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Abstract

Objectives: To elucidate the minerals and elements available in sedimentary
rocks of Bodamalai hills which is located in Namakkal district, Tamil Nadu
state, India. To examine the radiological fingerprints of the rock samples.
Methods: Fourier Transform Infra-Red (FT-IR) Spectroscopy method was
carried out to identify the minerals, X-Ray diffraction (XRD) techniques were
used to confirm the presence of minerals and identify the new minerals,
and to reveal the chemical composition and morphological studies as
well. The Scanning Electron Microscope along with Electron Dispersive X-
ray Analysis (SEM-EDX) utilized to detect the presence of elements along
with their percentage of weight. The concentration of radionuclides like
40K, 232Th and 238U was determined using High Purity Germanium (HPGe)
detector and their amount expressed in Bq kg'. Findings: The minerals
Quartz, Calcite, Cristobalite, Gibbsite, Goethite, Halloysite, Hectorite, lllite,
Kaolinite, Lepidocrocite, Microcline Feldspar, Montmorillonite, Nacrite, Organic
Compound, Palygorskite, Sepiolite, and Siderite are identified through FT-
IR and XRD. The nature of the crystanillity of quartz was not uniform from
top to bottom, it was randomly present in elevation wise with a range from
1.07 to 1.44. The elements Carbon, Oxygen, Sodium, Magnesium, Aluminium,
Silicon, Potassium, Calcium, Iron and Copper found their percentage of weight
with atomic percentage. Silicon and Oxygen were dominant elements in rock
material. The amount of radiation exposure of radioactive elements 4°K, 232Th
and 238U was found. Novelty: The availability of minerals and elements was
identified in Bodamalai Hills. The metals Al, Fe, Cu, Mg present in this rock were
found and their percentage of availability is Al-5.46%, Fe-1.54%, Cu-0.14% and
Mg-0.18%. The radiological results indicate that the radioactivity shows only in
40K (58.8+21.1 Bq kg™' to 264.1+26.2 Bq kg™') other elements 232Th, 238U were
shown below the detection limit (less than 1 Bq kg™').
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1 Introduction

The Rocks are the natural sources of most minerals. The bunch amount of minerals
and elements plays a vital role in construction materials, industrial and technology
applications!~3). Some phosphate rocks minerals were used in necessary nutriments
for the growth of cultivated plants, and some important uses in the production of
chemicals, disinfectants, biomaterial applications, and different food products as well ).
The spectroscopic studies will give chemical and morphological information about the
minerals present in the hills®. A physic-chemical and geomechanical investigations
were used in petroleum, mining and civil engineering applications ). The artificial
exploration or natural degradations the concealed minerals could be exposed. These
exposed rocks as in the form of rock crystals.

These rock materials are subjected to the proper investigation of various spectro-
scopic techniques like FTIR, XRD and EDX with SEM used to identify the elements
and minerals. Infrared spectra act as “finger print” technique and yield information
about the atomic grouping present in the rock samples. IR tool in mineralogy is a most
powerful tool in conjunction with XRD. Using FTIR, remarkable information about
the group of minerals in which the specimen belongs, the degree of Crystalline and
Nature of Crystinallity also inferred. The absorption spectra in FTIR played a vital role
to investigate type of bonding, structure of the crystalline minerals and some chemical
information .

Energy Dispersive X ray Spectrometry was chosen for the quantitative analysis
of potsherds because of its precise, relatively cheap and easy to handle. It has limit
processing times and very low detection limits. The basic principle of EDX is that
the electrons in particular elements are excited by X-rays they emit or fluorescence a
spectrum of X-ray that is specific to that element. In the present study, the Bodamalai
hills from Namakkal district, Tamil Nadu state, India are subjected to several analytical
methodologists.

Every living organism in our earth exposed the natural radiation due to the
concentration of primeval concentration of 2*2Th, *¥U and their decay products, natural
radio nuclide “°K present in earth curst (UNSCEAR). In earth environment the natural
radioactivity exist in various geological forms like soils, rocks, sand, air, water, plants
etc., The human beings must aware about the health effects of these radiations. Acute
leucopoenia, chronic lung diseases, anaemia could occur to human beings if there is in
more harmful radiation. Rock sediments contents rich amount of minerals as well as
radioactive elements. Humans should be aware of their natural radiations effects due to
radioactive elements .

2 Methodology

2.1 Samples Collection

Bodamalai hill (11°32°31” N 78°14’37” E - Longitude and Latitude) is a part of Eastern
Ghats in Rasipuram Thaluk in Namakkal district in Tamil Nadu, India. It has Elevation
of 1,100 m (3600 feet) with a wide area of 180 km?. Its length is 19.3121 km (12.0000
mi) East — West side. The location of the Bodamalai hills is shown in Figure 1.
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Fig 1. Location of Bodamalai Hills, Tamil Nadu

2.2 Sample Preparation and Instruments used

For Mineral analysis, the sediments were collected from various 15 locations of hills. Depending upon the elevation, the
hills sample locations are divided into 15 places. The hills have no proper way to reach top locations. Their foot paths were
approximately divided by 15 locations and collected sufficient rock samples for spectroscopic analysis. The samples were
collected from the Elevation of the Hill from Top to Bottom. In all locations, 1 kg of rock samples were collected in airtight
Polythene bags.

2.3 Experimental Methods

All the samples were cleaned with clear water and weathered on the surface for an hour in order to remove moisture. The
samples are taken 30-50 mg and grinding in an agate mortar for 15-20 minutes till to get expected size of around 60-70 mm.
By pellet techniques, the grinded samples were mixed with KBr with the ratio of 1:40. The mixed materials were made like a
transparent disc by using a high pressure technique. Using ‘Perkin Elmer’ makes ‘Spectrum RX I’ Model FTIR spectrometer
the maximum transmittance and peaks were observed. The resolution of the instrument is +-4 cm™! and an accuracy of £+0.01

cm.
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2.4 FTIR Spectroscopic Technique

The Fourier Transform Infrared Spectroscopic Technique has been vast used in the detailed characterization of Molecular
Structure and it is used as an identical tool since every species for which the molecular motion causes a change of dipole
moment. One of the most important applications of FTIR studies is the identification of minerals in rock samples.

To provide a good characterization of a mineral by IR spectroscopy the spectrum should be recorded in the range of 4000
- 400 cm™!. Such coverage ensures that most of the useful vibration active IR will be included V). The Nicolet-Avatar 330 series
FTIR Spectrometer is used in this present work to obtain FTIR spectra of the rock samples at room temperature. This device
scans the spectra 16 times in one minute. A standard polystyrene film is used to calibrate the accuracy of the instrument at
every time before taking the readings.

2.5 XRD Technique

X-Ray Diffraction analysis is a non-destructive method to gather the detailed information about the chemical composition
and the crystallographic structure®. At room temperature the X-ray diffraction patterns were recorded using Siemens D500 X
ray diffractometer having a curved graphite crystal diffracted monochromator, CuKa radiation used as a source and Nal (TT)
scintillation counter. The derived peaks and corresponding Minerals are given in Table 2. The diffraction patterns were revealed
over the 2q values in the range of 20° to 80°. The lattice parameter is the order of 0.005 A is the estimated error of the device.
Using the values of 2-Theta in degree and d-spacing in A of XRD spectrum for various minerals have been identified from
JCPDS database, 2000 and reference journals as well. The experiment XRD pattern was compared with patterns obtained from
JCPDS database.

The minerals such as Quartz, Sepiolite, Goethite, Albite, Microline Feldspar, Orthoclase Feldspar, Kyanite, Calcite, Zircon,
Monazite, Aragonite, Magnetite and Hematite are identified and tabulated. The above mentioned minerals are confirmed by
XRD technique earlier identified from FTIR graphs. The crystallinity index and their Nature of crystallinity of the sample of
minerals are also tabulated.

2.6 Radiological Fingerprints Measurements

2.6.1 High Purity Germanium Detector

The P type coaxial based 50% relative efficiency High Purity Germanium (HPGe) detector is used in this study. The detector
is enclosed in cylindrical shielding with thickness of 10 cm lead, 2 mm cadmium and 1 mm copper to reduce the background
counts. Detector parameters (resolution & counts) and electronic gains are periodically verified using ®*Co gamma source
(1332 keV energy). All samples undergone the studies at Radiation Application and Technology Division, Safety, Quality and
Resource Management Group IGCAR (Indra Gandhi Centre for Atomic Research) — Kalpakkam, Chennai, Tamil Nadu, India.

2.6.2 Powdered Rock Sample Pre-treatment and Analysis

The collected soil samples were dried at 110°C and sieved using 2 mm sieve. The geometry matrix used for the present study is
250 ml bottles and kept for 30 days for achieving the equilibrium between the parent and daughter radionuclides for estimation
of 28U and #**Th activity concentration. The packed samples are measured using HPGe detector for the estimation of naturally
occurring radioactivity materials (***U, 2**Th & *°K). The activity of **Th in the samples was estimated by 2614 keV gamma
rays emitted from 2°°T] whereas 23U activity was measured using 1764 keV gamma peak of 2'*Bi. Photo peak at 1460 keV was
used in determination of *°K activity concentration. All the samples were counted for 86400s.

The specific activity of radionuclide in the environmental samples is estimated using equation .

L Bq N
Activity <K7g> = 75*2?*171*7

Where N is sample net counts, ¢ is the efficiency of the system, t is counting time, m is sample mass and -y is gamma emission
yield.
3 Results and Discussion

3.1 Identification of minerals through FTIR Analysis

The absorption frequencies of all spectra are tabulated in wave number (cm™) in Table 1. The observed wave number compared
with available literature the minerals such as Burnswigite, Organic Carbon, Gibbsite, Quartz, Aragonite, Sepiolite, Calcite,

https://www.indjst.org/ 62


https://www.indjst.org/

Surendar et al. / Indian Journal of Science and Technology 2025;18(1):59-71

Cristobalite, Hectorite, Kaolinite, Montmorillonite, Hallyosite, Nacrite, Goethite, Microcline Feldspar, Megnetite, Hematite and
Pyrophyllite are identified and tabulated for Bodamalai Hills. The FTIR Spectrum is given in Figure 2.
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Fig 3. FTIR Spectra - Bodamalai hills - Site Numbers 1 to 15

Table 1. The observed absorption wave numbers and corresponding minerals from FTIR Spectra with Band Assignment (1-3,6,8-18)

SI. No. Name of the miner- Chemical Formula Site number Observed wave Band Assignment
als numbers (cm™!)
1,3,5-7,10 & 14 1880 - 1876 Si-O -band
3,5,6 & 10 1084, 1083 Si-O-Si symmetrical
1 Quartz SiOqy stretching
1to 15 780 - 778 Si-O  symmetrical
stretching

Continued on next page

https://www.indjst.org/ 63


https://www.indjst.org/

Surendar et al. / Indian Journal of Science and Technology 2025;18(1):59-71

Table 1 continued

1to15 694 - 692 Si-O-Si asymmetrical
bending
1&3-15 467 - 463 Si-O-Si  symmetrical
bending
1,3-5,7-9 & 12-15 3433 - 3430 Si-O symmetric elon-
gation vibration
2 Kaolinite [Al4Si4O14(OHg)] 2,6,10 & 11 3426 - 3423 Si-O symmetric elon-
gation vibration
2 1017 Si-O stretching (clay
mineral)
1,3,7,9,12,13 & 15 1035, 1036 Si-O stretching (clay
mineral)
14 474 Si-O stretching (clay
mineral)
3 Calcite CaCO5 1,3-5,8,9 & 12-15 1385 - 1383 C.I=O stretching vibra-
tion
6&7 1082 (CO3)5 out-of-plane
bending
4 Cristobalite SiO5 (Polymorph of silica) 1,48 &9 1099 - 1093 Si-O -band
5 Gibbsite Al(OH)3 1,3-5,8,9 & 12-15 2026, 2025 O-H bending vibra-
tions
6 Goethite «a-FeO(OH) i}to 15 Z:g 632 E:_g Ezﬁiiﬁg
7 Halloysite Al5Si5O5(0OH), 14 1101
8 Hectorite Na0,3(Mg,Li)35i4,01o(OH)o 15 1079 Si-O stretching band
9 Hematite a-Pe504 1,3-10 & 12-15 539 - 537 Si-O-Al (or) Fe5 O3
10 lite (K’.HSO)(AI’Mg’F% 12 754 H-O-H Stretching
(S1.AD4010(OH)2,(H2 0] 7 1620 H-O-H Stretching
11 Lepidocrocite FeO(OH) 2 541
12 Microcline Feldspar (K)[AISiO30g] 1to 15 585 - 575 Al-O  coordination
vibrations
13 Montmorillonite (Na,Ca)g 3(ALMg)5Sis O 6 & 10 1027 O-H stretching of
(OH)5 nH,O absorbed water
14 Nacrite Al5Sis O5(0OH) 4 14 1008 molecule
. 1to 15 2925 - 2921 Organic matter
1> Organic Carbon ¢ 1to15 2857 - 2853 Organic matter
16 Palygorskite (Mg,Al)5Si,01¢(OH)4(H50) 2 1634 .stretchir.lg and bend-
ing regions of water
molecules
11 517 OH-stretching band
17 Sepiolite MgySigO15(0H),6(H,0)  p oI oS ien o EsOH bending
18 Siderite FeCO3 7,11 1426 Fe-O bending

3.1.1 Quartz

Quartz (SiO,) is a ubiquitous mineral and it is an abundant constituent in all the Rock sediments. It is non-clay mineral and
common and invariably present in almost all the samples. The Si-O bonds are the strongest bonds in the silicate structure and
it could be recognized in IR spectra. It is an important component of almost all the samples and its characteristic peaks are
reported by several workers 1-%8-2%), The presence of Quartz in Bodamalai hills is available in all the site locations.

The presence of Quartz is observed in various wave numbers and it is tabulated in Table 1. The FTIR absorption band 1880
- 1876 cm™ with Si-O stretching band, 1084 cm™, 1083 cm™! absorption with Si-O-Si symmetrical stretching vibration band,
780 - 692 cm’! Si-O symmetrical stretching, 467 — 463 cm™! Si-O-Si symmetrical bending are suggest the presence of Quartz
in wave number (">%9), The presence of Quartz in the rock samples can be explained by Si-O asymmetrical bending vibration
in the range of 455-460 cm™! and 470 cm™!, Si-O asymmetrical bending vibrations are 693-695 cm™! frequency range ">%. The
frequency ranges 775 cm™! and 780 cm™ shows the Si-O symmetrical stretching vibration 780 cm™ are symmetrical bending

https://www.indjst.org/ 64


https://www.indjst.org/

Surendar et al. / Indian Journal of Science and Technology 2025;18(1):59-71

vibrations. 778 cm™! frequency shows the Si-O symmetrical bending vibration (1-26:8-10:19)-

3.1.2 Feldspar (Orthoclase, Microcline, Albite)

Feldspars [AlSi;Og] are the most important mineral group in all rock sediment types which make up perhaps as much as
60% of the Earth’s Crust. The general formula is WZ,Og. “W” may be Na, K, Ca and/or Ba, “Z” is Si and/or AL Its group of
minerals such as Orthoclase, Microcline (K)[AlSiO50g4], Sanidine (K-Feldspar), Aorthite (Ca-Feldspar), Albite [NaAlSi;Og]
are identified by many researchers by analysing the FTIR spectroscopic techniques .

They differ in structure Orthoclase Feldspar is Monoclinic, Microline Feldspar is Triclinic and Sanidine is Tetraheral, the
frequency range 435 cm! lies Si-O mixed vibration range® and 533-540 cm™! are Si-O asymmetric bending vibration 10,
570 cm™! shows the Si-O symmetrical bending vibration, 585 cm™ is O - Si(Al) - O bending vibration ® and 640 - 644 cm™!
frequency ranges are shows Al - O - Co-ordination vibration ).

3.1.3 Clay Minerals (Kaolinite, Montmorillonite, Illite)

Kaolinite [Al,Si;O,,(OHg)] is a clay mineral crystallizing the Monoclinic form and forming a major component of China
clay and Kaolin. It is softy earthy, usually white mineral. This raw material is basic for ceramics and large quantities are used in
fabricate the coated paper. In FTIR frequency spectrum 3426-3423 cm™ shows the presence of Kaolinite in the site numbers
(2,3,6,10 & 11) with symmetric elongation band vibration >4, 1017 cm™!, 1037-1035 cm™! shows the presence of Kaolinite
minerals in site numbers (1,3,7,9,12,13 & 15) with Si-O stretching band %%,

According to N. Oumabady Alias Cannane®, Montmorillonite [(Na,Ca)q 5(ALMg),Si O, 4(OH), nH, O] contains both
tetrahedral and octahedral isomorphism substitution, Al (and occasionally Fe’*) for Si in the former case, and Fe** and Mg for
Al in the latter. These substitutions of result, crystalline order are reduced. Montmorillonite is a very soft phyllosilicate mineral
and it forms in microscopic crystals and forming clay. 1019 - 1027 cm™! range of frequency spectrum shows the presence of
Montmorillonite in site numbers 4 and 5 with the O-H stretching of absorbed water molecule band ).

3.1.4 Carbonate Minerals (Calcite, Aragonite, Dolomite)

Calcite [CaCOg] is one of the major minerals in rock sediments and it is present in abundant nature in almost all the site
numbers in the Hills were examined. It contains the anions (CO4)* and includes Ca, Aragonite (both calcium carbonate),
Dolomite (Magnesium/calcium carbonate), Siderite (iron carbonate). In the Bodamalai hills at site numbers 1,3,4,5,8,9 &
12-15 abosroption shown the presence of calcite with C=0O stretching vibration band assignment 1383 cm™ and 1384
cm! (1369141520 Erom the site numbers 6 and 7 (CO3), out-of-plane bending vibration has shown the calcite mineral at
1082 cm! band absorption (16-18:21:25)

3.1.5 Orgonic Carbon

These minerals are in a very weak absorption band, due to C-H absorption of contaminants present in the samples. In
Bodamalai hills the wavenumber region of (2925 - 2921) cm™ and (2857-2853) cm™ the organic carbon are identified in all
site numbers 1829

3.1.6 Other Minerals

Cristobalite is a naturally occurring mineral with Si-O vibrating band (1099-1093 cm™') present at site numbers 1,4,8 and
9, Gibbsite [Al(OH) 3] with O-H bending vibrations shows at wave number 2026 and 2025 cm™! shows their presents at site
numbers 1,3-5,8,9 & 12-1517) Goethite [a - FeO(OH)] is a iron bearing mineral revealed at the site numbers 2 to 15 with Fe-
O bending vibrations at frequency range from 636 to 632 cm™ (7). Similarly the Halloysite mineral [Al,Si,O5(OH),] shows
their availability at the site number 14 wavenumber 1101 cm™' 1), Hectorite [Na0,3(Mg,Li);Si40, , (OH),] exhibits at the site
number 15 with 1079 cm™ 129, Hematite [a - Fe, O] is a iron oxide mineral present in almost all site numbers except 2 and 11
at frequency range of 539-537 cm™! (23582121825 T epidocrocite [FeO(OH)] is a reddish brown iron- oxide-hydroxide mineral
presents at site number 2 with the frequency of 541 cm™ .

Nacrite [Al,Si,O5(OH),] is colourless transparent mineral with monoclinic structure revealed at site number 4 with
the frequency of 1008 cm-1®). Palygorskite, also known as attapulgite is a fibrous clay mineral with chemical formula
(Mg,Al)5Si, O o(OH) 4, shows its availability at site number 2 with frequency of 1634 cm™ at the site location number 2 17:2%),
Sepiolite Mg, Sig O, 5 (OH),6(H,O) is a soft white clay mineral present at site numbers 1,2-6,8-11 & 12-15 with the wavenumber
1635 - 1622 cm™! 182 Siderite made of iron carbonate [FeCO5] mineral revealed at site numbers 7 and 11 with the frequency
range of 1426 cm™ with Fe-O bending vibration ).
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3.2 Crystallinity Index of Quartz

The Crystallinity Index could be defined as the fraction of crystalline materials in a mixture of crystalline and non-crystalline
materials. It cannot be found directly and is determined from the crystallinity index which is inversely proportional to
crystallinity. Quartz is the major mineral present in all the sediment samples, the crystallinity index could be found. If
crystallinity is minimum, then the minerals are said to be disordered. If it is maximum then the minerals are considered to
be ordered state® .

The Ratio of absorption band around 777 cm™ (I,-) and 695 cm™ (Ig5) are taken to calculate the crystallinity index of
the minerals. When the crystallinity index is minimum, the minerals are said to be well crystallized and if it is maximum, the

minerals are considered to be in a poorly crystallized state *1821:2%),

Nature of Crystanillity
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Fig 4. Nature of Crystanillity of Bodamalai hills from Top to Bottom

3.3 X-Ray Diffraction Analysis

The minerals identified by the FTIR spectrum are confirmed by XRD Technique. The different mineral phases of rock materials,
the XRD method was chosen. The four location in Bodamalaihills with GPS values (Site No-2: 11°32’13” N 78°12°33” E, Site No-
4:11°31’54” N 78°12’11” E, Site No-6: 11°31’34” N 78°11’48” E and Site No-9: 11°30°49” N 78°10°59” E were selected and their
mineral availabilities were analysed using 2q values, d-spacing, Relative intensity and (hkl) parameters, and those crystalline
planes were confirmed with JCPDS values.

Table 2. XRD values of Bodamalai Hills at Site number 02

S.No  Pos. [°2Th.] Height [cts] FWHM  Left d-spacing[A] Rel. Int. [%]  (hkl) Mineral Name
[°2Th.]

1 20.903 173.91 0.1476 4.24985 7.09 100 Quartz

2 22.0531 138.45 0.1476 4.03074 5.64 020 Goethite

3 23.6849 67.19 0.1476 3.75662 2.74 111 Albite

4 24.399 83.99 0.1476 3.64827 3.42 131 Microline
Feldspar

26.7196 2453.88 0.1476 3.33644 100 101 Quartz

6 27.5832 233.72 0.0984 3.23392 9.52 002 Orthoclase

Feldspar

Continued on next page
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Table 2 continued

7 28.0992 500.76 0.1476 3.17569 20.41 121 Kyanite

8 29.8179 63.62 0.1968 2.99645 2.59 104 Calcite

9 30.4105 71.9 0.1968 2.93939 2.93 402 Zircon

10 31.4851 33.76 0.2952 2.84148 1.38 200 Monazite

11 33.8837 17.96 0.2952 2.64563 0.73 031 Aragonite

12 35.505 38.32 0.246 2.52844 1.56 011 Goethite

13 36.6231 125.42 0.1968 2.45378 5.11 240 Microline
Feldspar

14 39.5014 92.95 0.1968 2.28136 3.79 012 Quartz

15 40.3569 112.81 0.1476 2.23496 4.6 200 Quartz

16 42.5201 85.21 0.1476 2.12613 3.47 200 Quartz

17 45.8655 48.28 0.1476 1.97854 1.97 200 Quartz

18 50.1841 277.32 0.1968 1.81793 11.3 354 Magnetite

19 59.9848 101.84 0.1968 1.54223 4.15 332 Orthoclase
Feldspar

20 63.8237 18.62 0.3936 1.45841 0.76 311 Hornblende

21 68.3567 139.33 0.1476 1.37233 5.68 301 Quartz

From site number 02 the diffraction peaks at 2q° : 20.90, 26.71, 39.50, 40.35, 42.52, 45.86, and 68.35 that correspond
respectively to the planes of crystalline (100), (101), (012), (200), (200), (200) and (301) these XRD peaks are assigned to the
Quartz mineral phase (SiO,-Hexagonal structure) according to the JCPDS (N° 00-046-1045)1). 2q° : 24.39, 36.62 diffraction
peaks show the (hkl) crystalline plane (121), (340) for Microline Feldspar and 2q° : 27.58, 59.98 peaks with (002), (332) for
Orthoclase Feldspar. The calcite mineral (CaCO4) presence was confirmed from the diffraction peak 2q°:20.81 with the (hkl)
trigonal crystalline plane (104) according to the JCPDS (N° 01-086-2344) 49,

The diffraction peaks at 2q°: 20.05, 23.68, 28.09, 30.41, 31.48, 33.88, 35.50, 50.18 and 63.82 values with the crystalline plane
(hkl) values (020), (111), (121), (402), (200), (031), (011), (354) and (311) corresponds to the minerals Goethite, Albite, Kyanite,
Zircon, Monozite, Aragonite, Goethite, Magenetite and Hornblende respectively 112,

The second location on Bodamalai hills site number:04 X-Ray diffraction peaks 2q°: 20.92, 26.71, 39.50, 40.34, 45.86, 50.85,
68.30, 69.99 and 73.59 with the crystalline plane (100), (101), (012), (113), (200), (200), (003), (301), (014) and (014) belongs
to Quartz mineral.

2q°: 67.45, 27.74 and 68.12 with the crystalline plane (131), (130) and (240) shows the Microline Feldspar mineral. 2q°:
22.05,23.80, 28.43,29.72, 30.42, 31.50, 33.85, 35.44, 64.21 and 66.44 diffraction peaks shows with crystalline plane (330), (111),
(021), (211), (104), (402), (200), (031), (011), (140) and (112) revealed the minerals Sepoilite, Albite, Kyanite, Calcite, Zircon,
Monazite, Argonite, Geothite, Magnetite and Hematitie respectively.

The third location with the site number 06 with latitude and longitude 11°31°54” N 78°12°11” E revealed the diffraction peaks
2q°: 20.81, 26.62, 39.38, 42.24 and 45.69 with the crystalline plane (100), (101), (012), (200) and (200) shows the availability of
Quartz mineral.

The diftraction peaks 2q°: 22.89, 24.36, 36.53 with the crystalline plane (111), (131) and (240) shows the availability of
Microline Feldspar. And 2q°: 27.76 peak with the plane (002) shows the presence of Orthoclase Feldspar. 29.71, 42.87 diffraction
peaks give the availability of Calcite with the crystalline plane (104) and (121).

In the same location 2q°: 23.62, 28.02, 30.24, 31.41, 33.81, 35.44, 50.11 and 67.69 diffraction peaks correspond with the
crystalline plane (111), (021), (204), (200), (031), (011), (354) and (167) gives the availability of the minerals Albite, Kyanite,
Zircon, Monacite, Aragonite, Geothite, Magnetite and Aragonite.

The fourth location of the same hills with the diffraction peaks 2q°: 20.88, 26.72, 55.50 and 68.32 with the crystalline plane
(100), (101), (013) and (301) shows the presence of Quartz mineral. 2q°: 24.42, 36.05 peaks with crystalline plane (131), (130)
revealed the Microline Feldspar and the peaks with 29.87, 42.95 with plane (104), (121) give the calcite mineral. Followed by
the diffraction peaks 22.08, 23.75, 28.09, 30.31, 33.83, 35.50, 49.84 and 66.33 with the crystalline plane (330), (111), (021),
(204), (031), (011), (354) and (112) shows the minerals Sepiolite, Ablite, Kyanite, Zircon, Aragonite, Goethite, Magnetitie and
hematitie respectively.
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Fig 5. XRD Spectra of Bodamalai hills site numbers (2,4,6 and 9)

EDX with SEM

Energy Dispersive X-ray Spectrometer analysis enables one to identify and confirm microminerals and inspect the distribution
of these within the rock samples. The superficial elemental profile, structure and internal morphology could investigated by
EDX-SEM (1) These individual spectra give information about the additional basic minerals for better comparative scrutiny.
In our studies, diverse elemental composition in rock samples like Aluminium (Al), Magnesium (Mg), Iron (Fe), Sodium (Na),
Silicon (Si), Potassium (K), Calcium (Ca), Copper (Cu), Carbon (C) and Oxygen (O), and their mass fraction and atomic
percentage were measured by EDX. This EDX result has shown that Si and O were significant elements and most dominant in
examined samples.

The rock powder samples were dried at 110°C in an oven until no further weight loss was observed. 1: 2 ratios of samples
and Boric acid were mixed. The mixture is made as a pellet of 30 mm diameter using a 15 ton hydraulic press. The prepared
samples have undergone the study of EDX (Energy Dispersive X ray Spectrometry) at National College, Tiruchirappalli, India.
The power specifications of the tube are 4-30 kV; 1 mA - 1 mA. The removable sample charger of the instrument accommodates
12 samples at a time. Selection of filters, tube voltage, filters, current and sample position are fully controlled by computer.

The elliptical beam spot area instrument is 81.7 mm?. The instrument has features of Multi channel Analyser (MCA) test,
standardless determination, and Gain correction. The beam stop is in the reference position the Gain correction could be
performed. The beam spot contains a reference sample (an alloy of aluminium and copper). Copper is used for gain correction.
Cu along with Al could be used for instrument energy calibration. The standard stream (GBW 7305) sediment was used as
reference material for standardizing the instrument and the values are presented in Table 3 of site numbers 2,5.

Concentrations of elements of interest Na, Mg, Al Si, K, Ca, Fe, Cu, C, O in Bodamalai Hills using EDX are reported in
Table 3. From EDX analysis the abundant amount of Si, Al, Mg, Fe, K, Ca and Na was found and it supports the vibrational
spectroscopic findings; the presence of Quartz, Iron oxides (Hematite), Alumino silicates and Feldspar. The size of the powdered
rock samples size around 60-70 mm is shown in Figure 7.

Table 3. The percentage of Minerals in Site No 02 and 05

Element Site Number 02 Site Number 05
Weight% Atomic% Weight% Atomic%

C 26.29 35.64 7.7 11.93

O 50.03 50.91 54.75 63.69

Na 1.87 1.32 2.32 1.88

Mg 0.18 0.12 - -

Continued on next page
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Table 3 continued

Al 4.24 2.56 5.46 3.76
Si 14.59 8.46 25.75 17.06
K 0.45 0.19 0.89 0.43
Ca 1.09 0.44 1.59 0.74
Fe 1.12 0.33 1.54 0.51
Cu 0.14 0.04 - -
Totals 100 100

Ful Scale 13662 cts Cursor 0.000 A Ful Scake 13562 cis Cursor: 0,000

Fig 6. EDX of Site No 02 and 05

Spectrum 1

Fig 7. SEM image of Bodahills powered samples - Site No 2, 5

The micrograph from Figure 7 shows clayey particles from irregularly contoured blocks and some aggregate clusters due to
other minerals. These characteristics of kaolinite are poorly crystallized !*). From EDX analysis Aluminium presents 4.2% and
5.46% in site numbers 2 and 5 due availability of Kaolinite and Feldspar. Magnesium (Mg) presented in 0.18%, Copper (Cu) in
0.14% available in site number 02. Silicon (Si) presents a maximum of 25.75% and 14.59% in site numbers 5 and 2 respectively.
1.12% and 1.54% of Iron minerals show their presence in rock samples. Sodium (Na) shows the percentage of weight is 1.87%
and 2.32%. Carbon occupies the weight among the samples at 26.29% and 7.7% along with Atomic percentages 35.64% and
11.93% in site numbers 2 and 5 respectively. Among all elements, Oxygen (O) plays a vital role in two site numbers, 50.03% and
54.75% of weight in rock materials due to it being part of almost all the minerals such as Quartz, Calcite, Cristobalite, Gibbsite,
Goethite, etc.
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Natural Radioactivity Measurement

Table 4. Natural Radioactivity of Bodamalai hills from site number (1 - 10)
S.Id “K(Bq/kg) 2¥U (Bq/kg) 232Th (Bq/kg)

B1 243.0425.9 BDL BDL
B2 182.9426.1 BDL BDL
B3 141.3+22.3 BDL BDL
B4 216.5+24.7 BDL BDL
B5 210.6+27.2 BDL BDL
B6 209.1+23.6 BDL BDL
B7 58.8+21.1 BDL BDL
B8 264.1426.2 BDL BDL
B9 222.1423.5 BDL BDL
B 10 198.24-23.8 BDL BDL

BDL=Below Detection Limit <MDA

MDA=Minimum Detection Activity levels are given below
40K-6.1 Bq/kg; 2*8U-1.2 Bq/kg; *2Th -1.8 Bq/kg

Studies carried out in IGCAR, Chennai

The Bodamalai hills show the ionizing radiation present only due to “°K. The minimum radiation is 58.84-21.1 Bq kg! at site
number 7 and the maximum is 264.14-26.2 at site number 8. The variation of radioactive radiations randomly formed in these
Hills. The #*Th and ***U radiations are below the detection level. It shows their no harmful radiation for living organisms. The
radiation levels are tabulated in Table 4.

4 Conclusion

Using FTIR techniques the Rock sediments of Bodamalai hills were carried out, 19 minerals were identified and tabulated
with their respective wave number, the crystallinity index and nature of crystallinity were tabulated and graphs were plotted
and the Extinction coefficient of Quartz, Feldspar, and Kaolinite are also calculated and tabulated. For confirmation of minerals
identification, the samples have undergone the studies of XRD, from this analysis minerals such as Burnswigite, Organic Carbon,
Gibbsite, Quartz, Aragonite, Sepiolite, Calcite, Cristobalite, Hectorite, Kaolinite, Montmorillonite, Hallyosite, Nacrite, Goethite,
Microcline Feldspar, Megnetite, Hematite and Pyrophyllite are confirmed. From XRD studies “5” additional minerals were
identified.

The Graph and Table of contents of XRD have been given. From the above experiment analysis, we inferred that Quartz,
Kaolinite, Calcite, and Aragonite are in Crystalline form and other minerals are in a non-crystalline form which is also
confirmed in XRD studies. However, the disordered nature of crystals was found using the crystallinity index in rock samples.
The Nature of Crystallinity lies between 1.066 to 1.444, with mean value of 1.209. The Nature of crystallinity is not uniformly
neither decreased nor increased, the results showed in a random manner from top to bottom of the Bodamalai Hills. Among
these minerals, Quartz showed a large number of peaks in diffractograms. This indicates that Quartz is the most abundant
mineral in the sediment samples.

Natural Radioactive studies showed the radiation occurs due to “°K ionizing radiation lies between 58.8+21.1 Bq/kg and
264.1+26.2 Bq/kg with mean value 194.6+-24.44 Bq/kg. The radioactive elements **Th and ***U are found below the detection
level. So, their no harmful radiation in Bodamalai hills in studied places.

FTIR, XRD and EDX with SEM combined technique gives the information for the minerals and elemental composition in
rocks and their formation. Some of the minerals observed through FTIR analysis are not identified in the XRD study which
indicates its loss of crystalline nature.
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