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ABSTRACT

Beach rock has only rarely been observed in the coasts. It is a hard costal sedimentary formations consisting of
various beach sediments, lithified through the precipitation of carbonate cements. One such formation is noted on
the South East Coast of Tamilnadu, India. The objective of this contribution isto collect and review information on
reported occurrences, characteristics and formation mechanism of beach rocks and applying the spectroscopic
techniques for beach rock formation and evolution. The FT-IR and XRD technique is used to identify the constituent
of minerals and cementing materials of the beach rocks. The instrumental neutron activation analysis (INAA) is used
to determine the elemental geochemistry of the beach rocks. Results are discussed and the conclusions are drawn.
The combined spectroscopic techniques are used to throw light on the nature and cause of cementation.
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INTRODUCTION

Earth’s crust is made up of various types of rdckige areas of the earth are covered with soilt Bil itself is a
mixture of tiny rock fragments, decayed organic teratwater and air. Rocks are the largest accumalatf
minerals cemented together and hence generallyratineonstitute the crust of the earth. Some ofelkenents of
the earth’s crust rarely occur individually in naubut are generally found in chemical compositiath some
other elements in the form of compounds. In théhésacrust the rocks can be classified, in genénsd, three types,
according to their origin viz.,(1) Igneous, (2) Metorphic and (3) Sedimentary. Igneous rocks amaddrby the
hardening of magma, i.e., molten masses risingecstirface from the entrails of the earth. Metariarpocks are
formed from the subjection of pre-existing rocks ittense pressure and temperature, which promotes
recrystallization and because of recrystallizatienv rock is produced with new texture and perhdgs with new
mineral composition. The sedimentary rocks origirfabm detrital material and dissolved mineral mafroduced
due to decomposition of pre-exciting rocks and &sm the degrading remains of plants and animals.

Beach rock comes under the classification of sedfarg rocks.Beach rock, most commonly appearintagered
deposit inclined towards the sea, is a sedimerftargation indurated by the effects of carbonate e&aragonite
or magnesium calcite initially-formed in the intdel zone. Beach rock or beach sandstone condisteach sand
cemented together by calcium carbonate to fornblEig#o well-cemented rock. Beach rock forms moshiwmnly
on beaches composed of calcareous shell and aaiakgbut it can also develop in beaches of qusatad or other
mineral composition.It forms best on sand beackhis)gle or conglomeratic beach rock is less abundéme
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natural factor of the beach, such as gentle sldpéhe foreshore, sufficient shell content and gebumater
temperature have also favoured the formation otlveacks. Essential to beach rock developmentdsirgt water
with enough calcium to provide cementing agent. dbeurrence, cementation and formation of the beack is
outlined below.

1.1. Occurrence

Beach rock is generally limited to tropical and tsapical climates, though not every tropical behels beach rock
[1-3]. Beach rock has also been reported from teatperegions, but such occurrences are rare. Fampgbe,

Binkley and Wilkinson [4] describe beach rock frabme Lake, Michigan. Furthermore, there appearsean®

connection with rainfall as beach rock has beemdoin arid (Arabia) and humid (Pacific and Caribijeeegions

[4-5]. Beach rock also shows no obvious preferdaceither a high-or low-energy beach environméit [

The constituents of beach rock are generally simdathe surrounding unconsolidated beach matgsi&l]. The
sediment is generally carbonate [7] although beack with constituents of volcanic origin has beeported from
Hawaii [10-11]. Purely silt-or clay-size beach recke not known [3].

1.2. Cementation

Beach deposits along many coasts are cementedeitlittr aragonite or calcite. Cementation is assutodtave
occurred in situ or beneath thin sediment cover{&rbonate cement is formed in the intertidal zoféhe world’s
tropical and sub tropical beaches [12]. Cementedclberock from Mediterranean[6], the Red sedl3],
Venezuela[14], and South Africa [15] has been stiidind reviewed. Russell [1] reviewed several sgidn beach
rocks and their cementation.

Lithification of beach rock can occur very rapidguen within just a few years [5-6, 9, 16-17]. Hoae the length
of time during which precipitation occurs is notokin, or whether the cement forms by slow continugnasvth at
levels of moderate super saturation, or sporagilitimes of favorable conditions. Although allalbk rocks are
cemented by calcium carbonate [7].

Beach rock cements are commonly composed of ar@gonhigh-magnesian calcite or calcite, which@mesistent
with carbonate precipitation in a marine or, asteaaline environment.All theories of beach rogknfation have
one thing in common: cementation must take pla¢kimthe intertidal zone.

1.3. Formation

Studies of the beach rock from other localities destrate that the usual cement in such rock isomitey calcite or

high magnesium calcite or all of them. The occureeaf beach rock formation is a result of dire@qgpitation of

calcite and/or aragonite from solution within theabh rock. Cementation occurs in two stages; atmalini
cryptocrystalline high-Mg calcite rim first coatsains, followed by the growth of fibrous carbonégenerally high

Mg calcite or aragonite) commonly as isopachoudimgaaround the framework grains. The presenceuchs
cementing agents in most beach rock suggestshtbaetment was formed in contact with seawater, @dsein fresh
water the low concentration of Mg ions favours fation of low Mg calcite [18].

The second possible water controlled driving meidmnof the aragonite-to-calcite transformation vhiis
freshwater-seawater mixing is as follows. The nuxiof water is saturated or supersaturated with eesgo
calcium carbonate at differing GOpressures, temperatures to calcium carbonate ansl promotes
dissolution [19-22]. In general, beach rock ocdursropical and subtropical beaches as layers oferged beach
sediments and occupies a position within intertadad low supratidal zone.

Based on the above discussion, a detailed examintirequired to understand the process of cerientaf the
beach rocks in the marine environment. The preserit aims to identify the cementing material foe theach rock
formation using spectroscopic techniques.

MATERIALS AND METHODS

2.1. Sample collection and preparation

Beach rock samples were collected from 15 sammites, stretching from Rameshwaram to Kanyakumariga
the South East Coast of Tamilnadu (Fig 1). Froensgampling sites, approximately 1 kg sample wasrtdkom the
same rock and collected in a plastic bag. All thegles were brought to the laboratory, cleanedthveead surface
removed and the remaining fresh materials crushem small pieces. These samples are powdered agjate
mortar and dried for 24 hrs at a temperature ofCl&nd then pulverized to particle sizes mgeater than
2mm mesh screen.
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2.2. FT-IR Analysis:

The major and minor minerals are qualitatively deiaed by using FT-IR. Sample of 2 mg is mixed withmg of

spectroscopic KBr in the ratio 1:20 using a mogad pestle. The Nicolet Avator 360 series FT-IRAahamalai

University, Annamalainagar, Tamilnadu, India wagdisThe FT-IR spectra were taken in 4000-408cithe

instrument scanned the spectra 16 times in 1 miantethe resolution was 5¢mA typical FT-IR spectrum is
shown in Fig-2.

2.3. XRD Analysis:

XRD patterns of beach rock powder samples wererdecbat room temperature by X-ray diffractromef@s@o,
Siemens) having a curved graphite crystal diffrdateonochromator, with a source of ®w ray and Nal(TI)
scintillation detector from Material Chemistry Dsion, Chemical groups, Indira Gandhi Centre for mi
Research (IGCAR), Kalpakkam, Tamil Nadu, India.anow slit of 0.1mm was used with a scanning speed2°
per minute and time constant of two seconds. Tffeadtion patterns were obtained over ttgevalues in 20-8C.
A typical XRD spectrum is shown in Fig-3.

2.4. INAA Analysis

2.4.1. Sample irradiation and counting

Irradiations were performed in thermal neutron fafix10"cm?s™® using pneumatic transport facility 6(AMINI
research reactor, Indria Gandhi Centre for Atoméséarch (IGCAR), Kalpakkam, Tamilnadu, India. Watkiew
to assay the short and long-lived radionuclides, $ets of irradiation, 5 min and 5 h were perforndte samples
of 5-min irradiation were counted for 100 to 30@&m@10-min cooling for the determination Bfl, Mg, *°Ca,
*1Ti and*% and a cooling of 200-300 min for analyzifgDy, *®*Mn and?Na. The samples of 5-h irradiations to
determine the medium and long-lived radionuclidés, (**Cr, **Fe, ®°Co, *zr, 1*%a, **'Ce, ***Eu ***Sm,*"®Yb and
18144f) were counted for 10,000-30,000 s after a captime of 2, 4 to7 and 35 to 50 days.

2.4.2. Radioactive assay

After irradiation the polypropylene tubes contagthe sample and the gold as the standard for igat@re analysis
were washed under running water, wiped and mouatedtandard Perspex plates. Samples were assaygd fo
activity of the activation products using an 80°cHPGe detector coupled to a PC based 4K analyzemin
efficiency calibrated position with reproduciblergale to detector geometry. The sample to detedttante was
maintained at 12-15 cm depending upon the levelktfity to avoid true coincidences effects. Théedtor system
had a resolution of 1.8 keV at 1332 keV. The atiigi of radionuclides were considered as a funatibtime to
ensure purity and identity. Gamma-ray standard®@u was used for efficiency calibration of the detecat
different distances between the sample and detectstable source to detector geometry.

2.4.3. Calculations

Peak areas corresponding to different photo pestes, subtracting the linear Compton backgroundeveanverted
to specific count rateAg,) by Asp=P. /SDCW, where P,=peak areaS=saturation factorC=counting correction,
D=decay correction, and/=weight of the sample.

The concentration of thdielement (inug/g) was calculated by Cona&l/(A* s Kana)l, Where Ag=specific count
rate corrected per gram of the sampMsp=specific count rate of”°Au, and Kuna = Ko [(f+Qo (@))/(f+*Q
(a)]- (&), wheref is the detection efficiency of the detector fog firay energy used,is the sub-cadmium to epi-
cadmium neutron flux ratio, anQq(a) is the ratio of cross sections and is equalyfa)/ay,, wherelg(a) is the
infinitely dilute resonance integral corrected floe non-ideal epithermal neutron flux distributidalidation for the
experimental setup was done by irradiating the &ehReference Material (SRM 1646a estuarine sedjrar the
same period of time with comparator and the samplthe same location of the reactor (Table-1). BRM
analysis agreed well with the certified values.

RESULTS AND DISCUSSION

3.1. FT-IR Analysis

The i.r.absorptionpeaks were compared (Table 2) with available litesg the minerals identified as quartz,
orthoclase, albite, kaolinite, montmorllinite, tdlj calcite, aragonite, dolomite, ilmenite andleut23-25].. The large
number peaks of calcite in the i.r. spectrum iniche abundance of calcite in the samples anayt e due to the
typical beach rock formation. Beach deposits alamny coasts were cemented with either aragoniteatmite
because some of these “beach rock” derive theireogdtom seawater. Seawater is several times safpeased
with respect to calcite and aragonite and alsetiié source of the cementing agent calcium catbona
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3.2. XRD analysis

Qualitative mineralogy of the beach rock samples @atermined with the standard interpretation ptapes of

XRD. Quartz, albite, orthoclase, kaolinite, calcié¢agonite, ilmenite, rutile and almandine ganmete identified

from the peaks in diffractrogram. Major mineralstire samples are quartz and calcite. The presehbeavy

minerals (ilmenite, garnet, rutile etc.) may be ¢bhatribution from the hinterland geology, latetiaa of gneissose
rocks, occurrence of small streams and categavizdty waves and tides.

The qualitative identification of the minerals iedrh rock samples was carried out by using FT-I& Y4RD
techniques. The combined techniques reveal thepcesof minerals such as quartz, orthoclase, akaiginte and
montmorlinte in the samples. Beach rock is mostijnposed of marine shell fragments (e.g., mollusosalline
algae, foraminifera) and terrigenous detritus (eqgartz and feldspar). The presence of quartzf@iddpar in our
study indicates that they also play a role forabmentation of beach rock samples.

From the IR and XRD spectra of the samples, th&gpaadicating the abundance of minerals such asoceate
groups calcite and aragonite occupy large portiototal peak areas. The high abundance of caloithé samples
was due to the typical beach rock formation. Thisniay be due to the beach deposits along manyscoese
cemented with either aragonite or calcite becaoseesof these “beach rock” derive their cement fregawater.
Seawater is several times supersaturated with cegpecalcite and aragonite and also it is the eawf the
cementing agent calcium carbonate. The bulk minggalof beach rock samples from the IR and XRD studi
reveals that calcite, aragonite and slightly legseent quartz are the dominant minerals. A simirmeralogical
composition characterizes the beach rocks of dtivality.

3.3. INAA Analysis:

The elemental contents in the beach rock sampkeseported in Table 3. The calcium is the highdsalbthe
elements in almost all the samples. This is duleigb abundance of calcium carbonate in tropical surtropical
areas of ocean [26] and also typical beach rockdtion [9] .The highest Al content at;Sndicates the higher
degree of weathering and reflects the degree bfente of sediment, whereas the lowest Al contels; anplies
the finer nature of sediment containing clay mifseeand iron oxideR27].

The variation in the distribution of Ca, Mg, Na akdn some locations may be mainly controlled bgychinerals
in the study area. Nelson [28ps pointed out that in the processes of ion exgdahe common ions inherited from
soil environment (C& and H) by the absorption in surface particles are r&laby most abundant ions (Nend
Mg")®. The net reaction between fluvial clays and séamia primarily an exchange of seawater Na forrtabG4.
The higher Na and Mg concentrations g r8ay be due to the low Ca content in the marginalrenment such as
tidal channel and, swamps can also be attributéidet@bove replacement of Ca by other ions [29].

Table-1 Analysis of standard Reference Material byNAA

Elements | Measured Value| Certified Value
Al % 2.40+ 0.7 2.30+£ 0.2
Ca% 0.53+0.4 0.52+ 0.6
K % 0.89 +0.7 0.86+ 0.8
Fe % 217+ 1.4 2.081.2
Na % 0.78+ 0.8 0.74+ 0.9
Ti % 0.47+0.7 0.46+ 0.6

V 43.94+ 0.2 44.84+ 0.4
Mn 231.33+1.2 234.5G 1.6
As 6.26+ 0.17 6.23t £ 0.15
Cr 41.3+ 0.6 40.90t 0.8
Ce 3451+ 0.7 34+ 0.2
Co 5.6+0.2 5+0.3
La 20+ 1.6 17+ 1.2
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Fig.2. A typical FT-IR spectrum of Beach rocks of 8uth East Coast of Tamilnadu

The presence of Fe, Ti, Cr, Mn and V we
samples as well as the study area. This

re indicttesminerals such as ilmenite, rutile and chromitsent in the
may beodbieavy minerals present in the samples and alsediments

[30].The low concentration of Co in the presendgtshows that its mobility is reduced in the carltendominant
environment [31].The presence of Zr and Hf in thedg indicates the possibility of heavy mineralegemt in the
sediment. In beach rock samples, the contents d&sRfllow the order Ce>La>Sm>Yb. This is consistesth

average abundance in the earth’s crust.
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The variation of the different trace elements ia ghiesent study may be due to the nature of weathprocesses,
and the velocity of transporting media. The totaté elements concentrations in sediments depanahhoon the
trace element input but also on the mineral contiposof the sediment, which can be different fromaato area.
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Fig.3. A typical X-ray diffractrogram of Beach rock of South East Coast of Tamilnadu
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Table 3 Elemental concentration of Beach rock samplesf South East Coast of Tamilnadu (in ppm unless % idicated)

Elementt & S S S S 0 S S S S Se Su S S Su S
Al % 015 12 13 24 061 318 203 233 143 225 168 223 7.73 0.72 3.42
Mg % 0.70 0.88 3.04 1.13 263 132 255 320 220 2.27 0.73 1.22 3.21 0.70 2.48
Na % 0.42 057 043 052 039 085 059 0.15 051 044 043 0.96 1.79 0.22 0.52
Ca% 15.80 22.4¢ 17.9¢ 24.2¢ 18.50 15.3. 18.14 12.1¢ 14.24 23.5¢ 24.6¢ 18.2: 10.87 20.5: 4.43

Ti % 0.07 1.20 049 ND 0.04 034 0.12 704 0.06 ND 052 0.38 0.30 0.16 15.6¢
Fe % 0.81 2.37 248 0.29 033 1.39 0.67 158! 044 0.61 0.73 1.13 5.45 0.51 23.1
Co 3.91 7.07 958 2.99 499 9.06 55 30 7.2 2.783.57 3.26 14.8! 6.64 45.8¢
Cr 14.9¢ 26.1 53.9t ND 21.7¢f 36.3. 102.84 187 29.48 55.5¢ 38.2¢ 25.9! 97.2 54.3¢ 304
\ 4.76 62.6 37.8. 5.66 5.87 20.2! 13.31 416.. 15.68 72.4! 30.97 27.9¢ 62.8° 11.87 631.¢
Hf 521 17.2¢ 26 2.24 3.81 14.7¢ 9.14 56.2¢ 5.63 6.88 45.4! 20.2¢ 14.7. 4.56 101.
Zr ND ND 2348 ND ND ND 1612.2. 2662 ND 1087 1990 1525 1532 1027 4692
Mn 167.L 407.f 385.¢ 215.f 146.¢ 686.8 226.36 2809 778.8« 499.« 114.. 139.t 580.. 432.; 2514
La 101.( 78.5¢ 27.1¢ 16.0¢ 9.49 382z 16.58 140 10.06 25.1: 121.. 131.t 56.8( 29.9¢ 678.(
Ce 18.1« 137.% 37.3: 29.11 16.5, 87.2¢ 57.87 221.¢ 19.48 77.2: 225.0 247 86.4: 51.2¢ 1288
Sm 1.10 5.62 249 1.64 105 3.08 1.22 11.0¢ 0.95 3.80 11.0¢ 12.37 4.07 2.43 60.3¢
Eu 0.49 1.06 221 0.74 0.80 2 096 285 084 0.68 135 1.34 256 0.55 5.69
Th 0.30 099 0.41 0.18 0.16 0.74 0.22 125 045 0.67 098 125 280 06 7.21
Yb 0.44 0.19 0.65 0.41 0.22 0.82« 049 2.61 056 0.89 1.35 2.81 4.79 1.08 14.0¢

Si-Rameswararm, S,-Pampan, S-Mandapam, S-Pudumadam, Ss-Kilakarai, S-Valinockam, S-SQurangudi, Se-Sippikulam, S-Veerapandia
Pattanam, Syo-Tiruchendur, S;-Manapad, Sio-Ovari, Sis-ldinthakarai, Sis-Perumnal,Ss-Kanyakumari. ND-Not Determined

CONCLUSION

Beach rock formation is a special type of formatiwhen compared to other types of formation.The iteta
examination of cementing material in beach roclamalysed by the spectroscopic techniques. The tgtiadi

identification of the minerals in beach rock sampl&as carried out by using FT-IR and XRD technidA@ong the

minerals identified by these techniques, calcites W most abundant mineral. The presence of edluiticates
directly that they are the constituents of the cstat@on mineral in beach rock samples. The elenhelig&ribution

in the beach rock samples was determined by usisggumental neutron activation analysis (INAA). frdhe

elemental analysis, calcium was more abundantdti@r elements and also it exhibited the highestentration in
almost all locations. This is due to the typicahdie rock formation.

From the analysis, the beach rocks may derive éneeat from seawater. Seawater is several timegsatpeated
with respect to calcite and aragonite and alss ihé source of cementing agent calcium carboiaey workers
reported that calcium carbonate is the cementintgmads for beach rock formation and it supports statement.
The combined use of mineralogical and multi-elerakeanalysis is an adequate methodology to idettigy source
of cementing material for the beach rock formatidimnis study demonstrates the feasibility of spesttopic
techniques for the analysis of beach rock samples i is proven that these techniques can be used f
environmental matrix.
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