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ABSTRACT

Fourier transforminfrared (FTIR) spectroscopic technique was used to characterise the mineralsin the charnockite
rock samples from Kalrayan Hills, South India. Sixty-five rock samples were collected at various locations in
Kalrayan Hills. Sixteen minerals such as quartz, feldspar in different structures (orthoclase, microcline and albite),
hematite, kaolinite, maghemite, magnetite, gibbsite, illite, calcite, aragonite, montmorillonite, palygorskite, biotite
and organic carbon were identified and characterised. Among these quartz, microcline feldspar, orthoclase feldspar
and hematite are considered as major minerals and others are minor minerals. The relative distribution of major
minerals was determined by cal culating extinction co - efficient.

Keywords: FTIR, Kalrayan hills, minerals and extinction dieént.

INTRODUCTION

Infrared spectroscopy has been extensively usetttailed investigations of molecular structure asddiagnostic

tool since every spices for which the molecular iototcauses a change in dipole moment has a spectrum
characteristic of its own structure. Although imé&d techniques are most commonly developed foritgtiae
studies, careful examination of intensities leada most useful tool for quantitative analysis adl[d]. Using the
infrared spectra, unique information about the grafi minerals to which the specimen belongs, thgreke of
crystalline and non-crystalline impurities and téats of minerals with chemicals in their environthean also be
inferred. For mineral analysis IR in the range 60@400crit is of importance [2]. FTIR techniques are most
powerful tool in rock and soil mineralogy. Alsojstused by mineralogist and sedimentary pathdiegisthe aspect

of mineralogical applications.

In India, Hills areas are increasingly being used rhining, recreation, forestation, building andadotraction
materials and agriculture. The charnockite grougksare extensively developed in the north - easgtector of the
Tamilnadu in India [3]. The main scope of the pressudy is to characterize the minerals presenbék samples
from Kalrayan hills, south India and calculate thkative distribution of major minerals using FTi€chnique.
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MATERIALS AND METHODS

Study area

The Kalrayan is one of the major hill ranges oftEasGhats situated to the north east of Tamiln#dies between
11° 20’ to 12° 05’ N latitude and 78° 28’ to 79" ®longitude (Figure 1). It spreads over an area@95 Sq.km.
and is endowed with rich natural resources. Thestzmn types of Kalrayans are scrub jungles afudke 400m,
deciduous forests between 800 to 1300m and shbtie aheltered pockets on the plateau.

Sample collection and preparation

Sixty five rock samples were collected from diff@rdocations of the study region. The sample |arativere
recorded in terms of degree - minute — decimaldit(idinal and Longitudinal position) using Hand-theGlobal
Positioning System (GPS) (Model: GARMIN GPS-12)tuliach location is separated by a distance ofkbi6
approximately and is numbered ag®&S;s. The procedure adopted by Ramasamy et al. (J@12)as followed for
the collection.

Sample preparation

All the collected samples were subjected to varjgnesreatment in order to remove organic mattercarthin other
materials for improving the quality and for res@uat of the spectra. The KBr pellet technique wasdum the
present investigation. All chemicals used werepgfcsroscopic grade.

Materials required for KBr pressed-pellet method potassium bromide (KBr), acetone, die for makpetjets,
laboratory hydraulic press for creating pressuretmnconfined sample, small hand agate mortar astlgpand
mechanical vacuum pump. Wet grinding was carriedbyuplacing 30 to 50 mg of the sample in an agabetar
along with 20 to 25 drops of ethanol. The grounchglas were dried in an hot air oven at 110°C toaemthe
moisture content. Using the KBr pellet techniquactegrain sized sample was mixed with KBr at vagicatios
viz., 1:10, 1:20, 1:30, 1:40 and 1:50. The mixtw@s then pressed into a transparent disc in aruabée dye at
sufficiently high pressure. The samples in theoratB0 (sample: KBr) was taken for further analysiace it gives
rise to maximum transmittance and observable pgdk$his ratio was checked for 2 to 3 times faraccuracy.

Instrument used and Procedure

Using the Perkin Elmer RX1 FTIR spectrometer, thigared spectra for all rock samples were recoridethe
region 4000-400 cthat room temperature. It scans the spectra 100 timels minute. The resolution of the
instrument is 0.001cthand the accuracy is +4 €mAt each and every time, this instrument was café for its
accuracy with the spectrum of a standard polystyfém.

RESULTS AND DISCUSSION

The FTIR spectra for all the collected samples wemdrded. The observed wave numbers are analymbdha
minerals are assigned using available literatu¢dd-23] ). The observed wave numbers from all $pectra are
given in the table 1 along with their correspondinigeral names.

The minerals such as quartz, feldspar in diffestnicture (orthoclase, microcline and albite), hét@akKaolinite,
maghemite, magnetite, gibbsite, illite, calciteagnite, montmorillonite, palygorskite, biotite aaranic carbon
are identified. The various bands in the region0308800 crit are all due to OH stretching and in the region01:60
1700 cnt are due to OH bending modes of water or hydroXyts additional features are observed in this region
The bands in the region 1420 - 1460 care due to the presence of carbonate mineralsvatigions in the values
of OH stretching and bending wave numbers from $artgpsample are usually attributed to the vangtrgngth of
hydrogen bonding between OH andlHmolecules and some oxygen in the structure. Tasept results with few
exceptions are in fairly good agreement with theogbtion maxima in the recorded survey of silicaten-silicate
and carbonate minerals by Stubican and Roy, (1961848-9] ) , Farmer and Russell, (1964) [10], Reamy et
al., (2010) [5] and Russell et al., (1970) [11].

Quartz

The silicate minerals are of primary concern beeafstheir relative abundance and importance. Quart non-
clay mineral, which is common and invariably preserall the samples. The Si-O bonds are the s#snigonds in
the silicate structure and can be readily recoghinehe infrared spectra of such minerals by \&rgng bands in
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the region 900 to 1100 chystretching) as well as less intense bands iMéteto 800 cri region (bending). The
presence of quartz in the samples can be ascripéuelobservation of the peaks in the ranges 4882-and 510 -
514 cm'due to Si-O asymmetrical bending vibrations, 6835 cm' due to Si-O symmetrical bending vibrations
and 777 - 779 and 794 - 796 true to Si-O symmetrical stretching vibrations, letihe 1080-1084 and 1160-
1164 cmi absorption region arises from Si-O symmetricaétstiing vibrations due to low Al for Si substitutio
These assignments are in good agreement with thengdiion on the quartz mineral obtained by Hlagawl.
(1978) [13]. With the view of Keller and Pickett949) [24] , the observed absorption peaks in tingea 1610-
1614 and 1870-1875 chindicate the presence of quartz weathered fronametphic origin.

Feldspar

Feldspar group of minerals are also frequent cluestts in rocks. These are of several types hadliffgrent
compositions such as orthoclase, microcline aniealbhese three feldspars such as orthoclase @&rdatine are
having the same chemical formula (KAISi gOthey differ in structure (orthoclase — monodinmicrocline —
triclinic). The FTIR spectra are sensitive bothstouctural and compositional variations in the méate The peak
pertaining in the range 585-588 ¢rdue to O-Si-(Al)-O bending vibration in all thensples indicates the presence
of microcline feldspar. The peak in the range 638-6ni* due to Al-O coordination vibration indicates theggnce
of orthoclase feldspar in all sites. AccordingBahat (1970) [25], the observation of the peakhim tange 537-540
cm?t (S4, S0, S11 @nd Qg) indicates the presence of albite (NaAlSig3Na- feldspar) mineral [14].

Clay minerals

The presence of the band at around 3398-340bismue to the kaolinite clay mineral ([14] and 2@ he intensity
of the bands varies from sample to sample indiddiegjuantity. The observations made in the presteity show
the broad absorption band at around 3398 i$ due to OH-stretching vibration of water in the lkaite structure.
For montmorillonite, a peak in the range 875-878cim observed in § Sy, S and $s samples. The three pure
kaolinite polymorphs, kaolinite, dicktite and naerican be readily distinguished by differences asifon and
relative intensity of their OH-stretching bands]j14

A striking feature of palygorskite is the compleature of absorption band in stretching and bendagipn of water
molecule. It displays pattern of bands originatimgpound molecular water directly coordinated tooAIMg ions at
edges of the 2:1 ribbon layer in the range 1628&68 and unbound zeolite water molecules within thencleis
in the range 1676-1680¢hj27]. In the present study, a peak in the rarjg611680 cnt is observed in four sites

such as &, S0, S5 and s,

Carbonate minerals

The mid infrared region (1400-1500&)nof the spectra is dominated by the vibrationademof carbonate ions.
According to Adler and Kerr (1962) [28], calcitemaral predominates in an aggregate the peak apipeius range
1423cmt. Broadening of the absorption peak in the 14236¢4¥ region to include both the aragonite and calcite
band positions appears also to be related to imeth of the two minerals. But calcite is the masimmon
carbonate mineral in natural samples. From thetent® of a diagnostic peak in 1425tni is easily recognized
that the calcite is present in following samplesSss, Se S0 1. Ses 7 4 @and s Similarly, the appearance of
a peak in the range 1784-1789tmay be due to the presence of another carbonaterahiaragonite in five

samples such asS S, Sie Sss and Ss.

Biotite

The peak present in following site numbegs 8, S, Sio, Si2, Sia: Sier Sis - S00 30 S0 1 20 Susy Susy S S,
Sso, Soand $,0bserved at 724 chncompared with the literature indicates the presafdiotite ([14] and [6]). The
characteristic absorption peak observed at 724 agnees with the peak at 728 to 720" @hserved by Ghosh et al.
(1978) [29] for biotite.

At 500C to 700C the biotite lattice has to longer thermodynanhjcakable. In the symmetry of crystal, the
tetrahedral is more stable than the octahedratdagelow thermal impact. Hence it is more probabléelieve that
the inter sheet and octahedral layers are frequel@tomposed then the tetrahedral layers. Howevieen the
temperature becomes higher, Si-O bonds in thehidral layers will begin to brake. The bending atlims of Si-
O - Si in the tetrahedral symmetry becomes indicanit and the Si-O bond force is unable to withdtde impact
of thermal energy.
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Magnetic Minerals

According to Fysh and Fredricks (1983) [30], heteati-F&05) is the most abundant forms of the iron containing
species found in rocks and sediments. The ionitacement of Fe has been widely reported ([31], @af [33])
and a variety of techniques have been employetidoacterize such substituted minerals ([34] an§)[35

According to Russell (1987) [14], the appearancéhefnarrow shoulder near 754¢rm the samples of sites no.
Sio, S, S0, S, S0, S5z and $s show the presence of illite. The present of wezsogption bonds at 570-575¢m
exhibits the presence of magnetite in the spedtidasosamples of sites nos, S, Sio, Sis Sis - S0 3 Ser 1, Sz,
Ss6: Soand Qo

The formation of new stable phases may also bectegeo be dependent on the mobility of the ionsmnfng the
daughter minerals, the energy nucleation etc, h8muclei produced by small octahedral ions liké',Rdg®, AI**
and O? are formed much easier than the nuclei formechbycomparatively large SiQetrahedral. Therefore, the
magnetic crystallises at lower temperature andhatter periods of time than those for the crystation of silicates.
During the ejection and downfall of the crater miale the temperature would be generally quencloedgidly to
600C to 700C [36]. This temperature and rapid cooling willos¥l the magnetite to crystallise. At the same time,
SiO,, tetrahedral will not attain a crystalline statefprmed in an amorphous silicate phase.

Other minerals

According to Russell (1987) [14], the trihydraterainium mineral gibbsite is identified by the obssion of the
peaks in the range 667-670 and 962-965cAppearing peaks at 2854 and 2924cm all the samples show the
presence of organic carbon [4].

Relative Distribution of Quartz, Microcline and Ort hoclase Feldspar and Hematite

From the above analysis, it is observed that theerais such as quartz, microcline feldspar, ortsefeldspar and
hematite are invariably present and are considasethajor minerals. Therefore, in the present sttity author is
interested to study the relative distribution ofigm, microcline and orthoclase feldspar and hamatihe relative
distribution can be quantified by calculating thetimction co-efficient for the characteristic peakf quartz,
microcline and orthoclase feldspar and hematisr@ind 777, 587, 637 and 538 tmespectively for all sites using
the formula ([27] and [5]).

K=DA/m

Where K is the extinction co-efficient, A is thesarof the pellet and m is the mass of the pelles e optical
density; it can be calculated using the relation

D =log (ly/1)
Where } is the intensity of incident radiation and | igtintensity of transmitted radiation.

The extinction co-efficient values for quartz, naicline feldspar, orthoclase feldspar and hematiecalculated
and the values are tabulated in table 2. From ihis,observed that these minerals are distribugediomly. The
maximum extinction co-efficient values of quartzicrocline and orthoclase feldspar and hematite 24r2.31,
130.77, 84.78, and 93.59 in the site RR.S», S and $, respectively. Similarly, the minimum extinction co-
efficient value for quartz, microcline and orthadaeldspar and hematite are 3.71, 11.89, 1.17Ldidin the site
no.Se, Sz, Spand 34 respectively. With these upper and lower limitghef above minerals, the other sites may be
arranged in an order quantitatively. In overallwjgehe amount of hematite is lesser than feldspdr\aery much
lesser than quartz in all the sites which are Vigiradicated in the figure 2.
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Table 1: The observed absorption wave numbers andoesponding minerals from FTIR spectra of Charnockte rocks, Kalrayan hills,

India
SI.No. Nan_1e of the Site number Observed wa_\lle numbers (cm
minerals
S1-Sag, S31-Ss2,S54-Ses 46(C-462
54,514,524 S7, S0, S, S5, S7, Spo .
Sa1, Suz, Sua, Sug, So3, Ss-Sss and & 510-514
Si-Si8, S0-S23, S57S20, S1-Sa5, S7-Sss, )
SigSis,Sir-Sse, S Ses 693695
Si-Ss 777-779
1 uartz
Q S 525 So20 Sios S S 0801064
S45—52, S}A—SE, Sﬂ— SGS‘
Sa4, Su2,Ssa aNd e 1160-1164
23,584, S37, S8, Sue, S54. Sss and $ 1610-1614
S13,S14, S0, S3, So70 S0, Saay a7y i3, Sis,
1870-1875
Si7, Si8.Ss0 S2, Ser Sse- Ses
Si, S9 S and S 516-518
2 Palygorskite Si13, So1, Sag, Sa0, Ss6aNC Syy 162€-163(
Sia, Szo, Szs andSs: 1676— 168(
3 Hematite Si. Ses 537-540
. S2ar S30: S o556 630-634
4 Magnetite
9 S, S Siz Sie Sie200 S S0, S Sz Sser Sse @and K 572
5 Maghemite S Sie. S0 Sz Sssand G 723-728
6 Microcline Feldspar SSs 585-588
Orthoclase Feldspar| 1. S5 636-638
I Si. S5 667-670
8 Gibbsite
o So0. S S, 9. oo, S Swand 962-965
— Sie 789
9 Montmorillonite S S, Sz and e 875 -878
10 Biotite S, S S Sio S Sz Stee Sls,zoa%é%m S1, 2,55 Sise S0 3 S0,S50 720 -724
2
S $.S5- Sis S3, S5- S0 So1- S5, S8, Sus
Su7- S52,S57- See:Seo- See 1012-1016
Sie S 1036-1038
s Sz Sier S S2 Ssnand Ss 3418-3421
11 Kaolinite S1,Se and S- 3398-3402
Sor, Soor Sesr Sser Sz and e 3652-3656
Sio, S7, S, &sés%asysasu, Sis, S0, Ssa 3692-3696
12 Albite S, S, Sy and Se 1008-1112
13 Calcite 8 Si3 S Ssor S Sesy Sery Ssa @nd $s 1423-1427
14 Aragonite &, Si2, Sier S S5 1784-1789
15 lllite Sis, S4, S0, e, e, Sz and Ss 752 -756
. S-S5 2854-2857
16 Organic carbon S, S 5924-2928
Table 2: Extinction-Coefficient for major miners of Charnockite rocks, Kalrayan hills, India
Extinction-Coefficient
Site No. Location Quartz Microcline feldspar Orthoclase Hematite
feldspar
S Vandagappadi 35.97 25.31 14.86 7.20
S Torangur 37.54 25.49 77.44 8.54
S Varam 39.61 27.49 8.38 7.49
S, Kattivalayu 43.73 38.41 13.64 21.67
Ss Upput 139.3( 89.07 36.8¢ 45.8(
Se Arampund 140.7( 87.9¢ 13.0C 44.8¢
S Vanniyur 143.80 91.76 34.50 9.51
S Kottaputhur 143.69 86.83 38.96 8.41
S Kandikkollai 159.16 94.61 30.74 12.05
Sic Valappadi 164.46 127.36 17.09 30.25
Sy Pudur 159.52 122.05 48.49 30.74
Siz Vellimalai 171.01 130.77 45.03 29.40
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Siz Moypatti 157.04 126.26 50.81 30.28
S Kariyalur 69.35 50.52 23.08 23.24
Sis Allathi 66.25 50.04 20.89 19.04
Sie Mavadippatt 124.9¢ 96.0¢ 40.67 44.3¢
Sir Mattaiyanur 126.42 99.41 45.33 42.01
Sie Velarikkadu 130.77 93.73 42.57 42.31
Sie Erukkambatti 52.72 38.96 55.27 76.53
Sy Ennadu 179.05 99.76 19.65 93.59
S Vandagappadi 52.09 32.76 35.27 41.03
S Torangu 55.6¢ 36.0( 39.4( 45.0¢
S Varam 118.24 80.66 48.84 39.23
S Kattivalayu 6.26 21.13 80.02 32.48
S Uppur 4.80 24.87 24.21 33.10
Sk Arampundi 3.71 23.14 32.94 30.35
Sy Vanniyur 141.70 88.87 45.32 29.61
S Kottaputhur 143.14 93.82 45.80 32.69
S Kandikkollai 102.53 70.78 35.51 19.94
Ssc Valappadi 6.06 28.73 26.36 29.84
Sz Pudur 96.14 77.89 30.25 34.33
S Vellimalai 98.13 77.28 34.76 34.79
S Moypatti 25.47 11.89 80.11 8.48
Sas Kariyalur 88.18 13.42 9.55 9.51
Sss Allathi 64.17 40.59 28.16 19.96
Sse Nakavalayu 6.22 19.42 22.33 35.55
S Meladukuli 21231 104.09 43.50 13.46
Sas Aravangadu 77.31 45.03 26.44 21.37
Sse Maniyarpalaiyam 18.31 27.49 84.78 19.23
Sye Kiladukuli 96.20 91.10 54.84 16.80
Su Kulipuli 95.72 50.66 21.72 22.63
Sy; Melnilayur 120.26 19.65 30.20 24.29
Syz Kilnilayur 185.56 66.39 32.55 8.67
Sug Vengadu 11.94 20.10 21.72 29.61
Sye Vilvathi 174.79 97.69 46.57 38.28
Sae Kannur 166.02 91.20 14.33 11.05
Sy Perumalnattam 71.44 45.99 19.04 20.51
Sue Kilakkadu 124.67 72.80 37.57 40.53
Sie Kallippadi 77.31 44.14 21.07 20.24
Ssc Kattuvalayu 121.22 94.50 56.40 41.37
S Gudaram 115.84 95.19 64.60 46.89
S Alanur 114.85 74.16 28.77 20.79
Ss: Thakampatt 7.84 26.5¢ 22.3: 32.9¢
S Cheriyapattu 183.80 30.51 1.17 1.17
Ss: Kurumbalur 74.23 29.18 2.29 4.83
Sse Thaduthapalayam 5.49 29.83 3.46 24.56
S Mulakkadu 86.49 52.01 23.55 22.63
Sse Maankompu 95.64 51.04 29.61 24.61
Ssc Valakkuli 161.1: 81.8¢ 41.9( 42.8i
Ssc Vanjikkuli 136.87 102.36 46.57 45.99
Ss1 Serkkalur 66.52 57.85 29.61 25.12
Ss: Perumbular 117.88 72.48 39.89 35.03
Ss: Pachche 119.8: 71.5¢ 41.0( 31.9¢
Ss4 Pudupalapat 115.07 77.2¢ 14.81 32.8¢
Sz Kallippattu 115.84 85.48 47.16 31.87
Average 97.97 63.87 34.52 28.54
Maximum 212.31 130.77 84.78 93.59
Minimum 3.71 11.89 1.17 1.17
10

Scholars Research Library




P. Rajeshet al

Arch. Phy. Res., 2013, 4 (4):5-13

12°02

Study
Area

11°46+

* - represents successive sampling sites

KALRAYAN HILLS

S55e
S54@

853

S4ge H
. S47e 561
549 @550

Sdce
S43e

8552

856 L]
551 857
L

S55@

S50 @
S45@ 859

562
S44@

963®

o538 Sﬁ? S40® 5420
S37. S41@ $358
0536

5320

52
o531 S4. L

o530
s290 3

825 83 @
I8 e 5279 e 526

o522
o514 e

L]
s21
S0 @

0523

° ° sl2e

15 Sl4 . .

e SlO SI3
L
o519 SI6 o

Sl §17

0 10

1
20km

78°35

2543 78°51

Figure 1 Location of Kalrayan hills with their experimental sites in Tamilnadu

Scholars Research Library

11



P. Rajeshet al Arch. Phy. Res., 2013, 4 (4):5-13

250.00 100.00
I EX.Q Ex. MF Ex. OF Ex.H
1 90.00
200.00+ 1 80.00
-
c
o 1 70.00
Q
=
(O]
. 15000 1 60.00
@]
o
s 1 50.00
= Al
k= , ‘ / | , !
£ 100001 ‘ : \ | ; il Tl 2000
w .l ’ {
[ D \ '
e / \ f ‘ -+ 30.00
‘ ‘ ! )
(I{f: [ ; i
5000+ \ 3 ! : | 1 20.00
I I‘ ‘ ‘ 1 10.00
|l 1L ”
e PR R E PR EE PR REND JJNJ 0.00

1
NODOAD N O A OO AN DN No) %) A A N D H
D P P G PN NN NP PN P D PE B PR PP PP L PP S

Site number

Figure 2 Extinction Coefficient of major minerals (Quartz, Microcline Feldspar, Orthoclase Feldspar ad Hematite) of all sites

CONCLUSION

From the FTIR analysis, sixteen minerals such astgufeldspar in different structure (orthoclasggrocline and
albite), hematite, kaolinite, maghemite, magnetiibpsite, illite, calcite, aragonite, montmorillan palygorskite,
biotite and organic carbon are identified from ttiearnockite rocksof Kalrayan hills. All the minerals are
characterized. Among all these minerals, quartinvsriably present in all the samples. The originqoartz is
determined using the characteristic peaks 1610414 The obtained result show the presence of quarthe
Kalrayan hills is from metamorphic origin. From tlgalculated extinction co-efficient values, the amio of
hematite is lesser than feldspar and very mucletehgan quartz in all the sites.
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