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1. IntroductionGrain size properties of sediment particles provide importantclues to the sediment provenance, transport and depositional history(Folk and Ward 1957; Friedman 1979; Flemming 2007). Theimportant roles of rivers are erosion, produce, transport anddeposition of the sediment and change the earth’s morphology. Thisissue is lead to broad studies by different researchers about riversand the effective processes in this environment as suggested byMcLaren (1981); Sun et al., (1996); Rice (1998); Hoey and Bluck(1999); Asselman and Middlekoop (1998); Gomez et al., (2001);Paphitis et al., (2001); Kleinhans (2001); Surian (2002) andMoussavi-Harami et al., (2004). Grain size is one of the mostsignificant physical property of sediment and commonly usedparameter for understanding the processes involved intransportation and deposition of sediments (Inman 1952; Folk andWard 1957; Mason and Folk 1958; Friedman 1961; Krumbein andSloss 1963; Nordstrom 1977). The Cauvery and Coleroon river hasbeen widely studied for the sedimentological parameters (Seralathanand Seetharamasamy 1979; 1982; 1987; Vaithiyanathan et al., 1992;Alappat et al., 2010; Venkatramanan et al., 2010 and 2011;Anithamary et al., 2011; Singarasubramanian et al., 2009 and 2011;Sujatha et al., 2011 and 2013; Suganraj et al., 2013 and Venkatesan etal., 2015). Sediments are mechanically and/or chemically weatheredrocks, they are loose, unconsolidated materials. They are eroded(picked-up) and transported (moved-along) to a new location. Themost common mode of transport is the running water in rivers,

ocean currents, etc. Winds, glaciers, and mass movements (such aslandslides) are other less common modes of transport. Riversediments originate from the erosion of near surface, exposedigneous, metamorphic or sedimentary rocks. Some of these are easilyeroded, whereas others, especially the igneous and metamorphicrocks, are affected by streams only when altered in the surface(Joshua and Oyebanjo 2010). The sediments are then deposited andmay eventually be buried to produce a sedimentary rock. The grainsize distribution is a simple yet informative test routinely performedin soil mechanics to classify soils (Fredlund et al., 2000). Theenvironmental interpretation of grain-size distributions found insedimentary deposits has been, and still is, a fundamental goal ofsedimentology (Patric and Donald 1985). Investigation of grain sizedistribution has been widely used by sedimentologists to classifysedimentary environments and elucidate transport dynamics. Grainsize distribution is affected by other factors such as distance from theshoreline, distance from the source (river), source material,topography and transport mechanisms. The purpose of the presentstudy is to determine statistically the significant of grain sizedistribution of Coleroon river sediments.
2. Study areaThe study area is drained by Coleroon river and its distributaries.These entire streams are ephemeral and carry floods during
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monsoon. They generally flow from west towards east and thepattern is mainly sub parallel. The eastern coastal part near Pazhayaris characterized by backwater. Coleroon river, a major waterway ofthe Trichy and Thanjavur district, is formed by the bifurcation of theCauvery, which flows through the Chidambaram taluk for 36 milesand finally joins the Bengal 6 miles south of Portonova(Parangipettai). Since the district is underlined by sedimentaryformation, the major landforms that occur are natural levees nearMayiladuthurai coastal plain covering almost the entire district withbeaches, beach ridges, mudflats swamps, and backwater along thecoastal stretch. The humidity recorded in the study area ranges from60-83%. Higher humidity rates are observed during the months ofnortheast monsoon period, whereas low rates are observed duringthe summer period. In this area, southwest monsoon and northeastmonsoon are predominant; the long-term annual average rainfall is1160 mm of the study area. The deltaic plains are found near theconfluence of river Coleroon with sea in the east and in the south(Fig.1).

Fig.1 Location map of the study area
3. Materials and MethodsThe methods of study broadly confined to field investigation,which includes survey, auguring the samples up to 50 cm.Representative samples were taken and subjected to determinetextural analysis. The Coleroon river downstream sediment sampleswere collected up to 50cm depth at 500 m interval in twenty specificlocations along the river belt between Alakkudi to Mahendrapalli inthe downstream. The location of each sampling point (Table 1) wastaken using a Global Positioning System (GPS) GARMIN 76 CSx.Sediment samples were then frozen to 4°C prior to analysis. Thesediments were dried for 24 hours in a hot air oven at 60°C toremove the moisture before analysis. Initially 100 g of sample isprepared by removing carbonate and organic matters by treatingwith 10% dilute hydrochloric acid and 6% hydrogen peroxiderespectively. From the dried samples, 100 g was taken by the conningand quartering method. The 100 g of sample is then subjected tosieve analysis in ASTM sieves at half phi intervals for about 30minutes in Ro-tap sieve shaker. The sieved material in each fractionwere collected and weighed. The weights of the individual fractionswere tabulated for textural analysis.  This basic data i.e. weightpercentage frequency data is converted into cumulative weightpercentage data, that served as basic tool for the generation of otherstatistical parameters. For the present study, GRADISTAT, version4.0 program developed by Blott and Pye (2001) is used. It is providedin Microsoft Excel format to allow both spreadsheet and graphicaloutput.

Location Latitude longitude1 11°22'15.86"N 79°47'16.96"E2 11°22'21.14"N 79°47'8.86"E3 11°22'31.30"N 79°46'56.89"E4 11°22'37.76"N 79°46'52.37"E5 11°22'47.24"N 79°46'49.95"E6 11°22'55.62"N 79°46'46.61"E7 11°23'0.12"N 79°46'38.81"E8 11°23'3.38"N 79°46'23.15"E9 11°23'2.72"N 79°46'13.31"E10 11°22'56.18"N 79°46'2.63"E11 11°23'9.58"N 79°45'43.84"E12 11°23'17.05"N 79°45'49.28"E13 11°23'24.54"N 79°45'58.40"E14 11°23'22.99"N 79°46'8.87"E15 11°23'20.01"N 79°46'15.71"E16 11°23'15.48"N 79°46'26.61"E17 11°23'6.11"N 79°46'40.60"E18 11°22'59.46"N 79°46'49.88"E19 11°22'52.77"N 79°46'56.43"E20 11°22'36.21"N 79°47'9.89"E
Table 1. Geographical locations of Coleroon River sediment samples

4. Results and discussionThe grain size parameters and transport processes/depositionalmechanisms of sediments have been established by exhaustivestudies for several recent and ancient sedimentary environments(Folk and Ward 1957; Mason and Folk 1958; Friedman 1962; Visher1969; Valia and Cameron 1977; Wang et al., 1998; Asselman 1999;Malverez et al., 2001). In the present study, textural parameters arediscussed.
4.1. Mean (MZ)Mean size of the sediments are influenced by the source ofsupply, transporting medium, and the energy conditions of thedepositing environment (Folk and Ward 1957). Mean size indicatesthe central tendency or the average size of the sediment and in termsof energy; it indicates the average kinetic energy/velocity ofdepositing agent (Sahu 1964). The mean phi size of the Coleroonriver sediments varying with a maximum of 1.84φ to a minimum of2.94φ with an average of 2.38 φ (Fig. 2). Predominantly 95% of thesamples exhibit fine sand and 5% of the samples fall under mediumsand category (Table 2). The slow decrease in mean size clearlyexhibits that the gradual increase in energetic condition of fluvialregime towards coast. Fine grained nature of sediments shows thatthey were deposited by river processes with low fluvial dischargeand week wave conditions (Venkatramanan et al. 2011). Mean sizeindicates that the sediments were deposited in a moderately lowenergy environment. This suggests that the sediments weredeposited under medium to low energy condition, as sedimentsusually become finer with decrease in energy of the transportingmedium (Folk 1974; Eisema 1981).
4.2. Standard deviation (Std)Standard deviation measures the sorting of sediments andindicates the fluctuations in the kinetic energy or velocity conditionsof the depositing agent (Sahu 1964). Fine sediments are better sorted
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than coarser to medium sediments (Griffith 1951; Inman andChamberlain 1955). The observed sorting variation attributes to thedifference in water turbulence and variability in the velocity ofdepositing current. It is expressed by inclusive graphic standarddeviation of Folk and Ward (1957). The standard deviation ofsediments in study area ranged from 0.52φ to 0.99φ, with an averageof 0.73φ (Table 2 and Fig. 3). Sediment sample are dominated bymoderately sorted 55% to moderately well sorted 45%, indicates theinfluences of stronger energy condition of depositing agents orprevalence of strong energy condition in the basin (Lakhar andHazarika 2000). This is indicative of low to fairly high energy current(Friedman 1961a; Blott and pye 2001).

Fig. 2. Distribution of Mean

4.3. Skewness (Ski)Skewness measures the asymmetry of a frequency distribution.Duane (1964) observed that positive skewness characterizes thearea of deposition and the sediments are negatively skewed owing tothe influence of the cyclic current pattern, indicative of the high-

energy environment prevailing there. The skewness values rangesfrom 0.15 φ to 0.39 φ with an average of 0.25 φ (Table 2 and Fig. 4).The values indicate fine skewed 85%, very fine skewed 15%category. The dominants of fine skewed nature of sedimentsindicates generally imply the introduction of fine material orremoved of coarser fraction (Friedman 1961) or winnowing ofsediments (Duane 1964). Fine skewed sediments generally imply theintroduction of the fine materials, very fine skewed skewed nature ofsediments indicates excessive riverine input (Angusamy andRajamanickam 2007). This study suggests positive skewnessadverting unidirectional transport or deposition of sediments in alow energy sheltered environment (Folk and Ward 1957).

Fig.3. Distribution of Standard deviation

4.4. Kurtosis (KG)The graphic kurtosis (KG) is the peakedness of the distributionand measures the ratio between the sorting in the tails and centralportion of the curve. If the tails are better sorted than the centralportions, then it is termed as platykurtic, but if the central portion isbetter sorted then it is leptokurtic. If both are equally sorted then

S.No. Mean Median Standard Deviation Skewness Kurtosis Remarks
C1 2.05 2.12 0.63 0.21 1.23 MS, MWS, FS, LK
C2 2.14 2.28 0.78 0.24 1.42 FS, MS, FS, LK
C3 2.08 2.1 0.53 0.15 1.4 FS, MWS, FS, LK
C4 2.16 4.23 0.58 0.22 1.41 FS, MWS, FS, LK
C5 2.56 1.63 0.83 0.25 1.26 FS, MS, FS, LK
C6 2.85 1.92 0.63 0.29 1.44 FS, MWS, FS, LK
C7 2.33 2.27 0.52 0.26 1.31 FS, MWS, FS, LK
C8 2.94 2.03 0.89 0.22 1.34 FS, MS, FS, LK
C9 2.14 2.09 0.69 0.37 1.24 FS, MWS, VFS, LK

C10 2.7 1.46 0.77 0.23 1.35 FS, MS, FS, LK
C11 2.13 2.13 0.64 0.26 1.62 FS, MWS, VLK
C12 2.55 2.19 0.66 0.37 1.46 FS, MWS, VFS,
C13 2.39 2.06 0.88 0.26 1.58 FS, MS, FS, VLK
C14 2.79 2.54 0.68 0.25 1.19 FS, MWS, FS, LK
C15 2.76 2.41 0.99 0.2 1.55 FS MS, FS, VLK
C16 2.38 2.22 0.73 0.21 1.1 FS, MS, FS, LK
C17 2.47 2.43 0.95 0.2 1.31 FS, MS, FS, LK
C18 1.84 2.07 0.61 0.25 0.97 MS, MWS, FS, MK
C19 2.24 2.63 0.76 0.23 1.56 FS, MS, FS, VLK
C20 2.12 2.46 0.73 0.39 1.36 FS, MS, FS, LK
Max 2.94 4.23 0.99 0.39 1.62
Min 1.84 1.46 0.52 0.15 0.97
Avg 2.38 2.32 0.73 0.25 1.35

Table 2. Textural parameter of Coleroon river sedimentsNote: MS: Medium Sand, FS: Fine Sand, MS: Moderately Sorted, MSW: Moderately Well Sorted, LK: Leptokurtic, VLK: Very Leptokurtic
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mesokurtic condition prevails. The Coleroon river sediments showkurtosis values from 0.97 φ to 61.62 φ with an average of 1.35 φ(Table 2 and Fig. 5). The samples fall under leptokurtic nature (75%)very leptokurtic (20%) and mesokurtic (5%). This strongly suggestsa fluvial or tidal environment, confirming that the sands are riverdeposited. The dominant mesokurtic to leptokurtic nature ofsediments refers to the continuous addition of finer or coarsermaterials after the winnowing action and retention of their originalcharacters during deposition (Avramidis et al. 2012). Fine sand sizeparticles dominated in the study area sediments reflect maturity ofthe sand variation in sorting are likely due to continuous addition offiner and coarser materials in varying proportions.

Fig.4. Distribution of Skewness

Fig.5. Distribution of Kurtosis
4.5. CM patternAccording to Passega (1957), the logarithmic plots of the coarsest1-percentile grain size (C) and the median grain size (M) of depositsmay reveal patterns characteristic of distinct sedimentaryenvironments. If this is true, the depositional environments ofsediments may be determined partly by CM patterns, whichdistinguish between the sediments of different environments offluvial and deltaic deposits. The relationship between C and M is theeffect of sorting by bottom turbulence. Good correlation between C(one percent by weight of the sample) and M (grain size as a whole),shows the precision of control of sedimentation by bottomturbulence. CM pattern is subdivided into segments, namely NO, OP,PQ, and RS. NO and OP represent rolling sediments and rollingsediments with some suspension respectively. In the present study,an attempt has been made to identify the mode of deposition in

sediments of Coleroon river using CM pattern (Fig. 6). This groupreflects suspension and rolling mode of transportational history,indicating the complexity in the hydrodynamic process operating inthese systems.

Fig. 6. CM-Pattern showing surface sediments
4.6. Bivariant plotsBivariate plots between the different sensitive texturalparameters throw light on information regarding the depositionalenvironment of sedimentation and demarcate the fields ofoverlapping of closely related depositional environments. Inman(1952); Folk and Ward (1957); Friedman (1961 and 1978) havesuccessfully used the scatter plots for understanding the geologicalsignificance of the four size parameters. Simple bivariant plots (Fig's.7 to 8) were used to elucidate patterns related to differentenvironments. The bivariant plot of mean vs. standard deviation (Fig.7) shows that the sediments are moderately well sorted fluvial andbeach environment. This plot clearly indicates these sediments arethe influence of fluvial environment because the river input is morethan the littoral current.  The scatter plot of standard deviation vs.skewness (Fig. 8) also helps to characterize as a separate cluster. Thestudy region shows the influence of fluvial and beach environments.The energy processes of Coleroon river samples falls in both riverprocesses and inner shelf processes (Fig. 9).

Fig.7. Mean vs. Standard Deviation (Moiola and Weiser 1978)
4.7. Linear discriminate function (LDF)The linear discriminant function of Sahu (1964) has been usedfor multivariate analysis of beach sediments. According to Sahu, the
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statistical method of analysis of the sediments to interpret variationsin the energy and fluidity factors seems to have excellent correlationwith different processes and environment of deposition. Thefollowing formulae and their limitation to a particular environmentwere utilised to interpret the environment of deposition ofsediments.1. Aeolian/beach:Y1 (A:B)= -3.5688 M +3.7016 r2 -2.0766 SK + 3.1135 KGIf Y is >−2.7411,	the	environment	is	 ‘Beach’ but if Y is <−2.7411,	the	environment is ‘Aeolian’.2. Beach/shallow agitated waterY2 (B:SM) = 15.6534 M + 65.7091 r2 +18.1071 SK + 18.5043 KGIf Y is <63.3650, the environment is ‘Beach’ but if Y is >63.3650, theenvironment is ‘Shallow marine’.3. Shallow marine/fluvial environmentY3 (SM:F) = 0.2852 M- 8.7604 r2 – 4.8932 SK + 0.0482 KGIf Y is >−7.4190,	 the	 environment	 is	 ‘Shallow marine’ but if Y is<−7.4190,	the	environment	is	‘Fluvial’.4. Fluvial/turbidityY4 (F:Turb)= 0.7215 M + 0.403 r2+ 6.7322 SK + 5.2927 KGIf Y is >10.000, the environment is ‘Turbidity’ but if Y is <10.000, theenvironment is ‘Fluvial’. (Y1 0 aeolian/beach, Y2 0 beach/shallowmarine, Y3 0 shallow marine/fluvial, Y4 0 fluvial/turbidity).

Fig.8. Skewness vs. Standard Deviation (Friedman 1967)

Fig.9. Mean vs. Standard deviation (after Stewart 1958)

Variations in the energy and fluidity factors seem to haveexcellent correlation with the different processes and theenvironment of deposition (Sahu 1964). The process andenvironment of deposition were deciphered by Sahu’s lineardiscriminate analysis. Y1 (Aeolian, beach), Y2 (Beach, shallowagitated water), Y3 (shallow marine, fluvial) and Y4 (Turbidity,fluvial) were used to decipher the process and environment ofdeposition. With reference to Y1 value, aeolian process contributes45% and 55% by beach at Coleroon river. With reference to Y2 value,100% of the sample falls under shallow agitated water process. Withreference to Y3 value, 90% of the sample falls under shallow marineand 10% of the sample under fluvial (deltaic) environment conditionrespectively. With reference to Y4, 70% of the samples falls in fluvial(deltaic) and 30% sample falls in turbidity action respectively (Table3). The results of the present study indicate that the sediments arederived from both fluvio (sediments discharged by rivers) andmarine environments. It can be inferred that the sediments in thepresent-day beaches must have been deposited in a shallow marineenvironment and in due course of time, marine regression must haveled to the development of the present-day shorelines (Angusamy andRajamanickam 2007).
4.8. Multigroup multivariant discriminant functions V1-V2 plotDiscriminant function analysis (linear and multigrain) proposedby after Sahu (1983) was applied for discriminating the depositionalenvironment of the surface sediments. A rigorous statistical methodof multigroup multivariant linear discriminant functions proposed bySahu (1983) was applied for discriminating the depositionalenvironment of Colleroon river. When the values of the discriminantfunctions of V1 and V2 were plotted on the multigroup multivariantdiscriminant diagram (Fig. 10). The Coleroon River sediments fall inthe field of the river and turbidity environment deposition. Anoverall turbidite environment is indicated by linear discriminantfunction analysis suggest the sediments were transported byinequipropotional mechanism of the river sediments.

Fig.10. V1 and V2 plot after Sahu (1983) showing river and turbidite ofdeposition of Coleroon river sediments
5. ConclusionsThe investigation of the textural characteristics revealed that thesize distributions of the mean values are indicates the dominance offine grained nature. The sediments in generally moderately wellsorted to moderately well sorted, indicating texturally immature tosub-mature sediments of a fluvial environment. Skewness is fine
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skewed to very fine skewed nature and most of the samples fall inleptokurtic nature. From the energy process LDF of the sedimentswere deposited predominantly by aeolian and beach process undershallow agitating environment and carried by turbidity action. TheCM plots indicate that the Coleroon river sediments underwent therolling and suspension under tractive current.
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S.No. Linear Discriminant Function (LDF) Discriminant
FunctionY1 Remarks-Y1 Y2 Remarks-Y2 Y3 Remarks-Y3 Y4 Remarks-Y4 V1 V2C1 -2.45 Beach 84.73 Sh. Agitated water -3.86 Shallow Marine 9.24 Turbidity 2.40 0.99C2 -1.46 Beach 104.10 Sh. Agitated water -5.83 Shallow Marine 10.43 Fluvial (deltaic) 2.73 1.04C3 -2.34 Beach 79.64 Sh. Agitated water -2.53 Shallow Marine 9.81 Turbidity 2.34 1.22C4 -2.53 Beach 85.99 Sh. Agitated water -3.34 Shallow Marine 10.37 Fluvial (deltaic) 2.48 1.22C5 -3.18 Aeolian 113.18 Sh. Agitated water -6.47 Shallow Marine 9.92 Fluvial (deltaic) 2.93 0.96C6 -4.82 Aeolian 102.59 Sh. Agitated water -4.01 Shallow Marine 11.47 Fluvial (deltaic) 2.91 1.37C7 -3.78 Aeolian 83.19 Sh. Agitated water -2.91 Shallow Marine 10.26 Fluvial (deltaic) 2.45 1.23C8 -3.84 Aeolian 126.85 Sh. Agitated water -7.11 Shallow Marine 10.38 Fluvial (deltaic) 3.21 1.06C9 -2.78 Aeolian 94.43 Sh. Agitated water -5.31 Shallow Marine 10.41 Fluvial (deltaic) 2.59 0.99C10 -3.72 Aeolian 110.37 Sh. Agitated water -5.48 Shallow Marine 10.40 Fluvial (deltaic) 2.95 1.12C11 -1.58 Beach 94.94 Sh. Agitated water -4.17 Shallow Marine 11.70 Fluvial (deltaic) 2.65 1.34C12 -3.71 Aeolian 102.25 Sh. Agitated water -4.83 Shallow Marine 11.88 Fluvial (deltaic) 2.85 1.30C13 -1.28 Beach 122.24 Sh. Agitated water -7.30 Shallow Marine 11.53 Fluvial (deltaic) 3.05 1.15C14 -5.06 Aeolian 100.60 Sh. Agitated water -4.42 Shallow Marine 9.81 Turbidity 2.82 1.10C15 -1.81 Beach 139.91 Sh. Agitated water -8.70 Fluvial (deltaic) 11.15 Fluvial (deltaic) 3.33 1.10C16 -3.53 Aeolian 96.43 Sh. Agitated water -4.96 Shallow Marine 8.74 Turbidity 2.63 0.87C17 -1.81 Beach 125.83 Sh. Agitated water -8.12 Fluvial (deltaic) 9.70 Turbidity 3.03 0.86C18 -2.69 Beach 75.73 Sh. Agitated water -3.91 Shallow Marine 7.99 Turbidity 2.18 0.74C19 -1.48 Beach 106.05 Sh. Agitated water -5.47 Shallow Marine 11.19 Fluvial (deltaic) 2.81 1.20C20 -2.17 Beach 100.43 Sh. Agitated water -5.91 Shallow Marine 11.14 Fluvial (deltaic) 2.69 1.05

Table 3. Linear Discriminant Function (LDF) Sahu (1964) and Discriminant Function (Sahu 1983)
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