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INTRODUCTION 

Hyperspectral remote sensing at high spectral and hy-

perspectral resolution provides detailed physicochemi-

cal information about Earth’s surface (mineralogy, 

chemistry, and morphology) (Baissa et al., 2011; Raja 

et al., 2010; Khan et al., 2018). Such information is val-

uable for mapping rocks with different mineral composi-

tions, potential hosts of ore mineralization, metasomatic 

mineral associations, etc. and has become indispensa-

ble part of geological research. The near-infrared and 

mid-infrared (0.3 to 2.5 m) and spectral regions of the 

electromagnetic spectrum are covered by the hyper-

spectral sensors and tens to hundreds of small adja-

cent spectral bands are used to record the electromag-

netic energy reflected of the Earth's surface (Ganesh et 

al. 2004).The study of spectral data in the visible and 

near-infrared (VNIR) spectral ranges is expedient for 

the fast interpretation of satellite images (Abubakar et 

al. 2019). Because these wavelengths are diagnostic 

for a wide variety of interactions between electromag-

netic energy and the rock material, VNIR is among the 

most useful wavebands for mapping rock surface min-

eralogy, which is influenced by significant physical and 

chemical characteristics. Other essential factors are the 

rock surface's structure, texture, and modified state 

(Ortenberg, 2018).  

The iron ore deposits of Tamil Nadu, India, are con-

fined to the high-grade mobile belts represented by 

oxide facies iron formations. The deposits are in the 

group of Precambrian iron formations occurring as nar-

row, highly deformed, and metamorphosed belts within 

the Archaean granulite terrain. The deposits are older 

than > 3000 Ma (Sylvestre et al., 2017). These are 

banded magnetite quartzite differentiated based on 

enriched minerals of magnetite (Fe3O4) and quartz 

(SiO2), having an iron content of 35-40% low-grade iron 

ores (Jha, 2021). The deposits are amenable to mag-
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netite concentration and exploitable while using the cost

-effective beneficiation technique (Bodsworth, 2018; 

Roonwal, 2018). The present study characterized the 

hyperspectral absorption characteristics of the iron ore 

samples of the Tirthamalai hill region using the spec-

troscopy method to understand the absorption charac-

teristics of the iron ores and use the knowledge to map 

iron ore deposits of the world. 

MATERIALS AND METHODS 

Study area 

The study region in and around Tirthamalai hill 

(latitudes N 12° 03’and 12° 06’ and longitudes E 78° 35’ 

and 78° 38’) in Dharmapurai District, Tamil Nadu, India 

is a part of the Archaean Peninsular complex having 

intensive high-grade regional metamorphism (Santosh 

et al., 2009; Tsunogae and Santosh, 2010; Santosh, 

2015) with folding, faulting and shearing structures. The 

major rock types in the area include banded magnetite 

quartzite, charnockite and epidote hornblende gneiss 

(Fig. 1). There are four significant bands of magnetite 

quartzite formations which traverse Tirthamalai hill. The 

iron formations of Tirthamalai hill are dark colored and 

strongly banded. The banding is due to the silica and 

silicate, and iron-rich oxide minerals show alternate 

light and dark-colored layers. The major minerals are 

magnetite and quartzite of meta-sedimentary origin. 

The magnetite quartzites have been classified based on 

grain size as 1. Fine-grained size, 2. Medium-grained 

size, 3. Coarse-grained size (Rajendran et al., 2011; 

Thirunavukkarasu et al., 2015).  

In the present study, the spectral absorption characters 

of banded magnetite iron ores of study region were 

studied by collection of spectral signatures using porta-

ble Ground Truth Hyperspectral Spectroradiometer of 

Analytical Spectral Devices (ASD, Field Spec 3) work-

ing in the wavelength range of 350-2500 nm with 10 nm 

spectral resolution. To study the spectral absorption 

characteristics of the deposits, spectral measurements 

were carried out at the Department of Earth Sciences, 

Annamalai University. The samples were powdered 

and analyzed using the Fourier Transform Infrared 

(FTIR) spectroscopy method in the CSIL Laboratory, 

Annamalai University, to understand the spectral ab-

sorption characteristics of the iron formations. The 

samples were further used to study the petrographic 

characters and geochemical characters of the for-

mations. Microscopic thin-section studies were carried 

out using a microscope, and major element chemical 

analyses were carried out by Atomic Absorption Spec-

troscopy (AAS) analytical techniques at the Department 

of Earth Sciences, Annamalai University, Chidam-

baram, Cuddalore District in Tamil Nadu State 

(Prasanna et al., 2009). 

RESULTS AND DISCUSSION 

Spectral characters of iron and iron-silicate  

minerals 

The quantity of light reflected by a substance is meas-

ured by spectral reflectance, represented in photo-

graphs by photographic tone or color. It is a result of 

the materials chemistry and structure being altered by 

Fig. 1. Geology map of the study area in Tirthamalai hill showing Charnockite hosts the banded magnetite quartzite in  

N-S direction in the map. 
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physical and environmental causes. Specific miner-

als absorption properties regulate the spectrum reflec-

tance of rock that results from either electrical or vibra-

tional processes. Charge transfer, when an electron 

moves from one ion to another ion, and the transition of 

an electron from one energy level to another inside a 

metal ion are examples of electronic processes. The 

mechanisms of vibration involve the banding and 

stretching of vibrations inside radicals or molecules. 

Although they are often wider throughout the electronic 

process, it results in rather crisp absorption characteris-

tics. Opaque minerals such as magnetite and ilmenite 

have low reflectance spectra due to iron and titanium 

overlapping element transition and crystal field absorp-

tion. Minerals that have low, flat spectral reflectance 

have been defined as “opaque phases” by Johnson et 

al. (2016). Hematite rich in titanium is predicted as an 

opaque phase in the near-infrared (IR) wavelength re-

gion, as noted by Akinribide et al. (2022). Thus, the 

observation consisted of the role of opaque phases in 

reducing the intensity of absorption features. On the 

other hand, rock was poor in hydroxyl-bearing phases. 

The coarse and fine-grained granites, tonalite, granite, 

gneiss, and quartzo-feldspathic rocks did not show  

pronounced absorption in the 2.2 to 2.4 µm wavelength 

region, even though they are deficient in opaque  

phases. 

Ferrous-iron crystal field absorptions in Fe-bearing alu-

minosilicates, hornblende and biotite produce broad 

absorption features centered near 1 µm (Jablonska et 

al., 2021). The recognition of this feature is vital for 

mapping mafic and ultramafic rocks because it is the 

only spectral feature common to these major rock types 

but absent or subdued in felsic and most intermediate 

rocks (Libeesh et al., 2022). The rocks with high con-

tent of Fe-bearing aluminosilicates (mafic mylonite, 

massive amphibolite, each with about 60 vol.% horn-

blende) had broad, deep absorptions near 1 µm. Felsic 

rocks, with a low abundance of Fe-bearing aluminosili-

cates (coarse and fine granite, granite gneiss, quartzo-

feldspathic mylonite, and quartz phyllonite, each less 

than 10 %), lack significant absorptions in the 1µm re-

gion. Tonalite had moderate amounts of biotite, and 

hornblende (10 to 20 vol. % combined for each), show-

ing evidence for weak broad absorption in the 1µm re-

gion. 

According to Izenberg et al. (2014), iron is a metallic 

element newly formed or worn surface that exhibits 

substantial absorptions in the visible and near-infrared 

spectrum. A band of electronic transition is produced by 

ferrous iron between 1.0 and 1.1 m. Absorption at 

wavelengths shorter than 0.55 m is caused by charge 

transfer in the link iron(III) oxide, which is commonly 

present in weathering products such as iron oxides. 

This causes the apparent red hue, which is indicative of 

"iron staining," to appear. Ferric iron exhibits diagnostic 

spectrum absorptions around the 0.7 and 1.0 m areas, 

which are crucial in mapping iron ores (Rajendran et 

al., 2007). Ferric minerals most commonly exhibit an 

absorption band near 0.9 µm due to spin-forbidden 

transitions in ferric iron (Horgan et al., 2014). The most 

substantial ferrous iron absorption band is usually cen-

tered near 1 µm. Ferric iron also causes strong absorp-

tions near 2.4 cm-1 (Rajendran and Nasir, 2019). Ra-

jendran and Nasir (2014) used Landsat thematic map-

per (TM) images of Oman ophiolite to distinguish rock 

units. Weathering of elements affecting the spectral 

response of natural rock surfaces lowered the ferrous 

iron of absorption at 1.0 m. It is appropriate for use in 

remote sensing systems because of the occurrence of 

band variations within weathering elements. Further-

more, the Landsat TM system contained bands on the 

edge of 0.9-1.1 m ferric and ferrous absorption charac-

teristics that were within the short-wavelength ferric 

iron cut-off.  

Raja et al. (2010) generated USGS digital spectral li-

brary for the magnetite grains results show typically an 

opaque spectrally featureless mineral in the visible and 

near infrared and absorption 0.45 µm and 1.1µm. Fal-

lacaro and Calvin (2003), Kumar et al. (2015), and Frei 

et al. (2018) investigated the spectral and chemical 

properties of banded iron formation in the VNIR, SWIR, 

and Thermal infrared (TIR) areas. As previously stated, 

the oxide facies was mostly composed of hematite with 

little magnetite. The VNIR minima in the thinly banded 

hematite that occurred in a typical banded iron struc-

ture were 0.65 and 0.85 m. The absence of character-

istics in the VNIR region might be attributed to a high 

concentration of magnetite in the sample. In the VNIR/

SWIR, the magnetite samples display a typical spec-

trum. Rajendran et al. (2007); Chellamuthu Ranga-

nathan and Siddan (2021); Kanth and Ganaraj (2022) 

investigated the FTIR spectra of magnetite mineral in 

magnetite ore powders obtained from the Salem area. 

They discovered a strong magnetite ore absorption 

peak at 1085cm-1.Thangavelu et al. (2011); Panda et 

al. (2021) observed at Noamundi and Joda Mines, 

eastern India, that the primary spectral characteristics 

of iron ores lie in the 850 to 900 nm and 650–750 nm 

regions. 

 

Hyperspectral signatures of iron ores 

The results of the measurement of spectra in the nar-

rower hyperspectral bands over the samples having 

variations in different grain sizes (fine, less than 0.1 

mm; medium, 0.2 to 0.6 mm and coarse, 0.7 to 1.6) are 

given in Fig. 2. It showed strong absorptions near 500 

nm, 900 nm and 2400 nm wavelength regions (Fig. 2 a, 

b and c). The absorptions were characteristic of the 

samples' physical, optical and chemical properties, 
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mainly the contents of iron formations such as magnet-

ite and silicate minerals and their grain sizes. Such ob-

servation of spectral characteristics is comparable to 

Lake Superior's oxide facies banded iron formation, 

consisting of hematite with minor magnetite (Fallacaro 

and Calvin, 2003).  

The study showed that the magnetite ore had a strong 

absorption VNIR/SWIR region of 0.5 µm, 0.9 µm, 1.3 

µm and 2.3 µm. The interpretation of absorption char-

acters of the samples of different grain sizes showed 

significant variations in the absorptions mainly due to 

its mineral contents viz., i). The fine-grained type, which 

consisted of magnetite 47 % and quartz 53 %) showed 

low reflection in the ranges of 0.149 to 0.239 % (Fig. 

2a). ii). The medium-grained type has the magnetite 41 

% and quartz 59 %, and iii) The coarse-grained type 

has magnetite 32 % and quartz 68 %) have reflectance 

percentage ranges of 0.235 % to 0.381 % (Fig. 2b) and 

0.221 % to 0.489 % (Fig. 2c) respectively. The low re-

flection percentage (Fig. 2a) was due to the presence 

of high magnetite and low quartz minerals in the sam-

ples. In comparison, the increase in reflectance (Fig. 2b 

and 2c) was due to the presence of high quartz and low 

magnetite in the samples. The high amount of silica 

concentration determines a higher amount of reflec-

tance and a low amount of absorption in the spectra. 

The important mineralogical variations can be recog-

nized in the spectra. The spectra of the fresh surfaces 

of the formations collected from the field were 

quenched due to abundant magnetite. The quenching 

effects of the magnetite were reduced by weathering 

and oxidation to hematite showing characteristic fea-

tures near 0.9 µm. However, the oxidation of hematite 

reduced the quenching effects of this mineral and al-

lowed the characteristic absorption features of the pri-

mary mineralogy of the rock. 

This ferrihydrite spectra displayed a significant water 

band at 1.44 and 1.93 m, as well as a conspicuous 

Fe3+ band around 0.93 m. There was a shoulder about 

0.6 m and a faint wide band near 0.97 m in the ma-

ghemite spectra. This sample had some maghemite, as 

seen by the hematite spectrums band around 0.9 m 

with a shoulder near 0.6 m. A faint band at 1.1 m and 

extremely low reflectance were present in the magnet-

ite spectra. The below Table. 1 shows the absorbtions 

fields of the ferrous and ferric iron component ranges. 

The reflectance spectrum of magnetite in the Fig. 2 

shows that most of the features are anticipated due to 

the high proportion of ferric and ferrous contents in the 

magnetite and hematite minerals in the formations. Ra-

jendran and Nasir (2014) studied the natural surfaces of 

parts of Oman. They stated that the ferrous iron absorp-

tion 1.0 µm is reduced as a result of weathering of min-

erals controlling the spectral response of natural rock 

surfaces. The absorption features observed in the nar-

rower hyperspectral bands were significant to map 

magnetite ores and understanding the concentration of 

magnetite and the quality of deposits. Despite changes 

in particle size (i.e., in texture and roughness of the 

surface), the spectral fingerprints of magnetite ores rec-

orded at several sites for varied grain sizes exhibited 

relatively low reflectance values, according to a com-

Fig. 2. a) Laboratory spectra of fine-grained b) Medium 

grained and c) Coarse-grained type of magnetite quartzite 

iron ore samples. Black arrow shows the absorption reflec-

tance of iron minerals  

Electronic  

process 

Ferrous  

(Fe2+) 

Ferric  

(Fe3+) 

Charge transfer   

250 nm,  

400 nm,  

600 nm 

Crystal field 

effects 

900-1100 nm, 

550 nm 

450 nm 

750-950 nm,  

550-650 nm,  

450 nm 

Table 1. Absorption field of ferrous and ferric iron  

components 
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parison between grain size analyses and the obtained 

spectra. 

 

Fourier Infrared Transform Spectroscopy (FTIR) 

study 

To validate the spectral absorption characteristics of 

the iron ore formations, the samples were further stud-

ied under FTIR spectroscopy. Using the standard ana-

lytical procedures, about 20 powdered samples were 

analyzed by the method, and the results of selected 

samples are given in (Fig. 3). The spectra of the sam-

ples exhibit strong transmittance in the visible and infra-

red regions between 517 cm-1–521 cm-1, and 1080 cm-

1–1083 cm-1, respectively.  Gholizadeh et al. (2021) 

and Dibb et al. (2022) stated that the transmittance 

features are comparable to the absorption features 

studied in the spectra collected in the laboratory sam-

ple using a portable Spectroradiometer, which showed 

the absorptions in the wavelengths of 500 and 900 nm 

of visible and near-infrared wavelength region.  

The transmittance in the ranges 517 cm-1 – 521 cm-1 

and 778 cm-1 - 796 cm-1 are due to the crystal field ef-

fects of ferric iron in the magnetite minerals. Whereas 

the transmittance in the ranges of 1080 cm-1 – 1083 cm
-1 is due to the crystal field effects of ferrous iron in the 

hematite (magnetite oxidized) minerals in the samples 

(Sahoo and Hota., 2018). The fine-grained type of sam-

ples (Fig. 4a and b), which had a high amount of mag-

netite, showed high absorption in the transmittance, 

whereas the absorption decreased with the increase of 

grain size and decrease of magnetite contents.  

 

Geochemical signatures 

To confirm the spectral absorption characteristics of the 

iron formations, the field samples were studied in the 

laboratory. In hand specimens, the magnetites are ex-

Fig. 3. FTIR spectra of iron ore samples of Tirthamalai region 
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hibited black and magnetic, metallic lustre, compact 

with high hardness and specific gravity. The samples 

have been classified based on grain sizes as Fine, Me-

dium, and Coarse-grained types (Fig. 4)  

Under the microscope, the minerals that occurred in the 

samples were quartz, magnetite, hematite, limonite, 

grunerite and hypersthene. The predominant minerals 

were quartz, magnetite and hematite. The amount of 

quartz and magnetite varied between more comprehen-

sive limits. To study the chemical characteristics of the 

formations, the samples were analysed further for the 

concentration of major chemical elements.  

The results of the analyses are given in Tables 2 (a), 

(b) and (c). It showed that the distribution of  Fe3O4 

contents ranged from 45.52 to 57.25 % (average of 

49.27 %); SiO2 ranging from 41.44 to 53.82 % (average 

of 47.12 %); Al2O3 contents ranging  0.06 % to 1.08 % 

(average of 0.19 %); MnO contents ranging from 0.01-

0.14 % (average of 0.04); MgO contents ranging from 

0.05 to 1.69 %, (average 0.52 %); CaO, Na2O, and 

K2O, ranging from 0.08 to 1.98 ; (average 0.42); 0.02 to 

0.22 %; (average 0.07); 0.01 to 0.18 %; (average 0.03); 

TiO2 and P2O5 ( 0.05 %); (average 0.02 %); 0.41 %; 

(average 0.13) respectively. The Fe3O4 and SiO2 con-

tents of the samples were significantly high (40-60 

weight %), reflecting the superiority of magnetite and 

quartz. Among the major oxides, such as CaO, K2O, 

MgO, MnO, Na2O and TiO2 were less than 0.1 % 

weight. Above the results showed that the samples had 

a significant amount of iron and silica (Fig. 5), reflecting 

Fig. 4. Showing the field photographs and microphotographs (Nicol Crossed, 35X). (a) and (b) the fine, (c) and (d) the 

medium, and (e) and (f) the coarse-grained type samples showing the presence of discontinuous magnetite band, quartz 

ribbons and grunerite minerals in the iron formations of Tirthamalai region. Photographs a) showing the 10cm width of 

quartz bands segregated from the fine BMQ 
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Elements TM1 TM2 TM6 TM17 TM23 TM24 TM30 TM36 TM37 TM40 

SiO2 43.16 44.75 42.96 46.08 43.07 42.63 41.44 43.32 42.53 41.98 

Al2O3 0.11 0.19 0.26 0.25 0.11 0.22 0.09 0.1 0.08 0.13 

Fe3O4 55.01 53.34 54.43 52.06 55.05 55.19 57.25 53.06 55.05 55.56 

MnO 0.023 0.052 0.14 0.05 0.045 0.051 0.052 0.064 0.075 0.043 

MgO 0.66 0.59 0.43 0.56 0.45 0.68 0.05 1.69 1.23 1.16 

CaO 0.25 0.28 0.31 0.35 0.52 0.64 0.1 0.39 0.08 0.62 

Na2O 0.06 0.08 0.03 0.08 0.07 0.09 0.05 0.03 0.08 0.05 

K2O 0.02 0.04 0.04 0.03 0.02 0.03 <0.01 0.02 0.05 0.01 

TiO2 0.0355 0.026 0.019 0.05 0.032 0.027 0.028 0.034 0.019 0.016 

P2O5 0.12 0.15 0.19 0.26 0.13 0.14 0.11 0.17 0.16 0.16 

Total 99.44 99.49 98.79 99.77 99.49 99.69 99.17 98.87 99.35 99.72 

Table 2. Major elements composition of (a) the fine, (b) the medium and (c) the coarse-grained type samples of the iron 

ores of Tirthamalai region 

A. Fine grained type 

Elements TM5 TM7 TM11 TM18 TM19 TM21 TM29 TM32 TM33 TM35 

SiO2 47.18 48.14 49.16 44.28 47.65 49.18 48.88 47.41 45.85 46.99 

Al2O3 0.05 0.24 0.14 0.12 0.11 0.13 0.14 0.25 0.07 0.16 

Fe3O4 51.45 49.79 49.04 51.65 49.96 49.15 50.02 51.12 50.34 49.3 

MnO 0.039 0.025 0.059 0.03 0.054 0.042 0.029 0.04 0.073 0.046 

MgO 0.24 0.54 0.48 0.56 0.78 0.61 0.09 0.24 0.67 1.32 

CaO 0.35 0.22 0.7 0.4 0.46 0.35 0.59 0.36 1.98 0.53 

Na2O 0.22 0.04 0.03 0.06 0.05 0.02 0.07 0.06 0.08 0.13 

K2O 0.02 0.02 0.04 0.01 0.02 <0.01 <0.01 0.05 0.02 0.05 

TiO2 0.022 0.032 0.022 0.019 0.012 0.016 0.024 0.031 0.01 0.048 

P2O5 0.41 0.022 0.001 0.21 0.33 0.16 0.15 0.16 0.24 0.06 

Total 99.98 99.06 99.67 97.33 99.42 99.65 99.99 99.72 99.33 98.63 

Elements TM3 TM8 TM9 TM10 TM12 TM16 TM26 TM31 TM38 TM39 

SiO2 50.96 49.58 49.55 49.32 50.53 49.16 50.66 53.82 51.95 51.51 

Al2O3 0.21 0.25 0.28 0.18 1.08 0.25 0.18 0.19 0.17 0.15 

Fe3O4 47.25 47.92 47.83 47.56 47.59 48.73 48.52 45.52 47.3 46.16 

MnO 0.069 0.052 0.019 0.03 0.036 0.04 0.028 0.025 0.05 0.034 

MgO 0.23 0.25 0.45 0.53 0.42 0.51 0.06 0.059 0.16 0.05 

CaO 0.36 0.68 0.46 0.43 0.16 0.45 0.16 0.19 0.09 0.14 

Na2O 0.1 0.08 0.15 0.06 0.08 0.06 0.08 0.05 0.084 0.06 

K2O <0.01 0.012 0.18 0.019 0.01 0.019 0.02 0.02 0.039 0.039 

TiO2 0.02 0.0019 0.018 0.034 0.018 0.022 0.019 0.019 0.015 0.012 

P2O5 0.16 0.027 0.035 0.009 0.002 0.027 0.09 0.1 0.07 0.18 

Total 99.5 98.87 98.2 99.44 97.92 98.27 99.3 99.53 99.02 99.23 

C. Coarse grained type 

B. Medium grained type 

Fig. 5. Showing the concentration and distribution of (a). the Fe2O3 (ferric oxide) and (b). the SiO2 in the fine, medium 

and coarse-grained types of samples of the iron ore deposits of the Tirthamalai region 
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the magnetite and quartz minerals that are character-

ized by the absorptions in the spectra. 

Conclusion  

The spectral absorption characteristics of the iron ore 

formations in the Tirthamalai hill in Dharmapurai Dis-

trict, Tamil Nadu carried out through the measurement 

of laboratory spectral signatures in the wavelength of 

350-2500 nm and validated by FTIR analytical study 

showed that the absorption features around 0.5 µm and 

0.9 µm were due to iron contents in the samples. The 

FTIR spectrum of magnetite samples exhibited strong 

absorptions in the visible and near-infrared regions 

showing magnetite in the range of 517 cm-1 – 521 cm-1 

and quartz in the range of 1080 cm-1 – 1083 cm-1, re-

spectively. The absorption characteristics of the iron 

ore samples were confirmed by petrological and geo-

chemical studies, which showed the presence of a high 

amount of the major iron and silicate minerals such as 

magnetite, quartz, grunerite and hypersthene. The ma-

jor elements geochemistry of the samples reflected the 

high amount of iron and silica in the samples, which 

caused the spectral absorption in the wavelength. The 

study showed that the spectral absorption features of 

the iron formation depend mainly on the banded iron 

ore formations' physical, optical, and chemical charac-

teristics. The mineralogical identification from hyper-

spectral images may improve grade control on an iron 

ore mine face. It will be extremely useful for mining 

businesses in the near future.           
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