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Abstract: 

Geochemical studies were carried out in different coastal landforms along the coastal stretch of Vaigai pro 
delta region in Ramanathapuram district. The study area comprises different unique geomorphic landforms such as 
raised beaches (BS), beach ridges (BRS), coastal sand dunes (CSD) and teri/red sediments (TRS) etc. This study 
summarizes the palaeo environment, weathering intensity, climate and tectonic setting for these sediments. The 
concentration of main major elements are SiO2>Al2O3>Na2O >Fe2O3>TiO2>K2O and rest of the elements are very 
minor range. The CIA value indicates BS, BRS samples are moderate weathering condition and the CSD, TRS 
samples are incipient to moderate weathering condition. Suttner and Dutta plot of SiO2 Vs K2O + Na2O + Al2O3 
shows that the most of the sample plotted in semi-arid to semi humid climatic condition with trending towards 
increase of chemical maturity with active continental margin. The mature and immature characteristics of the 
samples clearly indicated by the Na2O/K2O ratio and suggested the mixed sources. Granite and Gneisses are the main 
source rock for the deposition of such sediments. The concentration of Fe2O3 and TiO2 in TRS and CD samples is 
increasing from western to eastern part of the study area which may be due to the coastal wind activity. BS, BR are 
high weathering then the CD and TRS sediments.  
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I. INTRODUCTION 

The perusal of earlier literature pertaining to the study area during field survey indicates that the study area 

has a unique geomorphic evolutions during the Quaternary period, the occurrence of interlobal depression and 

anomalous deflections of the river, huge deltas uplifted beach, beach ridges, raised beach rocks, dune complexes 

and teri/red sediments stands out an evidence for the dynamic evolution for the Vaigai pro delta. Vaigai river is 

one of the major sources for introducing the sediments in to the near shore environment from the weathered 

products of the continental sediments. These sediments were reworked and re deposited by the wave and wind 

action as a result of various geomorphic landforms present in this study area. The geochemical analysis of such 

clastic sediments has been effectively used to infer the evaluation of tectonic setting and provenance 

determination (Bhatia, 1983, McLennan et al., 1983; Taylor and McLennan, 1985; Roser and Korsch, 1986, 

1988; Condie et al., 1992). In addition, the Teri/Red sediments (TRS) occurring as discontinuous patches 

parallel to the present day coast of the study area. Mineralogically the red sediments are rich in heavy minerals 

such as ilmenite, rutile, zircon, garnet, monazite and sillimanite suggesting their provenance from precambrian 

khondalite, charnockites and granite gneissic rocks (Chandrasekaran et al., 2001). Hence the study was 

attempted to understand the Paleo weathering, provenance and depositional environment, of Vaigai prodelta. A 

totally thirty five samples from Beach (6), Beach ridges (16), coastal sand dunes (3) and Teri/Red sediments (10) 

were analyzed for major oxides. This study summarizes the major elements concentration of beach, beach ridges, 

coastal sand dunes and teri/red sediments in the study area. 
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A). Regional Geology and Stratigraphy  

Most of the study area is covered by the unconsolidated sediments of Quaternary age.  The isolated 

patches of Tertiary sandstone (Cuddalore Formation) comprise reddish (variegated colors) medium to coarse 

grained sandstone and clay stone are surrounded by fluvio marine and lateritic soil in southern part of the study 

area. Detached exposures of laterite and lateritic soil are seen in the direction of SW – NE part of the district. 

The raised and highly eroded mio-plieocene sandstone is the main source for the deposition of sediments in the 

Ramnad sub basin. Ramnad sub basin formed by Graben and is bounded between to high Mandapam in the east 

and Pattukottai Mannarkudi ridge in the west.  A major part of the district is covered with the fluvial, marine, 

fluvio-marine, and aeolian sediments belongs to Quaternary age. Vaigai is the major river and it’s controlled by 

NW-SE trending Precambrian sinistral fault (Vemban et al.1977).  

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Geology of the Study Area 

 

II. Materials and Methods 

Thirty five samples were collected in zip lock polythene cover and taken to the lab. The bulk samples were air 

dried then subject to repeated coning and quartering processes finally 20gm of the sample was selected for 

pulverizing by ball milling machine. Pallets were prepared form the powdered sample for the analysis. Finally 

the pellets were subjected to chemical analysis in the Physical Research laboratory, Ahmadabad, India.  Whole 

major element compositions were determined by XRF spectrometry on a PANalytical Axios, Wavelength 

Dispersive spectrometer. 
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III. Results and Discussions 

 

 

 

 

 

 

 

Fig.2 Average distribution of major elements in the Vaigai pro delta region sediments. 

Results from the XRF analysis presented in Table 1. From the table.1 it can be observed that the most 

influential major elements are SiO2, Al2O3, Fe2O3, TiO2, CaO, Na2O, K2O, and in the case of minor elements are 

MgO, MnO and P2O5. The average wt.% SiO2 is 83.13wt% (Beach sediments) 82.65wt% (Beach ridge 

sediments) 77.1wt% (Coastal sand dunes) 79.96wt % (Teri/Red sediments) except Surankottai (64.69 wt%) 

Melseluvanur (69.55wt %) and Virapattiranvalasai (64.93wt %) correspondingly SiO2 content is dominant in all 

the types of the sediments by the action of fluvial and coastal winds. It is observed except TRS that the average 

% SiO2 is more than the upper continental crust (UCC - 66%) (Taylor and McLennan,1985). The average wt% 

of Al2O3 for BS is 11.03wt% BRS 11.17 wt%  CDS 10.55 wt% TRS 10.96 wt%. Fig.2 has shown the average 

concentration of the all the sediments mostly 95% belongs to SiO2, Al2O3, Fe2O3, TiO2 and rest of the elements 

are less than 5% in total concentration. 

 The average iron content in BS (1.61wt %), BRS (1.37wt %), and CSDS (1.92wt %), by the presence 

of heavy minerals and comparatively in TRS (0.97wt %), is due to the continuous leachate and weathering of 

heavy minerals particularly ilmenite which indicating the CSD and TRS sediments are in red color. In spite of 

this high concentration of CaO content (3.17wt %) in TRS by the presence of rhizoliths in the vadose zones 

formed by surface weathering and pedogenic processes (Joseph et al., 2005). SiO2 /Al2O3 ranges from 7.37 

(TRS), 7.54 (CSD), 7.51 (BRS) to 7.58(BS) showing high silica to alumina content. The average K2O/Al2O3   

ratio for the studied sediments is 0.14 which indicates kaoline or illite types of clay minerals are dominant in 

these sediments. Titanium is one of most immobile elements and the average concentration in BS (1.06wt %), 

followed by BRS (0.75wt %), CSD (0.95wt %) and TRS (0.61wt %). Concentration of TiO2 in BS and CSD is 

higher as compare to samples from BRS and TRS which is due to the presence of heavy mineral particularly 

ilmenite is the major source for the titanium oxide and the same lesser concentration of TiO2 in TRS because of 

the leachate of iron oxide  from heavy minerals. The average Al2O3 /TiO2 ratio of BS (14.22), (BRS), 23.19, 

(CSD) 22.37 and TRS (30.08) which, indicates all the types of the sediments are derived from the felsic source 

rocks and BS are from intermediate source rock. The concentration of MnO and MgO appears to decreases with 

decreasing particle size, due to the less resistant of its nature. 
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Table1.Distribution of major elements in the study area 

Sample Id Location 

Sum 
of 

conc. 
(%) 

Major elements (wt%) 

SiO2 TiO2 Al2O3 Fe2O3 MgO MnO CaO Na2O K2O P2O5 CIA PIA ICV 

SS-BH-1 Sambai 104.09 87.90 1.17 10.41 2.02 0.00 0.04 0.98 0.38 1.13 0.07 79.90 80.20 4.55 
SS-BH-2 Ariyaman 95.85 79.05 0.69 11.61 1.06 0.00 0.04 0.87 0.35 2.21 0.05 72.40 81.90 4.53 
SS-BH-3 Manadapam 103.97 84.76 0.53 11.87 0.94 0.18 0.04 1.45 2.29 1.88 0.04 58.70 60.90 6.62 
SS-BH-4 Kilakkarai 98.02 77.86 0.44 10.42 0.38 0.43 0.03 5.04 1.81 1.47 0.12 43.70 42.70 8.77 
SS-BH-5 Valinokkam 104.93 89.79 1.21 10.21 1.61 0.00 0.04 0.84 0.25 1.03 0.06 77.80 83.50 3.77 
SS-BH-6 Puduvalasai 101.09 79.39 2.30 11.67 3.66 0.00 0.06 0.97 0.79 2.25 0.07 68.60 76.10 7.73 
SS-BR-7 Alangulam 96.68 74.32 1.78 12.56 4.63 0.56 0.07 1.20 0.19 1.29 0.07 77.10 82.80 7.42 
SS-BR-8 Pumalaiavalasai 93.91 74.07 1.21 12.45 2.98 0.47 0.04 0.94 0.23 1.48 0.04 77.60 84.50 5.71 
SS-BR-9 Pirappanavalasai 103.80 90.44 0.35 9.95 0.11 0.00 0.04 0.96 0.63 1.36 0.02 70.30 75.60 3.10 
SS-BR-10 Tidirnagar 99.64 77.61 2.42 11.67 3.48 0.21 0.07 1.23 0.95 1.88 0.13 67.90 73.40 7.63 
SS-BR-11 Vedalai 104.40 82.32 1.02 11.65 3.13 0.73 0.07 1.68 2.12 1.59 0.08 59.10 61.00 8.65 
SS-BR-12 Sundiramudayan 103.75 90.42 0.27 10.25 0.00 0.00 0.02 0.92 0.65 1.47 0.04 70.80 76.60 3.06 
SS-BR-13 Muthuragunatahapuaram 101.88 88.56 0.35 9.89 0.03 0.00 0.02 1.05 0.95 1.06 0.01 68.30 71.70 3.11 
SS-BR-14 Nochiurani 101.34 80.95 0.91 11.79 1.36 0.17 0.04 2.61 1.11 2.34 0.06 56.80 59.00 7.47 
SS-BR-15 Muttupettai 105.02 87.90 0.73 10.94 1.16 0.17 0.04 1.23 1.37 1.42 0.06 65.00 68.40 5.24 
SS-BR-16 Melpudukudi 94.50 75.37 0.78 11.20 1.54 0.32 0.05 1.71 1.30 1.92 0.32 63.10 67.10 6.55 
SS-BR-17 Palamseri 105.06 85.68 0.46 11.94 0.79 0.22 0.04 1.55 2.49 1.82 0.07 57.80 59.60 6.71 
SS-BR-18 Mayakulam 103.09 87.58 0.34 11.16 0.00 0.00 0.02 0.94 1.13 2.49 0.02 64.20 70.60 4.58 
SS-BR-19 Chittakottai 98.97 79.59 0.56 11.81 1.66 0.37 0.05 1.95 1.36 1.51 0.11 62.30 64.80 6.56 
SS-BR-20 K.mariyur 104.15 92.78 0.28 9.04 1.08 0.07 0.04 0.78 0.00 0.25 0.03 84.80 86.70 2.16 
SS-BR-21 Elumanur 103.25 90.04 0.26 10.20 0.00 0.00 0.02 0.92 0.62 1.45 0.03 70.90 76.70 3.01 
SS-BR-22 Surankottai 92.56 64.69 0.25 12.26 0.00 0.70 0.03 7.72 3.97 2.85 0.10 34.80 31.10 14.63 
SS-D-23 Akkadavalasai 104.28 84.66 2.16 10.38 3.44 0.28 0.06 1.16 0.87 1.17 0.09 69.30 73.30 6.73 
SS-D-24 Sattankonvalasai 94.64 75.81 0.25 8.45 0.00 0.39 0.02 9.00 0.70 0.31 0.05 32.30 31.80 10.08 
SS-D-25 Muttupettai 92.36 70.57 0.45 12.83 2.33 1.28 0.05 2.48 0.33 1.94 0.09 64.90 68.90 7.23 
SS-TR-26 Sattankulam 100.54 83.21 1.65 11.03 1.95 0.00 0.04 0.85 0.28 1.63 0.04 75.00 82.90 4.75 
SS-TR-27 Virapattiranvalasai 93.38 64.93 0.31 12.70 0.23 0.81 0.04 7.77 3.70 2.77 0.12 35.60 32.70 14.57 
SS-TR-28 Vadakke kumpidumadurai 101.27 84.29 0.37 11.54 1.38 0.33 0.04 1.32 0.60 1.32 0.08 71.40 76.00 4.69 
SS-TR-29 Idampodai 98.50 74.79 0.78 11.62 1.88 0.47 0.05 5.30 1.78 1.71 0.12 45.10 44.30 10.76 
SS-TR-30 Rajakalpalayam 105.10 92.40 0.27 9.82 0.12 0.00 0.03 0.95 0.59 0.93 0.03 73.00 77.00 2.62 
SS-TR-31 Periyakulam 96.48 79.20 0.25 10.65 0.00 0.24 0.02 1.82 2.69 1.66 0.05 53.10 53.80 6.21 
SS-TR-32 Terku Kadugusandai 100.22 86.61 0.29 10.38 0.00 0.00 0.02 0.93 0.60 1.67 0.03 70.20 76.70 3.22 
SS-TR-33 Mel seluvanur 90.20 69.55 0.15 9.16 0.00 0.46 0.02 9.35 0.77 1.33 0.06 31.90 29.90 11.52 
SS-TR-34 Kil seluvanur 100.26 79.70 1.55 11.47 2.31 0.24 0.05 2.43 0.69 1.75 0.07 61.20 64.00 7.25 
SS-TR-35 Shanmukhapuaram 101.48 84.94 0.47 11.19 1.87 0.00 0.06 0.93 0.59 1.48 0.04 72.90 78.90 4.93 
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 A). Palaeo Weathering 

Chemical weathering is mainly controlled by the source rock types its, composition, climatic conditions 

and rate of tectonic upliftment of source area region (Wronkiewicz and Codie, 1987). Ca, Na and K are the 

mobile elements which were largely removed from the source rocks. Chemical Index of Alteration (CIA) of 

Nesbit and Young (1982, 1984) was used to establish the degree of source weathering.  It is determined based 

on the following equation (Nesbitt and Young, 1996; Honda and Shimizu, 1998). From climatological point of 

view, low CIA values usually can be related to Cold/Arid environments conditions whereas high CIA values 

would be indicating a Warm/Humid climate (Fedo et al., 1995).  

CIA=100(Al2O3/Al2O3+CaO*+Na2O+K2O) 

Where, CaO* represents silicates phase value only. 

The average Chemical Index alteration (CIA) for the sediments from BS is 66.85, BRS 67.73, CSD 

55.50 and TRS 58.94. The CIA value shows that both CSD and TRS are low grade of weathering and BS, BRS 

were subjected to moderate to high rate of weathering conditions in the source area or during the depositional 

period. (Nesbitt and Young, 1982; McLennan, 1993). The CaO content is relatively high in some of the TRS 

and CSD samples which is not lead to fascinating the results (Culler, 2000). Overall the major elements 

concentration from TRS and CSD are similar in nature.  

 B). Sediment Maturity  
The increase in degree of chemical weathering may signify a decrease in tectonic activity and/or 

change towards more warm and humid conditions Jacobson et al., (2003). Weathering indices of sedimentary 

rocks provide useful information about tectonic activity and climatic conditions in the source area. The 

relationship between SiO2 and (Al2O3+K2O+Na2O) was used to identify the climatic conditions which prevailed 

in the provenance (Suttner and Dutta, 1986). Applying their diagram (Fig.3) reveals that the samples were 

spread over in semi-arid to semi humid condition with increasing chemical maturity.  The sediments plotted in 

the semi-arid region which is may be little influence of chemical weathering when comparing to the semi humid 

region samples. 

 

 

 

 

 

 

 

Fig.3 Scatter diagram of SiO2 % - Al2O3 + Na2O + K2O% (Suttner and Dutta, 1986). 
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C) Index of Compositional Variation (ICV) 

The index of compositional variation (ICV) can be used to identify the original characters and maturity 

of the sediments together with the prevailed climatic conditions (Cox et al., 1995).  

 

                ICV = (Fe2O3+K2O+Na2O+CaO+MgO+MnO) / Al2O3 

 

Values of ICV<1 are characteristic of minerals such as kaolinite, illite and muscovite whereas ICV >1 

indicates less amount of clay and more rock forming minerals such as feldspar, amphiboles and pyroxenes (Cox 

et al., 1995). The average ICV values of (BS) 5.99, (BRS) 5.97 (CDS) 8.91 and (TRS) 7.05 Hence, these 

samples having sodic and pottasic feldspar are considered as moderate mature to incipient maturity conditions 

and are products of moderate chemical weathering in the source area. This confirms well to the results obtained 

from the relationship between SiO2 and (Al2O3+Na2O+K2O) shown in fig.3. The K2O/Na2O ratio discriminating 

diagram (Fig.4) after Crook, 1974 indicates SiO2 concentration is increased from poor to intermediate type.  

E). Plagioclase index of Weathering (PIA) 

 Source weathering and elemental redistribution during diagensis can be assessed using Plagioclase 

Index of  Alteration (Fedo et al., 1995). PIA is used to infer the degree of the chemical weathering for the 

sediments. The PIA is calculaterd by the following formula, 

PIA= 100*(Al2O3- K2O)/ (Al2O3 + Cao* + Na2O+K2O) 

The average PIA values ranged from 70.88 (BS), 69.35(BRS), 58(CSD) and 61.62 (TRS). If the PIA 

values >84 would indicate intense chemical weathering while lower values apx.50 is characteristic of 

unweatherd or fresh rock. Mostly the BS and BRS are moderate degree of weathering and CSD, TRS are low to 

moderate degree of weathering conditions in the source area. 

The provenance discriminating diagram of McLennan et al., (1980) suggest that the bulk composition 

of all the sediments in this study area are in Granite and few of the sample fall in Granodiorite composition 

(Fig.4a). This is may be due to the intensive chemical erosion of source area. The regional geology setting of the 

study area is mostly covered by granite, hornblende biotite gneiss, quartzite and tertiary sand stone which are the 

main sources for depositing these sediments in to the ocean.  
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 Fig.4 (a). The K2O/Na2O ratio plot (after Crook, 1974) shown the most of the sediments are quartz 

intermediate type.   Fig.4 (b).  MgO/Fe2O3 bivariate diagram (after Ratcliffe et al., 2007). 

  The MgO/ Fe2O3 ratio discrimination diagram (Fig.4 after Ratcliffe et al., 2007) shown the sediments 

were brought from non marine sand stone and deltaic sand stone. however few of teri/red sediments  fall under 

marine sand stone which due to the re deposition of exposed continental shelf sediments due to lowering of the 

sea level during pleistocene period. (Joseph et al., 1997). The western part of the study area having emerged 

tertiary fluvial sandstone which is the main source for the sediments deposition in the vaigai river delta (Fig.4b). 

 F). A-CN-K diagram 

 

 

 

 

 

 

 

Fig.5 A- CN-K diagram 

In the  A-CN-K diagram (Fig.5) the BS and BRS are moderate to high rate of weathring relative to the 

CSD and TRS. In this diagram the most of the samples from BS,BRS fall along the A- CN line and near to the 

plagioclase feldspar proposing moderat to poor weathering conditions. Some of the BS,CSD and TRS samples 

fall below the feldspar line but close to the A - CN line due to high content of CaO they pass low CIA values.  

The weathering trend of the diagram shown the liner rend parallel to the A-CN line. Linear weathering trend 

suggests steady state of weathering conditions where material removal matches with production of weathering 

material (Nesbitt et al., 1997, Nesbit and Young, 2004). The plots trend towards Illite and kaolinite, chlorite on 

the A-K edge (Fig. 5). Normally the TRS contain more clay sediments comparatively to the other ones. These 

samples are free from metasomatism during digenesis because there is no any inclination towards the K edge. 

 G). Provenance and Tectonic Settings 
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(Fig.6 a) Tectonic discrimination plot (After Roser and Korsch, 1986) (Fig.6 b) Provenance discrimination 
diagrams. (a) TiO2 wt.% versus Al2O3wt.% bivariate plot (after McLennan et al., 1980). The “granite 
line” and “3 granite + 1 basalt line” are after Schieber, (1992).  
 

The K2O/Na2O ratio versus SiO2 diagram was used to determine the tectonic setting of clastic 

sediments by Roser and Korsch (1986). The samples were plotted in the Active and passive margin boundary 

however (Fig.6a) the majority of the samples plotted in active margin. The binary plot shown TiO2/Al2O3 

(Fig.6b) discriminate diagram most of the sample falls in the field of granite sources and few of them fall in 

granodiorite source. This is due to regional geological setting in the source area and local variations do exist. 

IV. Conclusion 

The geochemical studies of different geomorphic landforms in the Vaigai pro delta region reveal that 

SiO2 is the dominant element and followed by Al2O3, Fe2O3 and TiO2 .Few of the TRS, CSD, BRS and BS 

samples contain light influence of carbonate material due to the shell material in the BS, BRS and CSD. In the 

case of TRS contain more carbonate because of decomposition and reprecipitation of calcium in root systems. 

The ratio K2O/Al2O3   indicates most of these sediments contain Illite and kaolinite types of clay minerals. These 

sediments were deposited in semi-arid to semi humid environment with increasing chemical maturity. Most of 

the TRS, CSD were found at humid climatic condition by the influence of human activity of the area. The CIA, 

PIA exposes that the sediments were moderate to high weathering condition in the source area. The Vaigai pro 

delta sediments are geochemically homogeneous with multiple sources and few of the sediments have higher 

content of CaO which have lower values of CIA. Tectonically the sediments are found at active margin with 

granitic and granodiorite is the source rock.  
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