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Abstract: Image processing techniques currently have become inseparable in lithological and alteration zone mapping. 

In the present study, Landsat OLI satellite image has been used to identify alkali syenite and granites of Suryamalai 

batholith, central Tamil Nadu. For lithological discrimination, various types of image enhancement techniques were 

applied. The analyses have indicated that only the following techniques like Kaufmann’s ratio, band ratio of 5/7, 3/1 and 

3/5 and supervised classification were found to be suitable for the decimation of alkali syenite and granites. In addition, 

it was also noticed that the band ratio of 5/7, 3/1 and 3/5, Crosta technique and thermal reclassification have enabled to 

discriminate the metamorphic rocks into fissile hornblende biotite gneiss and hornblende biotite gneiss. Further, the image 

classification techniques were found to be suitable to distinguish phase I and phase III granites in the study area as brought 

out by the earlier studies based on the grain size variations, colour and mineral content of the rock types.  
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1. Introduction 

 
Recognizing the spatial patterns of geological mapping is 

crucial for geoinformatics to be one of the standard and 

most successful procedures in the field of exploration 

geology. This tool is extremely powerful and essential for 

geologists to enhance the regional geological mapping 

process (Pour &Hashim, 2015). The use of satellite data 

has the potential to solve the challenges and limitations 

associated with geological exploration. Recent 

advancements in multi-spectral remote sensing systems, 

such as the advanced spaceborne thermal emission and 

reflection radiometer (ASTER), have demonstrated the 

usage of satellite imagery for geological mapping with 

various purposes around the world (Di Tommaso & 

Rubinstein, 2007; Liu et. al, 2014; Masoumi et. al., 2017; 

Pour et.al., 2017; Van Ruitenbeek et. al., 2012).  

 

The use of band ratio and principal component analysis is 

widespread in mapping mineral alteration and lithological 

discrimination (Ahmed Madani, 2014, A. Muthamilselvan 

2016).  In 2016, Norbert Simon utilized 25 different ways 

to enhance the band ratio image on the Landsat 5TM image 

for discrimination of different lithologies. Furthermore, it 

was discovered that these combinations enhance the 

textural information of different rock type, which can be 

indirectly utilised for discrimination diverse lithologies. A. 

Muthamilselvan (2016) has employed supervised 

classification and the Crosta technique in the process of 

detecting lithological differences using digital image 

processing techniques in an ENVI environment. By 

employing Landsat ETM+ digital imagery, he was able to 

identify the litho-contacts between alwar and ajabgarh 

quartzite in the south-western region of the North Delhi 

Fold Belt (NDFB) on the basis of the argillaceous and 

arenaceous nature of the rocks. 

 

According to Sabin (1999), the best outcomes can be 

achieved by combining geologic and fracture mapping 

with the recognition of hydrothermally altered rocks. The 

spectral bands of Landsat TM, ETM+, and OLI are well 

suited for recognizing accumulations of alteration zones 

related to hydrothermal activity. Since the 1970s, scientists 

have created various image processing techniques, 

including band ratio, principal component analysis (PCA), 

supervised and unsupervised classification, to discriminate 

mineral alteration zones effectively.  In this present study, 

Landsat 8 OLI satellite imagery has been applied to 

discriminate between rock types. Spectral information has 

been used to discriminate alkali syenites from alkali 

granite and also to demarcate the lithocontacts between 

igneous and metamorphic rocks.  

 

Landsat bands are utilized for distinct purposes, including 

band 7 for geology, band 5 for distinguishing between soil 

and rock, and band 3 for discrimination of soil from 

vegetation. (Boettinger et al., 2008; Campbell, 2002; Chen 

and Campagna, 2009). 

 
2. Geological setting 

 

The study area is located in the southern part of the Indian 

peninsula and is made up of various metals and 

minerals, such as barite, chromite, iron, magnesite, pyrite, 

beryl, ruby, pyrochlore, columbite-tantalite, etc. Major 

rock types include hornblende biotite gneiss, fissile 

hornblende biotite gneiss, calc granulite, carbonatite, 

syenites, and granite (Figure 1 & Table 1). Suryamalai 

batholith (SMB) granitoids in the southern part of the study 

area show three different phases of granite. SMB 

characterisations were studied by many geologists and 

suggested the classification based on field relationships, 
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grain size, colour variations and the presence of 

radioactive minerals (Roy and Dhanaraju, 1999). 

 
Table 1. Startigraphical succession of the region 

Era Group Litho Units 

Late to Early 

Proterozoic 

Younger 

Intrusive 

Granite 

Pegmatite 

 

Late 

Proterozoic 

 

Alkali 

Complex 

Carbonatite 

Syenite 

Dunite 

Epidote 

Hornblende Gneiss 

 

Archaean 

Charnockite 

Group 

Banded Magnetite 

Quartzite 

Charnockite 

Khondalite 

Group 

Calc-Granulite and 

Limestone 
Bavani 

Gneisses 

Fissile Hornblende 

Biotite Gneiss 
 

 
Figure 1. Lithology map of the study area 

 

Phase I granite is made up of medium-grained leucocratic 

rock that does not have any non-radioactive minerals, 

In Phase II, gray-colored rocks with a coarse to very 

coarse grain are observed that contain garnet, opaque, and 

radioactive minerals; and Phase III granite is very coarse-

grained, pink coloured, non-to-weakly radioactive with 

predominant blocky k-feldspar, pockets of quartz, books 

of biotite, big octahedral crystals of magnetite, and 

dodecahedra1 crystals of garnet. Among these, phase I 

granite was noticed in the periphery of the SMB variants, 

which occupies a major part of the area and has intruded 

into the country rock gneiss. Phase II comes next in 

abundance, and its variable radioactivity and high 

concentration of garnet, magnetite, and other ore minerals 

make it easily distinguishable. Phase III 

is characterized by its pegmatitic nature and limited area 

extension. The field relationships between these granites 

demonstrate that phase III has been incorporated into 

phases I and II, and phase II is intrusive into phase I, all 

with sharp boundaries, indicating that they are sequentially 

emplaced into one another. 

 

The spectral signatures of the rock types vary from place 

to place and are reflected significantly in the satellite 

imagery. For example, the younger Suryamalai batholiths 

(SMB) and Sankaridurg dome in the study area exhibit a 

white tone, whereas the banded magnetite quartzite shows 

typical linear and curvilinear ridges with contrasting tonal 

variations (Ramasamy, 1995). Hence, geomatics 

technology can be effectively used to map the different 

lithologies that act as stores for metals and minerals in the 

study area. 

 

3. Methodology and Material used: 

 

The main objective of the study is to select an optimum 

digital image processing technique to discriminate alkali 

syenites from alkali granites and to demarcate the contacts 

of Proterozoic intrusive with Archaean metamorphic 

rocks. Different image processing techniques, like band 

ratios, Crosta, supervised classification, and 

reclassification methods were applied to achieve the best 

solution.  Image processing was performed using Landsat 

8 OLI satellite imagery under the ENVI software. Band 

ratio and PCA analysis were carried out based on the 

existing methodologies such as Sabin, Crosta, ChicaOlma, 

Kaufmanns, Crosta analyses etc. Spectral signatures from 

the existing lithological map of the study area were 

collected for supervised classification. 

 

Significant variations in litho units and their contacts are i

ndicated by the results obtained from the above analyses. 

Lastly, the accuracy of the outcomes of 

the methods mentioned earlier was spatially correlated 

and ground-validated. (Figure 2) 

 

4. Result and Discussion 

 

4.1 Band Ratio Analyses 

Remote sensing uses band ratio as a technique for 

effectively displaying spectral variations for many years. 

The process of creating a ratio involves dividing the 

brightness values of one band by another pixel by pixel. 

Enhancing the contrast between materials is achieved 

through the division of brightness values at peaks and 

troughs on a spectral reflectance. This is characterized by 

enhancing spectral differences and suppressing 

illumination differences.  
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Figure 2. Flow chart of methodology 

 

Differentiating materials can be done using ratios if they 

have different characteristic spectra (Alexandru et.al., 

2007). The enhancement of rock alteration is achieved 

using the band ratios of Landsat OLI data and it 

can cause subtle differences in spectral response to be 

exaggerated. Numerous researchers have developed 

various band ratios over the years that take advantage of 

specific reflectance properties of the surface materials. For 

example, vegetation has an extremely high reflectance in 

the near infrared wavelength region relative to red 

wavelengths. The number of possible ratio combinations 

for a multispectral sensor with K bands is n=K (K-1). 

 

The ratio function can be mathematically expressed as: 

BVi,j,r = BVi,j,k/ BVi,j,l 

Where, 

 BVi,j,r = output ratio value of the pixel at ith row and 

jth column  

 BVi,j,k = brightness value at the same location for band 

K.  

 BVi,j,l = brightness value at the same location for band 

l 

 

4.1.1 Abram’s Ratio: 

Abram’s ratio was introduced by Abram in 1983. He has 

used the band ratios 5/7, 3/2 and 4/3 of Landsat ETM data 

for the red, green and blue (RGB) channels, which are 

equivalent to 6/7, 4/3 and 5/4 of Landsat 8 and correspond 

to wavelength regions 1.65 / 2.2 µm, 0.66 / 0.56 µm and 

0.83 / 1.65 µm. The results of the band combinations show 

syenite and granite regions in greenish blue, which 

indicates the ferric iron charge in the ultraviolet region. 

Fissile hornblende biotite gneiss shows reddish orange 

colour, which represents the presence of hydrous minerals 

absorbed near 2.2µm. The presence of both clay and iron 

oxide minerals can be seen in the yellow and orange color

 areas in the composite image. (Abrams, et al., 1983). The 

yellowish-orange colour from the Abrams ratio has been 

considered lithocontact between igneous and metamorphic 

rocks (Figure 3). 

 

 

 
Figure 3. Abram’s Ratio 

 

Lithological contacts between igneous and metamorphic 

rocks were clearly demarcated in the southern (near 

Idappadi) and northern parts of the study area (Pakkanadu 

and Mulakkadu) (Figure 3). Further, Phase I (yellowish 

orange) and Phase III (greenish blue) granites were 

discriminated perfectly by this ratio. Spectral variation of 

these rock types is found mainly due to variations in their 

colour, minerals and grain size in the southern part of the 

study area (Roy and Dhanaraju, 1999). Phase II granite is 

similar to Phase I excluding its radioactive nature, which 

is not prominently differentiated from this ratio analysis. 

 

4.1.2 Kaufmann Ratio: 

This ratio was proposed by Kaufmann in 1988. He used 

Landsat ETM bands 7, 4, 3 and 5 which are equivalent to 

bands 7, 5, 4 and 6 of Landsat 8 OLI performed in this 

study. The ratios 7/4, 4/3 and 5/7 ETM thus correspond to 

the ratios 7/5, 5/4 and 6/7 in OLI data.  

 

According to the result, the band ratio of 5/4 shows 

vegetation in bright tones because the mesostructure in the 

NIR band in contrast to the steep fall-off of reflectance 

towards the visible due to intense chlorophyll absorption 

(Kaufmann, 1988). The enhancement of clay minerals 

containing water, micas, carbonates, and hydrates occurs 

with a band ratio of 6/7. The best enhancement of ferric 

and ferrous iron occurs with a band ratio of 

7/5 because of the major electronic transition bands in the 

NIR. (at ~ 0.87um). The composite image of 7/5, 5/4, and 

6/7 ratios was displayed in RGB colour for further 

interpretation. The performed image indicates a green and 

greenish-red colour for phase III granite and syenite rocks 

respectively. Pinkish violet represents metamorphic rocks 
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and blue represents granites of phase I origin (Figure 4). 

This ratio also brought to light a significant difference 

between phase I and phase III granite in the southern part 

of the study area. Similarly, litho contacts between granite 

/ syenite and fissile hornblende biotite gneiss were clearly 

demarcated in the southern as well as in the northern part 

of the study area. 

 

 
Figure 4. Kaufmann’s Ratio 

 

4.1.3 Sabin’s Ratio 

Sabin (1999) introduced the ratio of 5/7 in red, 3/1 in green 

and 3/5 in blue for colour composite images, which are 

taken from Landsat ETM. However, Landsat 8 OLI data 

has been used for the present study, where the band 

numbers are varied due to the addition of new coastal 

aerosol studies. The band ratios for OLI data are 6/7, 4/2, 

and 4/6, where ratios of 6/7 indicate hydroxyl-bearing 

minerals and 4/2 indicate iron oxide alteration minerals.  

 

The image (Figure 5) shows yellow as hydrothermal 

alteration zones, black as water and dark 

green as vegetation; light green as clay-rich rocks; blue 

shows sand; red, pink or magenta indicate minerals rich in 

iron oxides (Sabin, 1999). 

 

The composite image indicates pale blue and dark blue 

colour for phase I and III granite respectively. Phase III 

granite and syenite rock almost express the same colour, 

which is very difficult to discriminate by this ratio (Figure 

5). Litho contacts between SMB granitoids and fissile 

hornblende biotite gneiss were poorly demarcated in the 

southern part of the study area. 

 

 
Figure 5. Sabin’s ratio 

                                  

4.1.4 Chica-Olma’s Ratio 

This ratio was introduced by Chica-Olma (Kudamnya et. 

al., 2014), in which, bands 7, 5, 4, 3, and 1 have been used 

for rationing. The Chica-Olma ratios 5/7, 5/4, and 

3/1 are responsible for enhancing the color 

of hydrothermally altered clay minerals in red, ferrous iron 

as green, and ferric iron as blue, respectively, as shown in 

Figure 6. When compared to the other band ratio 

techniques, ChicaOlma’s ratio perfectly discriminated the 

boundary of younger intrusives. 

 

 
Figure 6. Chica-Olma Ratio 
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The resulting image indicates the contact of dark green and 

purple colour in the southern part of the image as phase III 

and phase I granite rocks respectively. Contacts of purple 

and light green colour near Idappadi and its southwestern 

part represent Phase I granite and metamorphic rocks 

(Figure 6). This ratio also brought to light a significant 

difference between phase III granite (greenish black) in the 

southern part of the study area and syenite (bright green) 

located in the northern part of the image. Further, litho 

contacts between SMB granitoids and fissile hornblende 

biotite gneiss were clearly demarcated in the southern as 

well as in the northern part of the study area. 

 

4.1.5 Band Combinations: 4/2, 6/7 and 10: 

In this approach, ratios 4/2 and 6/7 have been taken up 

along with TIRS band 10 and colour composite images 

were produced for better visual interpretation. Alkali 

syenite (dark brown) and phase III granite (greenish brown 

colour) were discriminated from this approach. Litho 

contacts between phase I (light green) and phase III 

granites were clearly seen in the southern part of the study 

area. In addition, the band ratio also brought to light a 

significant difference between hornblende biotite gneiss 

and fissile hornblende biotite gneiss around the Idappadi 

region.  This ratio provided much better information about 

the rock types compared to the previous methods like 

Sabin, ChicaOlma, Kaufmanns etc. (Figure 7). 

 

 
Figure 7. Band Ratio 4/2, 6/7 and 10 

 

4.1.6 Band Combinations: 5/7, 3/1 and 3/5: 

Ratios 5/7, 3/1 and 3/5 have also been taken up for the 

discrimination of rock types. The colour composite image 

shows a significant difference between alkali syenite (dark 

brown) and alkali granite (reddish orange). Litho contacts 

between phase I and phase III granites, granite/syenite, and 

metamorphic rocks were prominently demarcated from 

this approach. Further, the difference between hornblende 

biotite gneiss (dark blue) and fissile hornblende biotite 

gneiss (light blue) was clearly seen in the composite 

image. This ration is one of the best and optimum methods 

for discriminating alkali syenite from alkali granite in 

phase III and also for the contact of SMB granitoids with 

metamorphics. (Figure 8). 

 

 
Figure 8. Band Ratio 5/7, 3/1 and 3/5 

 
4.1.7 Band Combinations: 6/7, 4/2 and 5/4 

Another band ratio of 6/7, 4/2 and 5/4 has also tried to 

differentiate various rock types present in the study area. 

In this approach, alkali syenite and alkali granite were not 

discriminated against, and both rocks were shown a deep 

blue colour in the composite image. It was also found that 

there is a lack of sharp contact between SMB granitoids 

and fissile hornblende biotite gneiss. However, the 

performed analysis shows a better contrast between phase 

I and III granite (Figure 9). 

 

 
Figure 9. Band Ratio 6/7, 4/2 and 5/4 
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4.2 Crosta Analysis 

The Crosta technique is commonly utilized to locate 

alteration zones for mineral exploration. This technique 

was used to distinguish various rock types in the study 

area. Landsat OLI bands 2, 4, 6 and 7 have been 

transformed into principal component analysis (PCA) 

from which PCA 4, 5 and the average of 4 & 5 (Figure 10) 

have been derived and stacked to get a composite image. 

The selected bands are believed to be above the intended 

target and this is known from the Crosta image. 

Theoretically, the iron oxide minerals and hydroxyl-

bearing minerals have absorption bands in the range of 

bands 2 and 7. in the OLI data. PCA4 enhances hydroxyl 

minerals for alteration zones by a bright colour. PCA5 

enhances the iron oxide mineral for alteration zones, 

showing a bright colour. 

 

 
Figure 10. Crosta Analysis (PCA) 

 

The colour composite image obtained from Crosta analysis 

indicates a minor difference between alkali syenite and 

alkali granite. Litho contacts between phase I and phase III 

granites and syenite/granite with metamorphic rocks were 

significantly delineated by this approach. The difference 

between hornblende biotite gneiss and fissile hornblende 

biotite gneiss is also clearly distinguished from this 

method.  

 

Further, it is found that Crosta analysis is also one of the 

best and optimum methods, like band ratios of 5/7, 3/1 and 

3/5 for the discrimination of various metamorphic rocks. 

 

4.3 PAN Reclassification 

PAN data has been reclassified to distinguish the various 

rock types present in the study area. Panchromatic data has 

a 15-meter spatial resolution, which was reclassified into 

4 categories based on the pixel values (DN values). 

Spectral signatures played a major role in the 

discrimination between different rock types. Performed 

analysis flawlessly discriminated SMB granitoids from 

fissile hornblende biotite gneiss. However, phase III 

granite and syenite have been poorly classified. The core 

of the SMB granitoids is occupied by phase III granite and 

the periphery by phase I granite, which is significantly 

discriminated against by this reclassification process. The 

contact of sharp sky blue with reddish orange in the colour 

composite image indicates phase I and fissile hornblende 

biotite gneiss respectively (Figure 11). 

 

 
Figure 11. PAN Reclassification 

 

4.4 Thermal Reclassification 

Thermal remote sensing is a method that measures the 

radiation emitting from the ground of an entity. Thermal 

data from Landsat satellite imagery with a spatial 

resolution of 100 meters (band 10) has been taken up for 

lithological discrimination. The thermal band has been 

reclassified into four types based on the thermal radiant 

temperature of various rock types. This analysis perfectly 

discriminated between intrusive rocks such as alkali 

syenite, granite and hornblende biotite gneiss rocks. 

However, granite and syenite have once again been poorly 

classified by method. Granite phase I (orange colour) and 

III (deep blue) in the colour composite image show a 

significant difference in the southern part of the study area 

(Figure 12). 

 

4.5 Supervised Classification 

To select training sets (spectral signatures). in supervised 

classification, the analyst utilized their prior knowledge 

acquired from the field survey, district resource map, and 

other secondary data. The computer grouping and 

assigning each pixel with similar characteristics to their 

respective class was done using the signature file defined 

by the analyst. The spectral signatures for granite have 

been collected from phase III granite to differentiate the 
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alkali syenite from granite. The classified image 

significantly brought to light the difference between phase 

III granite and alkali syenite. However, the litho-contact 

between phase I granite and metamorphic rocks was 

poorly classified. These differences have been noticed 

mainly due to the collection of signatures filed by the 

analyst (Figure 13). 

 

 
Figure 12. Thermal Reclassification 

 

 
Figure 13. Supervised Classification 

4.6 Unsupervised Classification 

Unsupervised classification involves pixel-based 

classification where the user specifies the number of 

classes. The creation of spectral classes is solely based on 

numerical information, which is pixel values for each 

band. The pixels are grouped together based on their 

spectral similarity. In this approach, six classes were 

assigned by the analyst to differentiate the various rock 

types that occurred in the study area. Unsupervised 

classification significantly brought out the contact between 

SMB granitoids and metamorphic rocks, particularly 

fissile hornblende biotite gneiss. Alkali syenite and granite 

of phase III were weakly demarcated from this approach. 

However, the performed analysis discriminated perfectly 

between phase I granite and phase III (Figure 14). 

                                  

 
Figure 14. Unsupervised Classification 

 

5. Conclusions 

 

The present study demonstrates the effectiveness of image 

enhancement techniques like band ratio, PCA, supervised, 

unsupervised classification, Pan and thermal 

reclassification to discriminate lithological units present in 

the study area. 12 types of image enhancement techniques 

have been performed, in which Kaufmann’s band ratios of 

7/5, 5/4 and 6/7 and ratios of 5/7, 3/1 and 3/5 clearly 

discriminated against various rock types in the study area. 

Each of Landsat’s band can be used for specific purposes, 

including band 7 for geology, band 5 for distinguishing 

soil from rock, and band 3 for discrimination of soil from 

vegetation. Combinations of these bands produced the best 

result when compared to the other methods. There was a 

significant difference between alkali syenite and granite 

obtained from the supervised classification technique, 

which was poorly classified from the unsupervised and 

reclassification techniques. Among the image 
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enhancement techniques, except supervised classification, 

all other methods distinguish phase I and phase III granites 

effectively. Band ratios of 5/7, 3/1 and 3/5, Crosta and 

thermal reclassification techniques brought to light a 

significant difference between fissile hornblende biotite 

gneiss and hornblende biotite gneiss. Based on the study, 

it can be concluded that Kauffman, supervised 

classification, and 5/7, 3/1 & 3/5 are the optimum 

techniques for the discrimination of alkali syenite and 

granite in the study area. 
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