.20 (after Pandit et al.21). 
 
 
campaign, Airborne Visible-Infrared Imaging Spectro-
meter-Next Generation (AVIRIS-NG) instrument was 
flown over various parts of India having different types 
of geologic and tectonic milieu during January–March 
2016, to carry out remote geochemical mapping of  
the study areas and delineation of potential future explo-
ration targets within the studied regions17,18. Here we re-
port the studies conducted over parts of Jahazpur 
mineralized belt of Rajasthan, Ambaji polymetallic  
sulphide belt of Gujarat, Sittampundi layered complex 
(SLC) of Tamil Nadu and Rishabhdev Ultramafic  
Complex of Rajasthan. 
 Our primary objective is to map diverse mineralogical 
and/or lithological entities present within the study areas 
based on spectral signature studies, which is otherwise 
not possible using a broad-band remote sensor, and  
to detect and map the hydrothermal alteration zones,  
gossans, etc. that are often associated with mineral/ore. 

Study areas and data used 

Jahazpur 

This study area is situated in the southeastern part of the 
Aravalli craton and primarily represents a greenschist  
facies metasedimentary sequence sharing a thrusted  

contact with rocks of the Mangalwar complex in the 
northwest and separated from the Vindhyan sediments by 
the great boundary fault (GBF) of Rajasthan in the south-
east19. As previously suggested, the area mainly compri-
ses litho-assemblages belonging to the Jahazpur Group 
and Hindoli Group20,21 (Figure 1). Detailed accounts on 
the rocks of Jahazpur belt can be found in the GSI Mis-
cellaneous Publication22. 
 The Lower Proterozoic supracrustal rocks of the  
Jahazpur Group of Bhilawara Supergroup are known to 
have potential for base metal mineralization. The intra-
cratonic-failed rifts of eastern and western Jahazpur belts 
represent a classic example of SEDEX-type base metal 
mineralization. The host rocks for base metal mineraliza-
tion at Jahazpur include dolomite, dolomitic marble,  
carbonaceous phyllite, banded iron formation (BIF) and 
dolomite with BIF. Bedrock sampling in the area had  
revealed concentrations of Pb up to 1.4% and Zn up to 
0.37% (ref. 22). 
 JPL-L2 reflectance product of AVIRIS-NG has been 
used for the present study17. A total of six scenes were 
acquired during 4–5 February 2016, covering Jahazpur 
and adjoining regions of Rajasthan. AVIRIS-NG instru-
ment measures the reflected solar radiation in the spectral 
range 376–2500 nm at a spectral resolution of 5 nm over 
425 contiguous spectral channels18. The aircraft was 
flown at an altitude of approximately 8 km providing a 
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Table 1. List of spectral summary parameters used for detection and mapping of phyllosilicates and carbonates  
 (modified after Viviano-Beck et al.24 and Pelkey et al.23) 

 Parameters Algorithm 
 

2160 nm band depth (BD; modified after Viviano-Beck et al.24) 21591 ;
2129 2179**

R
a R b R

−
+

 a = 1 – b;  

  c s

l s
;b λ λ

λ λ
−=
−

  

   R is the reflectance at a given wavelength; 
   λc = 2159 nm; λs = 2129; λl = 2179 nm 
 

2315 nm BD (modified after Viviano-Beck et al.24) 23141 ;
2244 2344**

R
a R b R

−
+

 1 ;a b= −  

  c s

l s
;b λ λ

λ λ
−=
−

 

  λc = 2314 nm; λs = 2244 nm; λl = 2344 nm 
 

1030 nm BD (olivine index; modified after Viviano-Beck et al.24) 10321 ;
752 1673**

R
a R b R

−
+

 a = 1 – b; 

  c s

l s
;b λ λ

λ λ
−=
−

 

  λc = 1032 nm; λs = 752 nm; λl = 1673 nm 

BT–kaolinite 2174
2159

R
R

 

BT–talc 2294
2289

R
R

 

BT–magnesium carbonate 2364
2344

R
R

 

 

 
ground resolution cell of roughly 8 m. In addition, ASD 
FieldSpec4 Hi-Res spectrometer has also been utilized in 
the spectral range 350–2500 nm to obtain in situ as well 
as lab-based reflectance spectra of rocks and soil samples 
collected from the field. 
 
Methodology: The primary goal of the present study is 
to characterize the host rock for base metal mineralization 
in the Jahazpur belt using AVIRIS-NG apparent reflec-
tance product (L2) as provided by NASA–JPL17. A total 
of six AVIRIS-NG scenes have been acquired and 
stitched to prepare a seamless mosaic of the study area 
using ENVI 5.5 software for the analysis of digital image 
data. In the present study, we have utilized the SWIR 
domain of AVIRIS-NG data that ranges from 1954 to 
2500 nm for detection and mapping of host rocks for base 
metal mineralization and soapstone occurrences. Addition-
ally, the near-infrared (NIR) spectra from 750 to 1700 nm 
has been utilized to identify the olivine bearing assem-
blages. Modified spectral summary parameters have been 
employed for detection and mapping of spectral endmemb-
ers of mineral species in a spatial context, originally  
designed for the analysis of Mars Reconnaissance Orbi-
ter-Compact Reconnaissance Imaging Spectrometer for 
Mars (MRO-CRISM) data by Pelkey et al.23, followed by 
revised summary parameters provided by Viviano-Beck 

et al.24. Table 1 and Figure 2 present formulations for the 
modified spectral summary parameters used in this study.  
Finally, false colour composites (FCCs) are obtained us-
ing the spectral summary parameters to map the dominant 
mineralogies present within the study area. 
 
Results and discussion: Modified spectral summary pa-
rameters have been formulated based on the nature and 
shape of the diagnostic absorption features of minerals 
that may be present in the study area, and thus are also 
suitable for better discrimination of minerals having 
closely spaced and/or overlapping absorption features. 
The same has been tested on the subset of Jahazpur mo-
saic, where the spectral absorption features of kaolinite–
montmorillonite (2200 nm) and dolomite–talc (2315 nm) 
exhibit overlapping absorption features. In the modified 
summary images, the kaolinite- and montmorillonite-
bearing pixels have been highlighted in a brighter tone 
and thresholding was done to only restrict the locations of 
the pure spectral endmembers. In case of kaolinite, mul-
tiple techniques were employed, such as the introduction 
of band tilt (BT) parameter to measure the upward tilt 
with respect to the short wavelength band minimum of 
kaolinite around 2160 nm (refs 25 and 26). The rationale 
behind choosing the pivot at C1 is primarily to discrimi-
nate between phyllosilicates having a single symmetric/ 
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Figure 2. (a, b) Schemata highlighting spectral band parameter formulations using ideal spectra. The dashed line indicates a continuum 
fit across the absorption band by which a reflectance point along the continuum is calculated. The red line indicates the nature of band tilt 
with respect to a pivotal point at C1 in B (modified after Viviano-Beck et al.24). 

 
 

 
 

Figure 3. Spectral summary parameters highlighting the spectral 
endmembers of talc, magnesium carbonate, kaolinite, montmorillonite 
and kaosmectite (kaolinite + smectite). Magnesium carbonate-bearing 
host rocks appear in shades of maroon to purple, talc-bearing pixels  
appear in yellow, kaolinite in blue and montmorillonite in green. 
 
 
asymmetric absorption feature from that of a doublet fea-
ture. Band tilt and band curvature are complementary in 
the sense that phyllosilicates having a single prominent 
absorption without any curvature would exhibit larger tilt 
in comparison to those having a doublet, as explained 
schematically in Figure 2. In addition, the short wave-
length and long wavelength band depth (BD) parameters 
were computed separately. Whereas, in case of montmo-
rillonite, a single 2200 nm BD parameter has been com-
puted taking into account the 2129 nm short wavelength 
and 2234 nm long wavelength shoulders, and the asym-

metry factor has also been computed. In addition, a 
2349 nm Al-OH BD parameter and BT slope of 
R2174/R2159 have been computed. Similarly, BT slope 
for magnesium-carbonate was computed utilizing the 
spectral signature of dolomite to identify the spectral  
region that strongly differs from that of talc spectral sig-
nature. 
 We have generated two separate spectral summary  
parameters based FCCs. In the first FCC, we have  
assigned red channel to 2314 nm BD parameter, green 
channel to BT-talc slope and blue channel to BT-
magnesium-carbonate slope. In such a combination,  
dolomites and impure dolomitic marbles appear in shades 
of purple to maroon, whereas talc-bearing exposures  
appear in yellow. In the other FCC, we have assigned red 
channel to BD 2159 nm parameter, green to 2349 nm  
Al-OH BD parameter and blue channel to 2389 nm ref-
lectance. In this combination, pure kaolinite-bearing pix-
els are highlighted in red, and kaolinite–montmorillonite 
mixtures in green to blue. Finally, both the FCCs have 
been combined to map the spatial distribution of dominat-
ing mineral species in the study region as shown in  
Figure 3, where the dolomites, dolomitic quartzite and 
impure dolomitic marbles are highlighted in shades of 
maroon to purple, talc in yellow, kaolinite in blue and 
montmorillonite in green. 
 In another FCC combination (Figure 4), we have  
assigned modified BD-magnesium-carbonate as red, 
modified olivine index as green and BD-2389 nm talc  
parameter as blue on the Jahazpur mosaic obtained by 
stitching six AVIRIS-NG side-lapped scenes. In this 
combination, all the impure dolomitic marbles having 
forsterite appear in yellow, talc-bearing exposures appear 
in magenta to pink, and dolomites appear in red to  
maroon to orange. In this FCC, kaolinite appears as 
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bluish-green to greenish-blue, and montmorillonite as 
dark green. The modified CRISM spectral summary 
products along with the BT parameter originally designed 
for analysing the Clementine UV/VIS26 and Chan-
drayaan-1 HySI data25 are found to be extremely effective 
in not only discriminating among the mineral species, but 
also in differentiating minerals having overlapping  
absorption features. 
 
Conclusions: CRISM summary products as developed 
by Pelkey et al.23 and subsequently modified/revised by 
Viviano-Beck et al.24 have been implemented on 
AVIRIS-NG data covering parts of Jahazpur mineralized 
belt. Fe–Mg-bearing major rock-forming silicates can  
also be mapped efficiently based on the spectral parame-
ters as presented in this study, whereby the occurrence of 
forsterite has been detected in the impure marble expo-
sure at Jahazpur. Application of spectral summary para-
meters, thus helps in the identification of mineral 
endmembers spatially within a hyperspectral scene with-
out using spectral and spatial data dimensionality reduc-
tion techniques that are often computationally intensive 
procedures. 
 
 

 
 

Figure 4. False colour composite (FCC) obtained by assigning red 
channel to 2310 nm magnesium carbonate band depth (BD) parameter; 
green to 1030 nm olivine (Ol) BD and blue to 2200 nm clay BD para-
meter. In this FCC, combined olivine- and carbonate-bearing pixels ap-
pear in yellow, magnesium carbonate in red to orange to maroon, soap 
stones (talc) in magenta, kaolinite in bluish-green and montmorillonite 
in dark green. 

Ambaji 

Geology of the study area: The rocks of Ambaji-Deri 
region belong to the lower part of Ajabgarh series, which 
forms part of Delhi Supergroup of rocks. Calc-silicate 
and impure marbles are the oldest rocks of Delhi  
Supergroup exposed in the region and belong to Todgarh 
formation of Kumbalgarh Group. General trend of meta-
morphosed sediments is NNW-SSE and they dip vertically 
to sub-vertically. The granitic rocks of the area are consi-
dered as intrusive into the Ajabgarh Group and are corre-
lated with Erinpura granite27. The basic rocks intruded 
into Ajabgarh phyllite as sill-like intrusives and later  
metamorphosed to amphibolites28. 
 Ambaji-Deri region is well known for the occurrence 
of base metals lead, zinc and copper. Mineralization  
occurs in metamorphosed magnesian and calc-magnesian 
rocks29. Chloritic hornfels and diopside marbles are the 
main host rocks for sulphide mineralization, while some 
mineralization is also noticed in biotite–quartz schist29. 
The ore body occurs in the form of lenses and tabular  
bodies, and shows concordant relationship with primary 
stratification and schistosity of the host rock. In the 
present study, we map the host rocks of base metal mine-
ralization in parts of Ambaji. Integrated band depth (IBD) 
technique has been employed to map the carbonate and 
clay-rich zones30. We also differentiate between magne-
sian and calcium rich lithologies. The results show  
potential of imaging spectroscopy for mapping of surfi-
cial mineral composition. 
 
Mapping of deepest absorption feature in 2.0–2.5 μm 
spectral range: Several minerals such as phyllosilicate, 
carbonates and sulphates have diagnostic absorption fea-
ture in the SWIR region and are called infrared-active. 
Therefore, mapping of wavelength position of deepest 
absorption feature and its depth is important for explora-
tory analysis of surficial composition and broad identifi-
cation of mineral groups. 
 To map the wavelength of deepest absorption feature, 
continuum was first removed from the spectra to high-
light diagnostic absorption features. Continuum was  
removed for each pixel by calculation of convex hull of 
spectra and its subsequent division, as described in Clark 
and Roush31. To calculate the wavelength position of 
deepest absorption feature, methodology described in 
Rodger et al.32 was used. 
 
Integrated band depth mapping: IBD is a mineral indi-
cator parameter developed by Mustard et al.30. It captures 
the fundamental mineralogical variations of the surface 
by summing the BD of diagnostic absorption feature. We 
have used IBD at 2.30 and 2.20 μm as an indicator of 
carbonates and clays respectively. The following equa-
tions were used to derive IBD for carbonate and clay 
mapping. 
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For carbonates: 
 

 
44

c0

(2189 5 )1 .
(2189 5 )n

R n
R n=

−−
+∑  (1) 

 
For clays: 
 

 
21

c0

(2134 5 )1 .
(2134 5 )n

R n
R n=

−−
+∑  (2) 

 
Here R refers to reflectance at a given wavelength. Rc is 
continuum reflectance and is represented as a straight line 
across the absorption band. Width of the diagnostic  
absorption feature is determined by its initial and final 
wavelengths. In case of calcite, it is determined to be 2.18 
(left shoulder) and 2.40 μm (right shoulder). Number 5 in 
eqs (1) and (2) represents spectral resolution of the sensor 
and n is the number of channels/spectral bands over 
which integration is performed. One of the major advan-
tages of IBD is that it uses summation of band depths 
over wavelengths of diagnostic absorption feature and 
enhances the signal-to-noise ratio, thereby reducing the 
uncertainty involved in mapping of targeted minerals. 
 
Mapping of deepest absorption feature in SWIR: Figure 
5 shows a map of deepest absorption feature in SWIR re-
gion for parts of Ambaji. The most dominant absorption 
feature in the image is noticed near 2.31–2.35 μm. The 
absorption in wavelength range 2.31–2.35 μm occurs due 
to the presence of rock-forming minerals such as carbo-
nates, tremolites and epidotes. At several locations,  
absorption near 2.20 μm is also observed. Clay and mica 
are common minerals responsible for absorption near 
2.20 μm. Detailed spectral analysis of regions showing 
absorption at SWIR wavelength in Figure 5 was carried 
out to understand the spectral characteristics of these 
minerals. 
 
Spectral analysis: Based on above analysis of wave-
length position of deepest absorption features, detailed 
analysis of image spectra at locations showing absorption 
near 2.20 μm and 2.32 μm was carried out. During the 
field campaign, rock samples corresponding to various 
lithologies exposed in the region were collected for  
laboratory reflectance spectroscopic studies. Locations of 
samples collected during field campaign are marked in 
Figure 5. At location S1 (Figure 5), exposures of carbo-
nates are visible; this location is an active marble quarry 
north of Ambaji on the way to Koteshwar Temple. Figure 
6 shows photographs of some of the lithologies encoun-
tered in the field. Figure 7 displays field spectra of mar-
ble collected from mine (S1 in Figure 5), showing 
absorption features at 1, 1.4, 1.9, 2.31 and 2.39 μm.  
Absorption feature occurring at 1 μm is possibly due to 
presence of iron, while those occurring at 1.4 μm and 

1.9 μm are attributed to the presence of hydroxyl ions and 
water in the crystal structure. A very strong absorption  
feature is observed at 2.314 μm. Based on wavelength of 
absorption feature (2.314 μm) and spectral shape, the 
mineral is identified as dolomite. Carbonates show this 
absorption feature due to vibrational process in (CO3)2– 

(refs 33 and 34). Location S2 (Figure 5) shows exposures 
of fractured pink granites (Figure 6). Granitic rocks are 
rich in quartz and plagioclase feldspar. Pure quartz is fea-
tureless in the 0.38–2.5 μm spectral range. Plagioclase 
feldspar exhibits absorption features in the wavelength 
range 1.1–1.3 μm, which is attributed to electronic transi-
tions in Fe2+ (ref. 35). Substitution of iron in plagioclase 
crystals occurs at aluminium and calcium sites36. The 
spectra of pink granite (Figure 7) show absorption fea-
tures near 0.86, 1.4, 1.9 and 2.20 μm. It can be noticed 
that diagnostic absorption feature near 1.25 μm is missing 
in the spectra. It may be possible that iron content of 
feldspar crystal is very low to cause any appreciable  
absorption near 1.25 μm. The absorption feature near 
0.86 μm is due to the presence of ferric iron (Fe3+), while 
those at 1.4 μm and 1.9 μm are due to the presence of  
hydroxyl ions and water in the crystal structure. Doublet 
at 2.20 μm occurs due to metal-OH (aluminium-OH) 
bonding. Based on the shape of diagnostic absorption fea-
ture near 2.20 μm, the mineral is identified as kaolinite/ 
halloysite. Kaolinite and halloysite are aluminium-rich 
clay and have identical chemical composition. Halloysite 
differs from kaolinite in that the former contains structur-
al H2O that is well manifested by a strong and relatively 
broad absorption near 1.9 μm compared to that in the lat-
ter37. In AVIRIS-NG data, as the signals near 1.4 μm and  
 
 

 
 

Figure 5. Wavelength of deepest absorption feature in Ambaji region 
overlaid on LISS-IV image. Absorption due to calcite at 2.34 μm is 
shown in reddish colour, 2.31 μm due to dolomite appears in yellowish 
colour. Absorption at wavelength 2.20 μm due to clay minerals is  
seen in cyan colour. S1 and S2 represent the sampling locations of 
marble and pink granite respectively. Pixels containing vegetation are 
masked. 
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Figure 6. Field photographs showing various lithologies. a, Marble quarry (marked as S1 in Figure 5) 
north of Ambaji; b, Pink granite (marked as S2 in Figure 5) near Koteshwar; c, Dolomitic marble near 
Deri; d, Complex folding in calc-silicate. 

 
 
1.9 μm are completely obscured by atmospheric constitu-
ents, it would be difficult to discriminate kaolinite from 
halloysite based solely on the nature of the 2.2 μm doub-
let feature. 
 
Use of integrated band depth for carbonate and clay 
mapping: IBD calculated over certain chosen wave-
length ranges keeping in view diagnostic absorption  
feature of the minerals is an important parameter for 
mapping and understanding the distribution of a particu-
lar mineral group. In this study, we have used IBD values 
at 2.30 μm and 2.20 μm as indicators of carbonate and 
clay mineralogy respectively. 
 Strength of an absorption feature is dependent upon 
grain size and abundance37. If we assume grain size to be 
constant, then depth of the absorption feature is directly 
proportional to the abundance of the material. However, 
several factors such as mineral coating complicate the 
abundance and band depth relationship. Nevertheless,  
determining a suitable threshold to mask the low IBD 
values may be useful to suppress the ambiguous pixels 
and map the mineral group of interest. We chose the thre-
shold values using hit and trial method. To check the  
accuracy of the threshold, we examined the reflectance 
spectra of pixels having lowest IBD values. If the spectral 
characteristics agreed with the mineral group mapped, we 
fixed the threshold for that particular group. In this way, 
threshold for carbonate was found to be 0.5 and for clay 
as 0.2. It is to be noted that this threshold may vary with 
region and quality of spectral data. 
 Figure 8 shows IBD for 2.30 μm absorption feature. 
High values of IBD indicate presence of carbonate as 

confirmed by analysis of the spectra. It is clearly noted 
that the region marked as rectangle 1 in the figure has 
very high band depth (>3) values and is an active marble 
quarry north of Ambaji, as verified in the field. Low val-
ues of IBD are observed in the region where carbonates 
have developed black-coloured coating on their surface. 
The coating reduces the overall albedo, which may  
reduce the band depth. Regions of low IBD (<0.5) have 
been masked, as low IBD values indicate absence of  
carbonates. 
 Figure 9 shows the distribution of IBD for 2.20 μm. It 
can be noted that areas with high IBD values (0.2–1) are 
representative of clay minerals, as they exhibit strong  
absorption feature near 2.20 μm. Analysis of reflectance 
spectra over regions of high IBD confirms the presence  
of kaolinite/halloysite. At the locations (rectangle 1 in  
Figure 8) where IBD values for 2.20 μm are relatively 
higher (~0.9), show exposures of pink granite as seen in 
the field (Figure 6). During field validation it was noted 
that regions with high IBD values at 2.20 μm correlate 
well with granitic rock exposures. This suggests that the 
absorption feature at 2.20 μm may be used to map granite 
outcrops in Ambaji. 
 As mineralization in Ambaji and Deri mostly occurs in 
metamorphosed magnesian and calc-magnesian rocks, 
mapping of exposures of calc-silicate rock is important 
for detailed field-based studies on the extension of cur-
rently known base metal mineralized zone. Further, these 
rocks are also a source of marble; and spatial extent of 
carbonate rocks may be useful for marble exploration ac-
tivities. Clay minerals often act as important indicators of 
hydrothermal alterations. Zones of intense alteration are 
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Figure 7. a, Reflectance spectra of pink granite (sample collected from S2) and spectra collected from image in the wavelength range 
0.4–2.5 μm. b, The spectra show prominent absorption features at 1.4, 1.9 and 2.2 μm. Diagnostic absorption feature located in the SWIR 
region. c, Reflectance spectra of marble (sample collected from S1) and spectra collected from image in the wavelength range 0.4–2.5 μm. 
d, The spectra show prominent absorption features at 1.4, 1.9 and 2.32 μm. Diagnostic absorption feature located in the SWIR region.  
Laboratory and image-based spectra show good match of absorption wavelength and spectral shape. 

 
 
of interest in mineral exploration projects as they form 
the most prospective sites for base and precious metal 
mineralization. Clay-rich zones mapped in the present 
study may be further examined in detail to assess their 
potential in locating mineralized zones. 
 
Conclusions: Mapping of the deepest absorption feature 
in the wavelength range 2.0–2.5 μm where most of the 
minerals have their diagnostic absorption features is use-
ful for exploratory analysis of the data. It gives an over-
view of surface mineral diversity/mineral group likely to 
be present in the study area and helps in identification. 
Inter-comparison of image, library and laboratory-based 
spectra reveals that diagnostic absorption features present 
in the SWIR region are in good agreement. However, 
presence of strong atmospheric water absorption at 

1.4 μm and 1.9 μm corrupts the image, thereby hindering 
inter-comparison. 
 It is evident that IBD can map the spatial distribution 
of particular groups of minerals such as clays and carbo-
nates. IBD is less sensitive to noise present in a single 
channel, as it is the summation of all the channels covering 
diagnostic absorption features. Shift in absorption wave-
length due to subtle mineralogical variations of carbonates 
is useful for discrimination between calcite and dolomite, 
and helps in mapping magnesian and calc-magnesian rocks. 

Sittampundi layered complex and Wajrakarur  
Kimberlite field 

Potential use of AVIRIS-NG data for mapping ultramafic 
rocks (host rocks of chromite) has been discussed in the 
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literature with reference to mapping of the exposures of 
Ronda peridotite massif38. ASTER data have also been 
used for mapping ultramafites and chromites in different 
parts of the world39,40. In the present study, we analyse 
the potential of ASTER and AVIRIS-NG data for map-
ping patchy exposures of chromitite. Record on the com-
parative analysis of spaceborne ASTER and AVIRIS-NG 
data (collected from airborne platform and having consi-
derable high spatial resolution of 4 m to 6 m) in mapping 
such exposures is meagre in the literature, especially for 
countries like India where ultramafic rocks are easily 
weathered. In this study, we have analysed the potential 
of AVIRIS-NG data in delineating surface signatures or 
surface exposures of chromitite and kimberlite in SLC 
and WKF respectively (Figure 10). 
 
Methodology: In our effort to map the chromitite expo-
sures, we have used AVIRIS-NG Level 1B data (‘georec-
tified at sensor radiance’) for mapping chromitite. We 
have calibrated the data to ‘scaled-reflectance’ based on 
MODTRAN-4 atmospheric calibration model used in 
‘Fast Line of sight Atmospheric Analysis of Spectral 
Hypercube’ (FLAASH) module in ENVI software. This 
Atmospheric Correction Algorithms (ACAs) has been 
widely used in applications of remotely sensed hyper-
spectral data to correct for the effects of atmospheric 
propagation on measurements acquired by air and space-
borne systems, to convert the radiance data to reflec-
tance41. It is essential for reflectance spectroscopy-based 
target detection using different spectral mapping algo-
rithms. Concurrently, ASTER data (‘georectified at sen-
sor radiance’) are also calibrated to scaled reflectance 
image using FLAASH. Scaled reflectance data of 
AVIRIS-NG and ASTER are subjected to spectral en-
hancement and spectral mapping. Ground magnetic data 
are collected from SLC using precision magnetometer 
with grid spacing of 500–700 m, to supplement and vali-
date the results of spectral mapping. Grid spacing is vari-
able to account for the presence of highly magnetic 
bodies (electric wire heads, concealed pipe, etc.) on 
ground. Ground magnetic data collected for the area are 
corrected for diurnal drift variation (due to solar activity). 
Consequently, International Geomagnetic Reference 
Field 2016 (IGRF 2016) values are subtracted from the 
observed magnetic field values for each data point42,43. 
Ground magnetic data also would be useful to delineate 
the concealed mafic units. We have taken magnetic data 
approximately 3–5 km beyond the extent of SLC to esti-
mate the precise magnetic anomaly for the edges of the 
complex. 
 
Sittampundi layered complex: SLC is a metamorphosed 
magmatic anorthosite-dominant layered complex occur-
ring within orthogneiss and amphibolites44,45. Pyroxenite 
exposures and other metaultramafites are exposed in the 
eastern part of the study area. Patchy exposures of chro-

mitites are reported in the eastern part of SLC. These are 
associated with chromitite dumps excavated out using 
exploratory trenches. We delineate these exposures based 
on sub-pixel mapping method, as exposures of chromitite 
are not resolvable in the resolutions of AVIRIS-NG data. 
In this regard, adaptive coherence estimator (ACE)  
 
 

 
 

Figure 8. Integrated band depth (IBD) at 2.30 μm showing distribu-
tion of carbonates in parts of Ambaji region overlaid on Digital Eleva-
tion Model (DEM). Marble quarries located north of Ambaji (marked 
as rectangle #1), are seen in reddish tone. A marble-rich zone marked 
in rectangle #2 is also detected on the IBD image. 

 

 

 
 

Figure 9. IBD at 2.20 μm showing distribution of clay minerals in 
parts of Ambaji region overlaid on DEM. The clay minerals are gener-
ally associated with granites in the region. Rectangles shows location 
where presence of granite has been verified in the field. 
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Figure 10. Study areas at Wajrakarur Kimberlite Field (WKF), Andhra Pradesh and Sittampundi Layered Complex 
(SLC), Tamil Nadu. 
 

 
 

 
 

Figure 11. a, AVIRIS-NG resampled laboratory spectral profiles of chromitite and dominant rocks of layered complex 
(anorthosite). b, ASTER resampled laboratory spectral profiles of chromitite and anorthosite. 

 
 
method is applied to delineate the chromitite exposures 
and associated chromitite dumps at the eastern part of the 
study area concurrently on AVIRIS-NG and ASTER data. 
ACE is a partial sub-pixel spectral mapping method in 
which each pixel spectrum is decomposed based on the 
target spectra to identify targets within the background46. 
Background spectrum is estimated using general likelih-
ood ratio. We have observed that spectral contrast of 
chromitite and anorthosite is conspicuous for AVIRIS-
NG resampled laboratory reflectance spectra and ASTER 
(Figure 11 a and b). While processing AVIRIS-NG and 

ASTER data, the respective sensor resampled laboratory 
spectra of chromitite are used as endmembers to delineate 
chromitite in AVIRIS-NG and ASTER data respectively. 
AVIRIS-NG data are found to be superior in delineating 
chromitite (Figure 12 a and b). All the surface exposures 
(marked as 1 and 2 in Figure 12 a and b) and associated 
chromitite dump (marked as 3 in Figure 12 a and b) are 
delineated in the CEM (constrained energy minimization) 
classified image (Figure 12 a and b). Most of these expo-
sures are associated with high magnetic anomaly. We also 
have found some concealed anomaly in the northeastern 
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Figure 12. a, Spectral map of chromitite derived from processing AVIRIS data at the eastern part of the study area in 
which chromitite exposures are detectable (1,2) using adaptive coherence estimator (ACE) method. High magnetic  
contours were draped on the spectral map of chromitite. b, ACE abundance map of chromitite derived from processing 
ASTER data. None of surface exposures of chromitite (1 and 2) and chromitite dump is delineated in ASTER map  
of chromitite. c, Surface exposures (1) of chromitite. d, Surface exposure of chromitite along exploratory trench (2).  
e, Surface dump of rocks rich in chromitite excavated during exploration activity. 

 
 

 
 

Figure 13. a, SWIR domain spectral profile of calcrete and kimberlite. b, AVIRIS-NG resampled spectral profiles of a 
mixture of kimberlite and calcretes. c, ASTER resampled spectral profiles of a mixture of kimberlite and calcretes (assum-
ing that calcretes and kimberlite are mixed in equal proportion). Bands used for deriving relative band depth image are 
shown. 
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Figure 14. a, Thresholded AVIRIS-NG derived relative band depth image using bands 378 and 400 of AVIRIS-NG sensor as shoulder and band 
388 as absorption minima. b, Thresholded ASTER-derived relative band depth using bands 6 and 9 of ASTER sensor as shoulder and band 8 as ab-
sorption minima. c, Field exposure of kimberlite pipe 1 (labelled as ‘1’ in (a)). d, Field exposure of kimberlite pipe 2 (labelled as ‘1’ in (a)). 
 
 
part of the study area. In these places, high magnetic 
anomaly contours are present, but no significant surface 
exposures of chromitite pixels are identified. These areas 
are promising sites for concealed chromitite body if mag-
netic anomalies are supplemented with other geophysical 
data like gravity anomaly. 
 

Wajrakarur Kimberlite field: We also delineate the 
kimberlite exposures in Wajrakarur area based on 
processing of Level-2 AVIRIS-NG data supplied by JPL 
after implementing atmospheric correction on the  
at-sensor radiance data. WKF is known for the reported 
occurrences of kimberlite, and these pipes have very 
small and patchy exposures associated with calcrete-rich 
zones on the surface47,48. Spectral characters of different 
pipes of this kimberlite field are well studied48. Spectral 
signatures of kimberlite and calcretes were analysed in 
the SWIR domain to delineate kimberlite in AVIRIS-NG 
and ASTER data (Figure 13 a–c). Both kimberlite (ser-
pentine-rich) and associated calcrete have absorption fea-
ture around 2.3 μm (Figure 13 a–c). The serpentinized  
kimberlite and associated calcrete occupy few pixels in 

AVIRIS-NG data. Therefore, we have proposed relative 
band depth (RBD) image using absorption feature of 
mean spectra derived based on the assumption that equal 
proportion of each pixel is occupied by serpentine rich 
kimberlite and calcrete. A suitable threshold was applied 
on RBD to delineate kimberlite-bearing pixels in 
AVIRIS-NG data and results are validated in the field 
(Figure 14 a). ASTER data could not delineate kimberlite 
as segregated, homogeneously distributed pixels (Figure 
14 b). Delineated kimberlite pixels were validated in the 
field (Figure 14 c and d). 
 Thus, it can be concluded that AVIRIS-NG data col-
lected from airborne platform with high spectral and spa-
tial resolution are suitable to delineate ultramafites using 
their spectral contrast with the associated background 
rocks. It is essential to integrate spectral anomaly map 
with other geological and geophysical data to prove the 
exploration significance of these anomalies. 
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