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Abstract

The primary control on the composition of detrgaldiments is the nature of
source rock from which it has been derived. Othetdrs such as weathering, sorting
and diagenesis have the modifying effect on thepasition of sediments. Chemical
weathering of silicate rocks plays an importanénol modifying the earth climate by
affecting the global atmospheric €®udget. CQ a major green house gas is
consumed during the weathering of silicate rockeer&fore the continued increase in
chemical weathering of silicate rocks over a pepnbtime may result in reduction of
atmospheric C@and global fall in atmospheric temperature. Althoulge above in
turn may lead to decrease in weathering rate armmnagesult in buildup of
atmospheric C@and thus warming. Chemical weathering is thus betleto buffer
atmospheric C®and moderate the global temperature over geologiced scales.
The chemistry of sediments records in them theatian in weathering during
different periods. Thus the sediment chemistry leen widely used to decipher the
weathering changes that have occurred in theircedinat may help to reconstruct the
past climate changes. Weathering also affects thiality of different elements and
therefore their enrichment or depletion. This hashier been used to understand the

behavior of element under different extent of weatiy.

In spite of the above modifying effects the sedimgmemistry is known to
preserve in them certain chemical signatures tbahat get affected by secondary
processes. The signatures preserved in the immeleiteents such as Al, Fe, Ti and
REE are generally believed to provide valuable rimf@tion about nature of source
rocks and the tectonic setting of their emplacemkntddition to the above major
and trace elements, the isotopic signature of dawiler radiogenic isotopes such as Sr
and Nd, that do not get fractionated by sedimerpaogesses, have proved to be more
robust tools for identification of the source, pararly where the sediments have

been modified after their deposition.

Two sediment core, one from the distal (Uttrangodation) and other from
the central axial coastal part (Porayar Locatiémmn the Cauvery Delta region has
been studied for their textural, geochemical andN&risotopic composition. The
Cauvery River originates in the Western Ghat regibsouth India and on its way to

Bay of Bengal drains through various lithologiesAsthean and Early Proterozoic



age. In its upper catchment region the exposedsrabiefly comprise of Archaean
tonalitic-trondhjemitic-granodioritic gneisses (TT&own as Peninsular Gneiss that
are metamorphosed up to amphibolites grade alongp wwinor amount of
metavolcanics. The catchment rocks of Late Archdeadxeoproterozoic high grade
granulite terrain drained by several tributarieshe middle reaches are comprised
mainly of charnockites forming highland massifs argtrogressed migmatitic
gneisses as forming part of several regional ssladar zones. The climate along the
drainage basin of the Cauvery River changes fromithio sub humid to arid climate
and experiences bimodal rainfall pattern from sowidst monsoon (SWM) and
northeast monsoon (NEM) with major part of its aantainfall occurring during
NEM season (the three month period from OctobedDécember). The coastal part
receives about 60% of its annual rainfall, while thterior part receives about 40-

50% of annual rainfall during NEM.

The sediment in the 28 m core from the Uttrangadation are of upper Mid-
Pleistocene to Holocene in age with a large uncomty marked by absence of
almost entire Upper Pleistocene record. Similafifhe 24 m sediment core from
Porayar location the top 18 m is Holocene in agé armarked unconformity is
present at ~20 m depth below which lies the rocK @ftiary or Cretaceous period.
The sediments from Uttrangudi core comprising oflicychannel and flood plain
sequence are moderately to poorly sorted with thedan size ranging between
medium sand to fine silt. The sediments from Par&yeation are also poorly sorted
and their mean size ranges between fine sand &nd\lsnost the entire Holocene
sediments from this location got deposited undaema an estuarine or Bay setting

as indicated by the presence of Foraminifera tagtseem.

The depth wise variation in concentration of siloaboth the studied core
show trend opposite to that of Al, Fe, Mg, Mn anadvhich implies that the variation
in the concentration of later elements is primadle to the dilution effect of quartz.
Further on comparison with texture, it is also otsd to have exerted its control on
the chemistry. The zone having higher sand pergerdad, lower silt and clay, show
higher abundance of Si and lower abundance of abraents. On the contrary the
zones having higher percentage of silt and clag, lawer sand percentage, show
higher concentration of above elements (Al, Fe, Mg, and Ti) except silica. The
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observed correlation of silica with sand percentagel of Al, Fe, Mg, Mn and Ti
with silt and clay would indicate that the sandh@ving higher percentage of quartz,
whereas the mafic minerals such as pyroxene andiaolp and their weathering
product (clay) dominate the finer fraction. Thie tfirst order control over the
concentration of Si, Al, Fe, Mg, Mn and Ti is patily due to variation in texture
because of selective sorting of mafic minerals godrtz in finer and coarser size
fractions respectively. In Porayar core and Rdeene section of Uttrangudi core
NaO, CaO and to a great exterg@Xshow behavior similar to Sg&uggesting that
feldspar are also mostly hosted in sand i.e. tloegtitute the coarser fraction. Unlike
the above in the Holocene sediments of Uttrangudehole NaO, CaO and KO
exhibit positive correlation with Al and negativatiivSi suggesting that in this part
major feldspar population resides in fines or thelsenents have got attached to clays.
Among the trace elements the variation trend in Gli,and Y correspond to the
variation pattern of Al, Fe, Mg, Mn and Ti, indiga that these elements are held in
mafic and clay minerals. Ba and Sr are observeektobit similar variation pattern
and their similarity with the variation pattern B, Ca and K suggests that these

elements are also held in feldspar.

The total range of Chemical Index of Alteration AL alues, corrected for
secondary Ca from carbonate, are 52 to 97 for tBtmee sediments of Uttrangudi
core, 67 to 84 for Holocene sediments from Uttraligind 50 to 80 for Holocene
sediments from Porayar core. higher CIA valuesganjunction with low absolute
contents of Sr, Ca and Na in Pleistocene sedimesgifigct an intensely weathered
provenance and indicate wetter climate during uppier Pleistocene. The relatively
lower CIA values with higher Sr, Ca and Na in Hape sediments indicate relatively
lower weathering and overall reduced rainfall dgriklolocene compared to

Pleistocene period.

REE analysis of sediments was carried out on sglesamples from both the
cores. Good correlation of REE’s and their choednormalized ratios with Ti, Th
and Y in both the cores suggest control of Allgnifganite and Monazite among
heavy minerals on the REE distribution in sedimefisrther the good to strong
positive correlation among REE and Al, Fe, Mg, 8li, Sc and Co in both the cores
suggest, to some extent, the control of mafic nalseand clay. It is observed that in

3



both the cores Eu/Eu* values show a significant @mtrelation with the CIA values,
particularly in Uttrangudi sediments. This wouldggast that the Eu in sediments
have been modified to different extent by the psscef weathering effecting its loss

and lowering of Eu/Eu* values.

To infer the provenance the chemistry of sedimé&mis both the cores was
compared with major rock types from different arehsatchment comprising mainly
of (i) Archean Gneisses from Dharwar Craton (DCJ &m granulite facies rocks
from Southern Granulite Terrain (SGT) comprisinglate Archean to Proterozoic
Charnokites and Migamatic gnessis. The bi-variaiot pf the immobile major
element ratios (Fe/Ti vs Ti*100/Al) suggest tha¢ fhorayar core sediments and the
Holocene sediments from Uttrangudi core have beenved from the mix of various
lithologies exposed in the SGT whereas in the aljgeé gneisses from Dharwar
Craton (DC) fall outside the field of sediments. likkm above the Pleistocene
sediments from Uttrangudi core do not show muchlapewith SGT and plot away
from DC gneisses. On further comparison it is ob=grthat these sediments
(Uttrangudi Pleistocene) plot with Tertiary rockgesed towards the west of the core
location. It was inferred that the shift in the tpbd Uttrangudi sediments in the above
plot may be due to the variable enrichment of Feard Ti during the laterization
process that has occurred in the Tertiary rocksthEu the REE chemistry of
sediments (that is considered more robust) was aoedpwith the above catchment
rocks. The chondrite normalized plots of REE idiseents from both the core are
almost parallel to each other and exhibit similaidgictionated patterns with the
(CelYb)\ ratio of ~8.2 although with large variations eir abundance. The more
fractionated nature of LREE and flatter HREE alevith slight negative to positive
Eu anomaly, suggests that the sediments have beawed from a rock of
intermediate composition. Comparison of the chdadnormalized plot of the
sediments with that of various catchment rocks leadfer that the SGT has acted as
the source to the sediments including the Pleisisediments from Uttrangudi core.
Further comparison of Sr and Nd isotopic compasitd sediments with above rock
types corroborate the inference made based upon &fEBugh with help of the
isotopic composition some inferences could be nadmbeit the temporal variability in

erosion within the SGT.



Further study was carried out on the Sr isotope pawmition of the
exchangeable phases associated with the sedimentietermine the temporal
variability in the isotopic composition of grouncater. The isotopic composition of
the leachate fractions (Carbonate, Fe-Mn and ocgalmase) that are supposed to act
as the proxy for ground water indicate that theugtb water during Pleistocene
resembled the mix of fresh water (taken as predantRiver composition) and sea
water in equal proportion. In contrast the Sr ipataomposition in Uttrangudi core
for the Holocene period shows a shift towards Rivater composition, whereas in
the Porayar sediments it shows greater affinityséa water composition which is
expected as these sediments are inferred to hame theposited in an estuarine

environment.
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INTRODUCTION

Weathering is an important component of many bgsmchemical processes
on Earth’s surface that helps in reshaping thensasurface and maintaining balance.
It is the process behind simple dissolved ions sewbndary clay minerals that are
released from primary minerals and ultimately tpmmged to ocean by Rivers. The
term ‘Weathering’ may be defined as a combinatibrtamplex suite of chemical,
biological and physical processes that transforedrdrk into soils (Anderson et al.,
2004). Erosion is considered as one of the drigechemical erosion by continuously
removing the weathered materials and exposingréshfbedrock to the weathering
front. The proportion of various elements in thessdived phase is a complex
interplay of their relative abundances in minei@sl of the mode and rate of their
weathering. (Campos Alvarez and Roser 2007; Bha883; Condie et al., 1995;
Cullers, 1987, 1994, 2000; Huntsman-Mapila et2009; Hurowitz and McLennan,
2005; McLennan et al., 1990, 1993).

Chemical weathering of silicate rocks have sigaific control on the CO
budget of the atmosphere and hence moderates ttie’'sEalimate. According to
Chamberlin, (1899), the enhanced rates of chemvealthering coupled with major
mountain building episodes in Earth’s history resilin a large scale drawdown of
atmospheric Cexhat subsequently led to periods of global coolifige demanding
interest in past as well as present global clintlt@nge has renewed the efforts to
guantitatively understand the feedback mechaniset&den climate and chemical
weathering. On longer timescales, atmospheri¢ @@els is believed to have been
primarily controlled by the balance between thee raf volcanic inputs from the
Earth’s interior and the rate of uptake throughnetoal weathering of silicates at the
Earth’s surface (Ruddiman., 1997). Weathering idelyi accepted as the principal
moderator in controlling large increases and dea®an global temperature along
with precipitation through the greenhouse effedt€0, over geologic time (Berner
and Berner., 1997).

Weathering apart from its modifying effect on climaalso results in
modification of the chemical and physical propestif soil. This ultimately controls
the nature of sediments formed by their transpod deposition. Weathering and

erosion also plays a dominant role in shaping @neldcape of the Earth. Physical and
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chemical erosion of rocks on continents determthesexogenic cycles of elements
and material transfer within and among surfacervess (Raymo et al., 1988; Drever
and Zobrist., 1992; Stallard and Edmond., 1983,71®uth and Kump., 1994; Roy
et al 2010). These erosive processes also playporiant role in the biogeochemical
cycles of elements by supplying nutrients and sglub surface reservoirs such as
soil, atmosphere, oceans and sediments. The sigsatfithe intensity and nature of
weathering and erosion, contained in the abundandecomposition of dissolved and
particulate phases of rivers, are in turn transteinto the sediments. Several studies
carried on weathering profiles have provided insgimto the behavior of various
elements. Nesbitt et a1980, 1989) in their study of weathering profilevdloped
over granodiorite have discussed the behavior lddlial and alkaline earth elements
and developed the parameter called chemical intlekeration (CIA) to quantify the
degree of weathering. These and other workers lz®etried to relate the response
of other elements with varying weathering intensiiy their study it was observed
that several elements including the rare earth ehtsn that are generally considered
to be immobile, get mobilized to different extemtder the influence of weathering
(Nesbhitt, 1979; Condie., 1991; Sharma and Rajama@DOa). Therefore it is
important to understand the processes of rock weeath and its effect on sediment
chemistry before applying it for making inferencekated to their provenance. We as
part of the first objective in the present studyén&ried to understand the weathering
variability in sediments and the associated chengicanges, and have tried to relate
it with the surface geological processes and dépaal environment. As sediments
are transported long distances from the sourcefartteer changes take place in them
due to the operational hydrodynamic conditions thegults in sorting of the
sediments, both textural and mineralogical. Coaes#iments enriched in quartz are
separated from the fine and the lithics are furghieysically and chemically broken
down. This results in quartz-rich sandstones thiat characteristic of continental
interiors and passive margin platform settings amassive mud-rich deltas and
passive continental margin slope settings (Bhat@83; Condie et al., 1995; Cullers,
1987, 1994, 2000; McLennan et al., 1990, 1993; Rasel Korsch., 1986, 1988;
Ryan and Williams., 2007). Thus the chemical andaralogical compositions of
clastic sedimentary rocks is the manifestation @mhposite interaction of various

variables including source rock composition, weatlge erosion, transportation and



sedimentation processes such as mechanical sodaugpmposition and diagenesis
(McLennan et al., 1993). Even though the exposelsrin the catchment regions are
altered into soil and finally into the sediments tme combined effect of several
factors mentioned above, the sediments preseribeim the original signature of
their source rocks. In view of this, geochemicahposition of clastic rock has been
widely used to decipher the composition of sounaagWronkievicz and Condie.,
1987, 1990; Naqvi et al., 1988, 2002; McLennanletl®95; Cullers., 2000; Cullers
and Podkovyrov., 2000; Condie et al., 2001; Singtd Rajamani, 2001 a,b; Singh,
2009, 2010) and to evaluate the composition andugwa of continental crust
(Taylor and McLennan, 1985, 1995; McLennan and dryl1991; Condie, 1993;
Lahtinen., 2000). It is particularly found to beefid in inferring the nature of
Precambrian crust, where either the source rockbeas destroyed by erosion or
exhumed by subduction processes (Feng and Kerrikd90; Hofmann., 2005;
Hofmann et al.,, 2003; Holland., 1984; Johnson., 3)99he geochemistry and
mineralogy of sediments has also been used to a&ealveathering history and
paleoclimate (Fedo et al., 1995, 1996; Nesbitt¥aodng., 1982) of the region. Bhatia
(1983), Bhatia and Crook (1986) and Roser and Ko(4686 and 1988) have used

the chemistry of sediments to reconstruct the tectsetting of depositional basin.

The sediment chemistry, in particular the immolilajor and trace elements,
such as Al, Fe, Ti, Th, Sc, Co, Zr and the rarghealements (REE’s) have been
found to be useful indicators of the source (Tayad McLennan., 1985). These
elements are thought to be negligible in the disbload and carried primarily in the
particulate load. They are found to exhibit similhavior during the process of
weathering, erosion and transportation. Due tosthrelar hydrodynamic behavior of
the mineral phases holding them, the ratios oféhelements are believed to be
similar to their parent rocks and therefore theweaseas excellent tracer of their
source.The effect of diagenesis is also believechase minor effects on these
elements except in some anoxic environments (Mikskd and Zalasiewicz., 1991,
Bock et al., 1994; Lev et al., 1998). Among thelnents the REE, Th, Sc and Co
are generally considered to be the most usefuinferring source rock composition
because their distribution is less affected by sdaoy processes such as diagenesis
and metamorphism and by heavy mineral fractiona{i®hatia and Crook, 1986;
Floyd and Stiven et al, 1991; McLennan and Tay®91; Cullers., 1994). These are
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considered to be immobile under surface conditenms thus inherit the characteristic
of the source rock (Floyd and Stiven et al, 199@ofosi et al, 2002; Zimmermann
and Bahlburg., 2003, Roy et al., 2012). The imnelkilements such as Th, Zr and
REEs are generally enriched in felsic rather thaficwocks, because they are highly
incompatible during most igneous melting and fiawdtion processes, while input
from mafic and ultramafic source areas would resunrichment of Sc, Cr and Co
(Bhatia and Crook, 1986; McLennan et al, 1993; €sland Berendsen., 1998). Thus
the ratios of these groups of compatible and incmfe elements are highly useful
in distinguishing mafic from felsic source. Higheatios of Th/Sc, Th/Co, La/Sc
suggest towards felsic source, whereas their lonaéps indicate mafic source.
Similarly higher concentrations of trace elemenishsas Ni and Cr also indicate
derivation of sediments from mafic and ultramafzices (McLennan et al., 1983,
Taylor and McLennan., 1985; Wronkiewicz and Condi€©89; Cox et al., 1995.,
Bock et al., 1998., Garver et al. (1996., Jaques. £1983).

In addition to above rare earth elements (REEktireents have been widely
used to probe the chemical evolution of continectalst (Taylor and McLennan,
1985; Condie, 1991) chemical weathering in draindgesins (Nesbit., 1979),
sediment provenance and tectonic setting (Taylor MicLennan., 1985; Cullers et
al., 1987). They undergo limited fractionation bgdsnentary processes and low
grade metamorphism and are comparatively insolad present in very low
concentrations in sea and river water. Therefdne, grovenance of sediments is
considered to be the single most important factmtrédbuting to the REE content of
clastic sediments (Fleet., 1984; McLennan., 198%us the REE pattern of fine-
grained siliciclastic sediments and some elemeratibs, especially Eu/Eu*, are
assumed to reflect the exposed crustal abundandetefinann et al., 1993,
Mongelli., G. et al., 1996; Fedo et al., 1996; Hasst al., 1999; Bauluz et al., 2000;
Cullers., 2000; Condie et al., 2001; Mongelli., 2p@nd are useful indicators of
source rock chemistry (Taylor and McLennan., 198995; McLennan., 1989).
However, it has been observed in several studiast ttie process of weathering,
hydraulic sorting and diagenesis alter the chensigaldatures of the sediments that are
considered to be carrier of the source signaturdldf3 et al. 1987; Banfield and
Eggelton., 1989; Milodowski and Zalasevicz., 198bck et al. 1994; Condieet al.
1995). Trace elements including the REE have beparted to get mobilized during
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the chemical weathering and redistribute itselfhmitthe weathering profile by

getting absorbed by the secondary phases. Sevedi¢s have shown that although
REE can get mobilized and redistributed within athering profile, there is no net
losses or gains of specific REEs, that is, theydbleave the system (Nesbitt, 1979;
Duddy., 1980; Banfield and Eggleton., 1989, andr®bhaand Rajamani.,2000a,
2000b). Subsequent erosion and transportation teae-homogenisation of REE
chemistry there by giving source rock REE patteNespitt, 1979; Martin and

Meybek., 1979; Goldstein and Jacobson., 1988; aodd@., 1991). Contrary to

above, Sholkovitz (1988) observed that REE of riveme sediments, particularly the
suspended load have REE patterns that are stralggieted in HREE relative to

shale. Studies carried out by Cullers et al. (198988) on riverbed sediments
produced in different climatic conditions suggeket silt and clay size fractions most
closely resemble their source REE patterns but Wigher abundance. They also
observed the differences in Eu anomaly betweemssds derived from an intensely
weathered source and unweathered source. Theiy stuggest that all the size
fractions have negative Eu anomaly in case of ewhg weathered sediments,
whereas only the sand fractions shows apositivarteumaly in moderately weathered
sediments. Thus more studies needs to be carriedromodern clastic sediments
originating from diverse lithologies under diffeterclimatic conditions and

depositional environment.

In the context of Nd isotopes, the melting of manib form the evolved
plutonic and volcanic rocks that are exposed with continental crust is the most
important process for fractionation of Sm-Nd, ardist provides the conditions
necessary for significant isotope variation witlnégi Sm and Nd are comparatively
immobile REEs and while significant parent-daughfi@ctionation occurs during
mantle-crust differentiation (ions et al., 1983; Chaudhuri and Clauer., 1998)- S
Nd are believed to be transported together wittgigmificant fractionation during
sedimentary processes (McCulloch and Wasserbuif)1@s such they can retain
isotope ratios that reflect those of the sourca éelson and DePaolo, 1988), which
when coupled with other trace element data canigeosignificant information on
sediment provenance. Neodymium isotopes have beed to study sedimentary
rocks primarily focusing on issues like evolutidncontinental crust (McCulloch and
Wasserburg, 1978; Taylor et al, 1983) and also redipting the tectonic setting
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(Nelson and DePaolo, 1988; McLennan et al., 199@Lévinan and Hemming.,
1992). McLennan et al (1990) examined the isotapiaracter of sediments from a
variety of tectonic settings to test the relatiopshetween tectonic setting and
provenance. Several other studies have employedlldhisotopes to constrain basin
evolution (e.g., Gleason et al., 1995; Garzionalgt1997; Ball and Farmer., 1998;
Patchett et al., 1999b, 2004; Dickinson et al., 00The Nd model age of
sedimentary rocks has been used or generally netexp as to reflect mean age of
mantle extraction of various provenance compon@vitsCulloch and Wasserburg.,
1978). Therefore the application of radiogenic apet techniques in sedimentary
provenance studies is useful, as it provides admuahtally different perspective of
time. The main advantage of Sr and Nd isotopekas they act as fingerprints for
provenance and transport pathways of detrital sewlisn (Innocent et al., 2000;
Rutberg et al., 2005). Isotopic ratios of Sr and \Wudy according to the age and
geological history of crustal rocks which leadsain inverse relationship between
87SrPeSr andeNd, (Goldstein and Jacobsen., 1987). Sediments afsrivining older
crust have high radiogenic Sr and non-radiogenicchiatrary to the rivers draining
the younger crust. Depleted mantle Nd model aggg)(@dd a temporal dimension to
the provenance study of sediments by providingaetitvn ages of the sediment
sources from the depleted mantle. Thus Nd isotapdyn the sediments along with
the geochemical studies has also been succesaf@ly for provenance and tectonic
setting. Radiogenic isotopic compositions of seditsereflect their continental
source, which in turn provides very useful inforroat about their provenance
(Goldstein et al., 1984; Revel et al.,1996). FurtBen—Nd analyses of fine-grained
clastic sediments are also a potent sedimentologiohto expound paleogeography,
sediment recycling and maturity as well as différagpects of sediment transport
(Miller and O’Nions., 1984).

In addition to Sm-Nd, Sr isotope has also beenddorbe an important tracer
of weathering and provenance. The four naturallguoing stable isotopes of
Strontium aré“Sr (0.56%)2°Sr (9.87%)27Sr (7.04%) and®Sr (82.53%)°Sr results
from the decay of'Rb, which substitutes for potassium in feldspaisas) K-bearing
clays and other minerals. Strontium is also pressm trace element in major fluid
reservoirs such as seawater and groundwater (Lereti@l., 2009). G4 and St
actively participates in fluid—rock interactionshd Sr isotopic composition found in

11



streams and groundwater has been found to varyndeme upon the chemical
weathering of different types of bed rocks (Fauteak, 1963). Due to these
characteristics, strontium isotopes act as goamktsaof strontium sources (solid and
fluid) and a powerful tool for fluid—rock interaois and hydro geological
investigations (Pace et al., 2007). Thus Sr isctamncentration has been found
useful as a natural tracer to study the streantdtiaen through different kind of rock
types and to recognize the subsurface movement cmamical evolution of

groundwater (Eastin and Faure 1970; Steuber el @84, 1993; Fisher and Stuber.,
1976; Franklyn et al., 1991; Armstrong et al., 1998

The need to understand the distribution, mobilitgcotoxicity and
phytoavailability of heavy metals in contaminateztlisnents and soils led to the
establishment of sequential extraction techniq@sgpfa and Chen., 1975; Agemian
and Chau, 1976; Stover and Sommers., 1976; Gitbg7; Malo., 1977; Tessier et
al.,, 1979). Lately sequential extraction techniqgues/e been expanded to the
understanding of the distribution, mobility and gibte uptake of radionuclides by
plants (Bunzel et al., 1995, 1996; Rigol et al99:9Morton et al., 2001; Pett-Ridge et
al., 2007; Galindo et al., 2007. The Sr isotoperiver, ocean and ground water
equilibrate with the secondary phases precipitabog) of it. According to Jenne
(1977), the ‘matrix vehicle' or residual fractiom associated with more labile and
thermodynamically unstable components such as npatbs, amorphous
aluminosilicates, organic matter, etc. These fomdiare usually coated with Fe- and
Mn-oxides and organic material (both living and #iemg). It is therefore desirable
to discriminate between the different locationstioé elements including the Sr
isotope in the sediments to assess the contributibrground water and the
provenance to the bulk composition of the sedimes in the present study have
tried to measure the Sr isotope composition ofstmndary phases and the residual
detrital phase to make assessment of the provernarg®und water and the clastic

component.

The catchment area of the Cauvery river includestito major Terrains,
1)the northern greenstone granite terrain of Dharweaton (DC) consisting
predominantly the gneisses and 2) the SouthernuBt@errain (SGT) comprising

of charnockites and migmatitic gneisses transebtedeveral shear zones. The river
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draining through these rocks has bulid up a vaka dast of Tiruchirappalli. Out of
the two monsoon system i.e southwest (Indian summensoon) and northeast

(winter) monsoons, the Northeast monsoon domirthtestudied region.

Quaternary environmental paleo-environmental studre south India has
rarely been carried out thus far despite the ingmntole that the coastal area plays as
the direct link between the marginal seas and twirent. Consequently, there is
insufficient information to better understand pal@mvironmental problems
including the paleo-climate and the sediment-tors®uprocess during the
Quaternary.In the present study geochemical artdpsnstudy of the core sediments
from the Cauvery delta region representing latesRleene and Holocene were
analysed and investigated to understand the naitireveathering, climate and

provenance to the sediments.

In the present study attempt has been made tdidghglthe importance of
relief and spatial variability of rainfall on provence studies. The significant
differences in characteristics such as rainfalcktgpe and relief within the basins
provide an opportunity to evaluate their role ifiuieancing weathering processes. The
present study also involves determination ®&8r/ Sr ratio on several leached
fractions in order to better constrain the origintlee secondary components. The
method has also been used to understand the imberaaf groundwater with the

sediments that has led to variatiorfi8r/®°Sr ratio of different phases.
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Objectives:

The objective of the present study includes textumaineralogical and
geochemical including REE and isotopic (Sr and tldjracterization of the sediment
cores obtained from two distinct locations from tbauvery delta region, with the

following objectives:

(A) To study the spatial and temporal change in théutexand weathering
intensity as recorded in the sediments and in tafar their influence on

the behavior and distribution of elements.

(B) To determine the source of the sediments and rtatiem with time using
Major, Trace, Rare Earth elements (REE) and Sr-¢ddpe.

(C) To study the influence of relief and spatial vaaatin rainfall distribution
pattern in determining the supply of sediments faifferent catchment

lithologies.

(D) Measurement of’SrP®Sr ratio in different leachates (exchangeable,
carbonate, Fe-Mn oxide and organic) and residuabgi of the core
sediments to infer the variation in compositiongadund water and effect

of sediment pore water interaction.
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Chapter 2
géofogy of the C&Luvéry

River Basin




2.1 The River Cauvery:

The River Cauvery flows for about 800 km beforgihs Bay of Bengal and
drains a total area of around 81,155%af which 34,273 krhlies in Karnataka,
43,856 knd in Tamil Nadu and 2,866 Kmin Kerala (nt. Hyd. Data Book.CWC,
2007). The catchment area of Cauvery River liesveed 10°7'N and 13°28'N
latitudes, 75°28'E and 79°52'E longitudes. The @au\River originates from the
Brahmagiri ranges of Western Ghats near TalakaW@lagu district of Karnataka.
In its initial stretch the River flows eastward oviee Mysore plateau and is joined by
several tributaries from north and south. The m#jbutary Hemavati River joins
the main channel at Krishna Raja Sagar. Other taiies joining from north are
Shimsha and Akravathy Rivers. Over the Mysore platdhe main channel is joined
from south by tributaries namely Kabini and KapRasers. After flowing through
Mysore Plateau the River while passing through gBilangan hills form falls
through height of 100 m in a series of water faligl rapids at Shivasamudram before
taking a southerly bend at Hogenekal where agaiough series of waterfalls and
rapids it enters into the state of Tamil Nadu. Rfayvsouth it enters into the Plains
after Mettur and between this stretches it is jdinky tributaries draining
Biligirirangan hills namely Palar River from westdhChennar River from North east.
The main River continues flowing southward tiltakes an easterly bend after Erode.
Between Mettur and Erode it is joined from west Rier Bhavani formed by
confluence of Moyar and Bhavani Rivers draining td#igiri hills. In its final
eastward course it is joined by a major tributaynf south draining the Palani and
Kodaikanal hills and its adjoining areas. From hiéreontinues flowing east and

before meeting Bay of Bengal it forms a vast daftar Tiruchirrapalli.
2.2 Climate:

The Cauvery basin receives variable rainfall dutieth south west monsoon
also known as Indian summer monsoon and north(ea@ster) monsoons. The total
average annual rainfall in the basin is ~1092 mhe dnnual mean temperature of the
basin is ~26 °C, however, in the temperature inrmemmay reach maximum upto
41°C and during winter a minimum of ~14 °C. Preeipon varies considerably
across the basin. The Western Ghats act as anaptogrbarrier and shelter the
Cauvery catchment region from the high intensiip taearing winds of south west
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(SW) monsoon, which leads to less rainfall duringte west monsoon (Balachadran
et al., 2006). More than 50% rainfall in the Cayveatchment and basin takes place
during the north east (NE) monsoon period. Thecef®® SW monsoon decreases on
moving from west to east while, the NE monsoonuiafice increases. The coastal
part receives about 60% of its rainfall during tN&E monsoon period, while in
western part it receives 40-50% rainfall duringstlieason. The overall basin
experiences humid to sub humid climatic conditiofise drainage basin in north-
western part has a humid climate while on eastwiaidsub-humid.

2.3 The Geology:

The catchment area of the Cauvery River includeswo major terrains, the
northern green stone granite terrain of Dharwatoaraand the southern granulite
terrain (Fig 2.1). These terrains constitute mosdicseveral Precambrian terrains
separated by several N-S and E-W trending majoarshenes (Swami Nath and
Ramakrishnan., 1981, Harris et al., 1994; Bhaskar & al., 1996; Valdiya., 1998;
Chadwick et al., 2000; Jayananda et al., 2000; $neiset al., 2001). The major shear
zones comprises of Moyar, Bhavani, Palghat, Causad/Attur shear zones (Harris
et al.,, 1994; Bhaskar Rao et al., 1996; Raith et1890; 1999., Valdiya., 1998;
Chadwick et al., 2000; Meisner et al., 2001). Bhekear zones play a key role in
reconstructing the Precambrian evolution of Souathid (Meissner et al., 2001). The
subsequent reactivation of these shear zones dlategperiods is believed to have
resulted in the upliftment and formation of seVdyeck mountains, dominantly
made up of granulites such as the Nilgiri hillslidggirangan Hills and the Palani-
Kodaikanal hills (Raith et al., 1990, 1999; Haetsal., 1994, Valdiya.,1998).

The upliftment of these rocks is believed to haeeuored during the late
Mesozoic period. Further the break up of Madagasedrto the upliftment of
peninsulalar India which subsequently resultedhe formation of Sahydri range
(Western Ghat) along the west coast of peninsulanf@el, 1998). According to
Vaidyanathan (1964), this upliftment resulted ie #astward tilt of peninsular India

and initiation of the east flowing Rivers includitige Cauvery River.

16



|ebuag jo Aeg

10°N

09'N

777E 790 E

75P E

w=== Shear Zones

[ ] Recent Alluvium

B Intrusive Granotiod B Mesozoic/Teritary sediments
[] Alkaline Complex [ Metaplite belt(KMB)

Il Ultramafic bodies [ Kerla Khondolite Belt(KKB)
[ ] Migmatite Gneiss [ Peninsular Gneiss

] charnokite/Enderbite [ | Clospet Granite

Figure 2.1: Geological map of Cauvery Basin modified aftert®ah et al., 2009.
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In its upper reaches the Cauvery River flows thhougchean granitoid
gneiss, intrusive granites and supracrustal roti3harwar Craton which have been
metamorphosed to amphibolite grade. The Dharwaorraomprises vast areas of
Tonalite Trondzehmite gneisses (TTG-commonly knoas Peninsular gneisses)
which is further subdivided into the western (WD&)d eastern blocks (EDC) based
on the nature and abundance of greenstone belissal®f regional metamorphism
and melting as well as the nature and age of grarssic basement rocks (Swaminath
et al., 1976, Chadwick et al., 1981, 2000; Swarhirsaatd Ramakrishnan, 1981,
Rollinson et al., 1981., Radhakrishna, 1983,; Jagea et al., 2000) and according to
Chadwick et al. (1992) are separated by Myloniboe along the eastern margin of
the Chitradurgah schist belt. Earlier Viswanatimal Ramakrishnan (1981) placed
the boundry between eastern Dharwar Craton (ED@)aawestern Dharwar Craton
(WDC) with reference to N-S trending belt of graidtintrusives known as “Closepet
Granites”. The western Dharwar craton is dominéed TG Peninsular gneisses and
volcano-sedimentary greenstone belts, whereas,ED€ is dominated by late
Archaean granitic rocks with minor TTG and thinnoar elongated greenstone belts.
(Swaminath and Ramakrishnan, 1981, Chadwick e2@00; Jayananda et al., 2000).
The suite of rocks forming the gneisses compriseamded migmatitic gneiss,
boitite-gneiss and light grey feldspathic gneisseemed by migmatisation of
supracrustals in different phases at differentigi@phic levels Naha et al., 1993. The
most dominant variety of Peninsular Gneiss congiigucocratic and melanocratic
bands. The leucocratic bands consist of quartztatiioe and oligoclase with traces
of muscovite, apatite and zircon and the melanmchetnds are composed of biotite,
hornblende and epidote. The TTG type Peninsulaisges of western Dharwar craton
(WDC) are as old as 3.4 Ga (Beckinsale et al., 198&§lor et al., 1984, Meen et al.,
1992, Peucat et al., 1993). Further, JayanandaPandat., (1996) isotopic age data
shows that the protoliths of peninsular gneissegeted during three main crust
forming events viz. 3.4 Ga, 3.3-3.2 Ga and 3.0@&@ The highly deformed and
metamorphosed 3.6-3.23 Ga. Sargur Group formingergtone belts of WDC
(Jayananda et al., 2008; Kumar et al., 1996; Nutetal., 1992, Peucat et al., 1995)
formed at mid to deep crustal levels in the WD@dBiinath et al., 1976; Bouhallier
et al., 1993, 1995, Janardhan et al., 1979) isonfiocmably overlain by 3.0-2.6 Ga

supracrustals of Dharwar Supergroup (Kumar et 296; Nutman et al., 1996,
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Taylor et al.,1984., Trendall et al., 1997a,b)islta volcanic sequence made up of
ultramafic komatiite and tholeiitic rocks contaigisubordinate felsic lava flows and
is metamorphosed up to amphibolite-facies in theheon part, and reaches granulite
facies in the southern part of the Mysore area.e EDC is characterizd by the

presence of TTG that are younger (2.7 Ga) tham i@ basement of WDC and also
contains calc alkaline to high pottasic intrusigBslakrishnan et al, 1990, 1999;

Krogstad et al.,, 1991; Chadwick et al., 2000). THIBC is characterizd by the

presence of TTG that are younger (2.7 Ga) tham @ basement of WDC and also
contains calc alkaline to high pottasic intrusigBslakrishnan et al, 1990, 1999;

Krogstad et al., 1991; Chadwick et al., 2000). \Wmtead plutonisim took place in

the EDC between 2.56 and 2.51 Ga and by contragfC plutonisim ceased by

2.61 Ga (Jayananda et al ., 2006).

The outstanding characteristics of the Archaearaitenin southern India is
progressive transition from low to medium grade Tgdi@enstone terrains in the north
to high grade granulite massifs in the south (Rmalthu., 1965). The extension of the
South India Shield south of Dharwar Craton is knaagnSouthern Indian granulite
province or Southern Granulite terrain (SGT). Theurdary between the granite
Gneiss and granulite terrain was first demarcateBrbmor (1936) as ortho-pyroxene
isograd. The origin of Granulite formation has bdetussed by several workers. The
Granulitization was explained due to mantle or Ioereistal CQ rich fluid streaming
(Janardhan et al., 1979, 1982; Hansen et al., 19&tprding to Stahle et al (1987)
granulite development took place by internal flindffering whilst Santosh et al
(1991) invoke a magmatic source of heat and fldaisthe transformation of the
magmatic gneisses into charnokites. The SGT forrperg of Cauvery catchment is
delineated by the crustal scale shear zones tivalivsded it into two major blocks,
the Northern Granulite Block (NGB) occupying thearmetween Dharwar and the
Palghat-Cauvery shear zone (PCSZ) and the Sout@eamulite Block (SGB)
between two major shear zones viz., Palaghat-Cawvait Achankovil shear zones.
The northern part of SGT in the Cauvery catchmeea @onsists of Meso- to Neo
Archean charnockite massifs forming Nilgiri hillsassif, Biligirirangan hills massif
and the Shevroy hills massif (Rajesh., 2012) wderthe SGB consists of Palani-
Kodaikanal massif of Madurai Block (MB). Cauveryean Zone is believed to be a
deep dissected section of an ancient orogenic (BRamakrishnan., 1993) and is
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regarded as a zone of Neoproterozoic reworkingn@fArchaean crust (Bhaskar Rao
et al.,1996). Sm-Nd garnet-whole rock isochronedagéred complexes along the
northern boundary of the PCZ indicate 2935 + 60 fda emplacement of their
protoliths, whilst Sm-Nd mineral isochron (gt-plag-WR) define an age of 72619
Ma (Bhaskar Rao et al., 1996). The CSZ predomigandnsists of deformed
Neoarchaean variably retrograded charnockitic gesisassociated with biotite and
hornblende bearing migmatite gneisses. Similaronird—Pb age for same unit has
been found by (Ghosh et al., 2004) indicate thatgredominant supracrustal gneiss
association of the CSZ is at least ca. 3.0 Ga@hchronological data (Bhaskar Rao
et al., 2003, Chetty et al., 2003) suggests thatGBZ has experienced at least two
major tectonothermal events that culminated dutivegNeoarchaean (ca. 2.5 Ga, D1)
and during the Neoproterozoic (ca. 0.8-0.5 Ga, B2rording to Gopalakrishnan,
(1994) the dominant rock types along the CSZ irelwlipracrustal sequences
metamorphosed to granulite facies, migmatized griesses showing varying degree
of retrogression, charnockites, granites, bandemh iformations, and several
dismembered suites of mafic—ultramafic complexeghwvarying lithological
association including dunite, peridotite—webstersed garnet-bearing gabbro—
anorthosite complexes. Further John et al. (200&ed that the CSZ marked the
presence of 2-3 km wide E-W trending mylonitic @uiggneisses, that composed of
augen shaped quartz and feldspar grains and atsst® of mica and hornblende,
situated on the northern bank of the Cauvery Rikafic granulite and granite
migmatites occur on the northern part of the CSZlempranitic gneisses constitute
the southern part. These mafic granulites usuatlyuo as variably sized enclaves
within the granitic gneisses in the south. Hornbkemiotite gneiss occurs as a thin
band sub-parallel to CSZ in the northern part.

The Moyar shear zone (MSZ), separates the Nilgils from the Dharwar
Craton and the Biligirirangan hills. The regionatend of the Dharwar Craton is
truncated by the E-W trending structures of the Mmhare zone (Fig 1). The Nilgiri
highland massif exposes a strongly tilted sectibgranulite grade lower crust. The
entire crustal section is essentially composedashetiferous enderbitic granulites,
which have been subjected to polyphase deformadioth dehydration processes
(Raith et al., 1990, 1999; Srikantappa., 1996).e Mmbrthern part of it is intruded by
intermediate and basic magmatic rocks, representachly by non-garnetiferous
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enderbites, garnetiferous basic granulites, gabbtoi anorthositic two-pyroxene
granulites and pyroxenites. The calculated agegBimetiferous enderbites arrays
reported in the Rb—Sr and Sm—Nd evolution diagren®160+81 Ma and 250670
Ma respectively (Raith et al., 1999).

The Bhavani Shear Zone traverses through the swuthargin of the Nilgiri Hills
and trending ENE unite with MSZ (Fig 1). Retrogrduetite within the gneiss in the
shear zone yield Rb — Sr ages of 521 to 472 Masamt of the coronitic garnet in a
meta-dolerite yield an age of 552 Ma, indicatingnFAfrican tectonothermal events
in the Moyar — Bhavani Shear Zones (Srikantappa@l120 Occurrence of
pseudotachylite along the shear zone, indicateBdnial heating. The Bhavani Shear
Zone, according to Naha and Srinivasan (1996) ito U km wide south of
Mettupalaiyam (GSI ., 2006).

To the south of the PCSZ directly lies the Madaick (MB). It is separated
from the Trivandrum Block (TB) further south by tAehankovil Shear Zone (ASZ)
(Drury and Holt, 1980). Madurai block (MB), largestistal block in southern India is
composed mainly of biotite-hornblende gneiss andsina charnockite with minor
supracrustal rocks such as pelitic granulites andrtgite (Toshiaki and Santosh.,
2003). The Madurai block comprises the largest lamgh granulite massifs in
southern India, which includes the Palani, Anaimatal Cardamom hills located in
the Kodaikanal region. The charnokites from uplifeeeas (e.g. the Palani Hills) are
surrounded by supracrustals in tectonically conapdid swathes forming the lower
ground. Nd model ages of Madurai block indicatest tHifferentiation of crustal
protoliths from depleted mantle occurred during-3@ Ga (Harris et al., 1994,
Brandon and Meen., 1995). On the contrary, singz evaporation ages together
with U-Pb zircon concordia define ages ranging frars-2.1 Ga for the magmatic
crystallization of protoliths (Bartlett et al.,, 1®9Jayananda et al., 1995a, Ghosh.,
1997).

The Cauvery River drains through the above desgriiteologies and starts
forming the delta east of Tiruchirrapalli. The ezpd older rocks mainly of
sedimentary origin border the present day Cauvelyad Towards the north it is
bordered by Cretaceous sediments consisting of loomgatic sandstone,
fossiliferous limestone and shale and the Tertiarmations of Mio-Pliocene age
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mainly consisting of argillaceous and ferruginousndstone and clay stones
(Subramanian and Selvan., 2001). The Tertiary ftona of Mio-Pliocene age also
border the delta towards the south west. The Gzeats sediments found along the
east coast were laid down during the phase of matiansgression which was

followed by sedimentation in a platform carbonatei@nment in Miocene.
2.4 Cauvery Delta:

The present Cauvery River delta has formed by enoand later deposition
over the older sedimentary rocks of Cauvery Badihe underlying older sediments
of Cretaceous and Tertiary age were depositedenntina-cratonic rift basin that was
further divided into a number of sub-parallel herahd grabens, trending in a general
NE-SW direction. The basin is believed to have cam@ existence due to divergent
tensional block faulting of continental crust anbsidence during Late Jurassic age
and records a sedimentation history till recenthwaiternative transgressive and
regressive cycles (Radhakrishna.,1993). The bastharcterised by features of block
faulting, subsidence and sedimentation. The basidivided into number of sub-
basins separated by ridges. According to Sastri Radiverman (1968) the main
blocks of early subsidence run NE-SW and were fdraleng the western part of the
basin. The horst and graben formed by the aboveitscgot filled and leveled by
Oligocene. The present day delta has formed oweretbsional surface developed

over the Tertiary sedimentary rocks.

The Cauvery River forms a moderate sized delta t@hmences at
Tiruchirapalli. The apex of the Cauvery Delta i®ab30 km west of Thanjavur and
the area of the deltaic plain is often calldte garden of southern Indialhe
radiocarbon dates obtained from the borehole pean f20 m depth in delta,
suggested that the Holocene sediments are 3 mabwlkt 50 km inland and about 30
m thick near the present shoreline (Sadakata.,198@jijrink (1971) and Sambasiva
Rao (1982) based on the number of abandoned dittribchannels stated that the
Holocene maximum transgression was in the southeastde of the delta and that
there was a continuous counterclockwise shift ia ttelta lobes towards the
northeast. Based on Remote-sensing and geomorphatinglies Mitra and Agarwal
(1991) stated that Cauvery delta lacks the protauiss which is regarded as one of
the most essential elements of a delta. They furtiferred that the recent longshore
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wave action has made its coastline smooth andyktr&iinged by beach ridges and
occasional swales. There is a view that cretacsedsments found along the east
coast were laid down during the phase of marinestgeession which was followed by

sedimentation in a platform carbonate environmanMiocene (Subaramanian and
Selvan., 2001). The Quaternary sediments in thetabaact are deltaic littoral sands
and muds (Mitra and Agarwal., 1991). On the basmmarphology the Cauvery delta

has been divided into an upland plain, a delticnpdad a coastal plain (Subaramanian
and Selvan, 2001).
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Chapter 3

Methodology



3.1 Introduction:

To address the stated objectives, conventional adetlof sample processing
for geochemical and isotopic studies were emplogate drilling, core cutting and
preservation of cores formed the preliminary pdrthe work. Sub sampling of the
cores were carried out and representative sample® wubjected to chemical
procedures required for Major, trace element (idiclg REE) and isotope analyses.
Sequential extraction procedures were followed xtraet leachates for isotope
studies. Calibration of ion-exchange columns (ligcihromatography) was carried
out for effective separation of elements. The eleiaeabundances and isotopic ratios
were determined using the Inductively Coupled Phasm Atomic Emission
Spectrometer (ICP-AES), Inductively Coupled Plasktass Spectrometer (ICP-MS)
and Thermal lonization Mass Spectrometer (TIMSpeesively with the facilities at
the Department of Earth Sciences, Pondicherry Usitye The identification of
minerals has been carried out using X-Ray Diffratter (XRD). The detailed

procedures involved with the analysis of the sample discussed below.

3.2 Core Drilling and Core Preservation:

The core drilling was done in two phases, carriatd as a part of shallow
subsurface studies (SSS) project sponsored by Dfflla. M/s. Hydro-Geosurvey
Consultants Pvt. Ltd., Jodhpur, was hired for ihglland retrieving cores from the
selected sites in the Cauvery delta (Fig 3.1).linglemployed a diamond/Tungsten
core drilling bit involving a double barrel corebt A PVC pipe was inserted within
the core tube to retrieve the cored sedimentsod slirect circulation rotary method
was used for the muddy formation with almost 10@eaecovery. In sandy strata, a
combination of rotary and percussion methods wasl ue arrest the core with
slightly lesser core recovery (70-80%) includingskght compaction due to
percussion. The sediment compaction and expansasmyeasured within the drilling
interval as the difference between the drilling ttiepnd the actual core retrieved.
During the first phase, drilling was carried outifdg April and May 2007) at five
locations [Uttrangudi (UG), Valangaiman (VM), Kadtudi (KG), Nanillam (NM)
and Karikal (KK)] situated in the southern and cahpart of the delta (Fig 3.2). After
studying the sub-basin structure, lithological aedtural variations of the cored

sediments, further four new sites were selecteatder to understand the Quaternary
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buildup of Cauvery delta in detail. Thus in the et phase further cores were
retrieved from the delta during the months of Maaiokd April months 2009.
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Figure 3.1: Map of Cauvery Delta showing core locations on @ay\River delta.
UG- Uttarangudi, PR- Porayar, VP- Vadapadi, VM-Vajaiman,
NM-Nannilam, KK-Karaikal, KC-Kottucheri west, KR-Kealthur,
KG_ Kadalangudi.

The new drilling locations were taken from the $oahd central parts of the
delta more towards the present day sea coast. T$ie=e include Porayar (PR),
Kattucherry (KC), Vadapadi (VP) and Kerralthur (KR the collected cores were
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stored in a refrigerated room maintained at a teaipee of -4° C. The refrigerated
room was designed with PUF panels along with PP&te and outside to achieve
complete insulation. Refrigeration Instrument BR1Gbndensing unit-BR101C and
Evaporators BCU-10) were installed for temperataamitoring.

For the present study two cores Uttrangudi (UG) &adayar (PR) from
distinct delta geomorphic setting were analyzed ¢mochemical and isotopic
work.The core from Uttarangudi (UG) was collectedusmd 25 km inland from the
Bay of Bengal coast near Tiruvarur area (N3®17.7”, E 79 39'42.2"). At Porayar
(PR), core sediment was collected from around 2ikdand from Bay of Bengal,
located north of Karaikal region (N 101'17.8”, E 79 50'42.6”). The local

elevation of this site is 2 m above mean sea l@rakl).

The core sections were split on opposite sideshén laboratory using the
circular saw. After cutting the plastic pipe, aaylstring was passed down the core
section to yield two halves (Fig 3.2a). Any smeasediment was carefully scraped
off the exposed sediment surface in a horizontahiém using a plastic spatula.
Subsequently the core lithologies were visuallycdesd and plastic U-channels were

covered with transparent plastic bags and storethénstainless steel core racks

specifically designed for the cores.

=

Figure 3.2: (a) Representative Core sections (b) Core Sanmlage
Next, the cores were sub sampled at 10 cm intemdllabeled according to
depth and stored in plastic bags. The remaining gdfahe core was once again cold

stored as repository for future analysis (Fig 3.2b)
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3.3 Lab ware cleaning:

The lab ware cleaning is essential for the geocbalnstudies in order to avoid
foreign contaminations. Brief descriptions of cleandifferent types of lab ware

adopted during the present study are given below.
Teflon® crucible cleaning

The Teflon crucibles were pre-cleaned by fillingpab30 ml of 6 N HCI and
kept on hot plate for 6 hours. The beakers were theaned three times with single
distilled water (SDW) and rinsed thrice with Triglestilled water (TDW). Further the

Teflon® beakers were air dried in a hot oven af0%@.
Nickel Crucible cleaning:

25 ml Nickel crucibles were used for fusion of RREd silca analysis. The
Nickel crucibles were kept in 1IN HNGor 15-20 minutes. After this Nickel crucibles
were repeatedly washed with tap water and dilutetda®® MA 02 (Neutral) cleaning
solution. Finally Nickel crucibles were cleaned W and TDW and dried in a hot

air oven.
Glassware cleaning.

The glassware’s were kept in 35% Nitric Acid ovghti The glassware were
taken out the next day and washed with diluted &RtMA 02 (Neutral) and three
times with TDW dried and kept in oven.

3.4 Sample Processing:

The subsamples were dried in an oven at 50 to 7foff Gne day to remove
moisture. After drying the samples were powdered &) mesh size with the help of
hardened steel mortar specially designed for genca analysis. About 40 g of
representative sample powder was taken (after gaamd quartering) and further size
was reduced by using agate-lined vibrating cup (Rilllvarisette-9, Fritsch, Germany
of 75 ml capacity) at 750 rotation per minute (RPMjter this the samples were
finally powdered to < 200 mesh (0.075 mm) size gata mortar and stored in air
tight plastic boxes for geochemical analysis. Aérgvstep utmost care was taken to

avoid contamination. Based on the color and tektadations around 180 samples
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were selected for detail major and trace elemerttiess from both cores (UG & PR).
After analyzing the major and trace elemental beray60) samples were taken for
Rare earth element (REE) studies from both sitag. @ these 30 samples were
selected for phase extraction and subsequentlyefidue left was taken for Rb-Sr

and Sm-Nd isotope analysis.
3.5 Texture Analysis

Grain size analysis is an important descriptiveasure to understand the
mechanisms operative during transportation, dejposias well as the distance of
sediment transport. The grain size of core sedimesis measured by laser particle
size analyzer (Cillas 1190). The basic principld.a$er diffraction method (LDM) is
that particles of a given size diffract light thgbua given angle. The angle of
diffraction is correlated inversely proportional particle size, and thus the intensity
of the diffracted beam at any angle measuresntingber of particles with a specific
cross-sectional area coming in the optical patie parallel beam of monochromatic
light passing through a suspension enclosed imgleacell, and the diffracted light is

focused onto detectors.

About 0.2 g subsample was taken with 30 % Hydrogemoxide (HO,) and
0.1 M HCL to remove organic matter and carbonatespectively. Further the
samples were added with 20 ml of TDW and 10 % Sudhexamataphosphate
[Nag(POs)g] stirred properly, till the sample was in suspensiSample was then
poured into the sample cell for analysis. Each samjas analyzed twice with three
repetitions. Each time sample cell was rinsed thnees before moving to next

sample.
3.6 Bulk Mineralogy:

The powdered bulk samples were used for minerabgioalysis by using
PANalytical X’'pert PRO X-ray Diffractometer (XRD)qaipped with 6-6 type
goniometer. The samples were scanned betwéevalies of 2° and 50° with scan
speed of 2.4° @min and 40 kV acceleration voltage. The Cymiavelength for the

X-Ray generated was 1.54 A. The minerals weretifileth by standard procedures
(Dixon et al., 1977; Brindley and Brown., 1980, Bies 2000).
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3.7 Geochemical analysis:
3.7.1 Major and Trace analysis:

For major and trace element determination stanBasdlution procedure of Shapiro
and Brannock (1962) was followed. About 0.5 gm 200 mesh size (0.075 mm)
sample powder was transferred into 60 ml Tétl@nucibles. 10ml conc. HF, 5ml
conc. HNQ@ and 2.5 ml concentrated HGJQvas added to the crucible containing
sample and digested 8 to 10 hours at 90° C withohidover a hot plate. After
digestion the crucible contents were evaporatecbtoplete dryness. After this 5 ml
HF, 10 ml HNQ and 2 ml HCIQ were added to the crucible and evaporated to
complete dryness at 120° C. 5 ml HN®as added twice to the crucible each after
drying to remove the traces of fluorides. The dgadcible contents were dissolved in
dilute HCI and transferred into pre-cleaned catidlal00 ml volumetric glass flask
and volume was made up to 100 ml volume. The clegitvere cleaned repeatedly
with dilute HCIl and TDW. This formed 200 times déd solution for trace elements.
For major element analysis 5 ml from this solutwas taken and volume of 100 mi
was made (4000 times dilution). The digested smhutvas taken for determination of
trace and major elements by ICP-AES. This methosl praferred since the nitric acid
used dissolves carbonates and sulphides and takeg eements including the iron
into higher valency states. The HGl@sed oxidizes the organic matter.

3.7.2. Silca Analysis:

Silica content of samples was done by Solution Ahmo@ of Shapiro and
Brannock, (1962). 60 ml Nickel crucible were cledméth 1:1 HCI and washed with
water. 10 ml of 15% NaOH was placed and evaporatattyness under an infrared
lamp. About 0.05 g of — 200 mesh samples were badecrucibles and fused by
Maker Burner at Red hot condition for 12-15 min.eTérucibles were left to be
cooled and 2/8 of each was filled with Milli @ water and kept covered and left
overnight. The contents of crucible were transfitrte 500 ml plastic beakers
containing about 300 ml of Milli ® and 10ml of concentrated HCI. The contents in
the beaker were quantitatively transferred to &sesf 1000 ml flasks. Finally the
volume was made up on cooling and 100 ml of eachfwaher transferred to plastic

bottles and taken for Sg@letermination.
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Reagents Used:

Ammonium Molybdate Solution 7.5% : This was prepared by dissolving 7.5 g of
Merck® GR grade Ammonium. Molybdate in 75 ml of MiIQ® in 100 ml
volumetric flask. Then subsequently 10 ml of 1158 is added and volume is made

up to 100 ml. The solution made was stored in atigldottle.

Tartaric acid solution of 8%: It was prepared by dissolving 40 gm of reageatigr
tartaric acid in Milli Q® and volume was made ta5@I and stored in plastic bottle.

Reducing solution: The preparation of reducing solution requireselmeagents. The
solution forms of 0.5 g of reagent grade anhydrSosgium Sulfite and 0.15 g of
1Amino-2Napthol-4 Sulphonic acid in 10 ml of ditd water in a 100 ml volumetric
flask. Separately 9 gm of anhydrous Sodium bi/gisigle are dissolved in 70 ml
Milli Q ®. Both solutions are taken in 100 ml volumetric Klasd transferred to 100

ml plastic bottle and covered with aluminum foil.
Determination of Silica:

10 ml aliquot of each sample solution A was pigktiat and transferred to a series of
100 ml volumetric flasks to which 1 ml of Ammoniulolybdate was added and
stirred. The solution becomes yellowish and isvedid to stand for 10 min. 5 ml of
Tartaric acid was added to this solution and mixieoroughly. Further 1 ml of
reducing solution was also added and stirred phpp€he volume was made up to
100 ml and allowed to stand for 30 min. The absacbaof each solution was
measured at 650 nm. With respect to “blank solutioR’ used as a reference blank
which was compared with absorbance of “Solution’-efrock standards. The factor

for each of two standard solutions is computedaetage has taken:

% Si02 of standard
Absorbance of standard

Factor =

Now percentage of Sibf each sample is computed by using the formutadPéage

of SiO, = average factor x absorbance of sample solution

For major and trace element determination stanBasdlution procedure of
Shapiro and Brannock (1962) was followed. Aboutdhbof < 200 mesh size (0.075
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mm) sample powder was transferred into 60 ml Té&florucibles. 10ml conc. HF,
5ml conc. HNQ and 2.5 ml conc. HClPwere added to the crucible containing
sample and kept 8 to 10 hours at 90° C with lideer a hot plate. After digestion the
crucible contents were evaporated to complete digyaed 5 ml HF, 10 ml HNCand

2 ml HCIO, were added to the crucible and again evaporatedrplete dryness at
120° C. About 5 ml HN@was added twice to the crucible each after dryimg
remove the traces of fluorides. The dried cructmatents were dissolved in dilute
HCI and transferred into pre-cleaned calibrated &®Ovolumetric glass flask and
volume was made up to 100 ml volume. The crucilbleee cleaned repeatedly with
dilute HCI and TDW. This formed 200 times dilutediugion for trace element
analysis. For major element analysis 5 ml from fokution was taken and volume of
100 ml was made (4000 times dilution). The digessetution was taken for
determination of trace and major elements by ICFSAEhis method was preferred
since the nitric acid used dissolves carbonatessalphides and takes many elements
including the iron into higher valency states. TH€IO, used oxidizes the organic

matter.

3.7.3. Preparation of NaOH-NaO, fused solution for Rare earth elements
(REE):

The NaOH-NaO; fused solution was used for determinationRaifre earth
elements (REE). 1 gm NaOH pellets and 1.25 gOblgranules were taken in 25
ml nickel crucible. 0.5 g of sample powder <200 msi&e (0.075 mm) was added
carefully so that it does not touch the wall of dnacible and the lid was put on. The
sample and the flux were then fused by heating loem Bunsen burner with
continuously swirling. The crucible was heated 1@r15 minutes continuously. The
crucible was then left to cool down. On cooling tiiekel crucible was filled with
3/4" volume by TDW and left overnight with lid on. Aft around 12 hours the
digested sample was scraped with the help of cledlon® rod and transferred into
500 ml beakers. The nickel crucibles were furtteeagped and cleaned with the help
of 6 N HCI and the contents were transferred ihi® lbeaker. The beaker was then
kept on a hot plate at 70- 80° C to evaporate tias dill the H,SiO, gel forms. The
silica gel precipitate was filtered by using 41-4%hatman filter paper and

subsequently cleaned with 6 N HCI followed by TDWno traces of acid remains
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(till the Filter paper becomes completely whiteheTfiltrate from the flask was
transferred into the beaker and kept once agaimrging. The flask was repeatedly

cleaned till no trace of filtrate remains inside ffask.

After the filtrate was completely dried 30 ml 1HC| was added and then the
solution was transferred into centrifuge bottlerbpeated washing by 2 N HCI and
TDW. 12-14 drops of phenol red indicator were adttedolution and the color of
solution becomes orange. 1:1 Ammonia solution teddn drops to the solution till
the color of the solution changes from orange tk @nd a brown color precipitate
starts forming. The pH of the solution at this pagmabout 8. The ammonia step is
used to precipitate the tri- and tetravalent catiteaving the mono- and divalent

cations in solution, which come in the decant.

The above solution with its precipitate is cengggd at 6000 RPM at a
temperature of around 4° C for 30 minutes. Therdaged solution is then decanted.
The precipitate formed is then taken repeatedlyh viite help of 6 N HCI and
transferred to a 250 ml PFA beaker. The solutios than kept on hot plate at 80° C
for complete drying. If any trace of silica wast)Jé&-10 ml HF and HN@was added
to it and dried. Further 10 ml HNQvas added so to remove any trace of HF and the
solution was once again completely dried. The drésidue left was picked by 30 ml
1 N HNG; and warmed on hot plate so as the residue dissadwel becomes

completely transparent. Now the solution is reamhldading on to the column.

Two types of column were used: HM@nd HCI acid cation exchange
columns for group separation of REE from the o#llements. AG 50W —X8 of 100-
200 mesh size cation exchange resin was used mthetcolumns. 10 ml of 1IN
HNO3; was added to column for resin equilibration. Tokitson was then loaded onto
the HNQ column. Once the loaded 30 ml sample solution pe&sed through the
column, 70 ml of 1.74 N HN©Owas eluted. Then 180 ml of 6 N HN@as passed
through the column and collected in 500 ml Teflon&kers. The solution was once
again dried on hot plate. After drying the contemése re-dissolved in 30 ml 1N HCI
and loaded onto the HCI column after equilibratiingith 10 ml 1 N HCI. After the
30 ml 1 N HCI was passed through the column folidveg 70 ml 1.7 N HCI and
discarded. Then 140 ml of 6 N HCI was passed thrdhg column and collected. The
collected solution was dried and dissolved in 1AM HNG; and taken for analysis.
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0.5 g of sample fused with 1
gm NaOH + 1.25 gm Na,0,
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v

Nickel crucible was filled with
3/4th yolume by TDW and left
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HNO; and dried.
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v

REE was collected with 6N
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20 ml 2N HNO; for analysis.

columns.
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3.8 Elemental analysis using ICP-AES and ICP-MS:

The Trace element, including REE, analysis of lafl studied samples was
carried out using an Inductively Coupled Plasmamito Emission Spectrometer
(ICP-AES) (Model: Jobin Yvon Ultima 2) and Induatly Coupled Plasma- Mass
Spectrometer (ICP-MS)-X-Series. The B-solutionsppred as described in section
(3.7.1) were analyzed in (ICP-AES) for determinatmf major elements and trace
elements, such as Ba, Cr, Ni, Sr, Zr and Y. Roakddrds. AMH and DGH supplied
by the Wadia institute of Himalaya Geology DehradBaini et al., 1998) and internal
rock standards 21-6, 22-22, 22-7 and VM-9 werebcaled using the USGS rock
standards BHVO-1, RGM-1, BCR-2 and STM-1 for califwn of ICP-AES for major
and trace element analysis. Trace elements SclUC®h and Rb were analyzed by
(Thermo scientific, Xseries-2), ICP-MS. The elemanalysis in (ICP-MS) was
carried by using international USGS standards AG$Q0-1, GSP-2, W-2a, SDC-1,

and BHVO-2 were used for calibration.

Rare Earth Elements were determined on pre-coratedtrsolutions after
calibrating the ICP-AES with the standards AMH, DG86-89 and 90-57. REE
values of the internal rock standards were preWouetermined using isotope
dilution technique at Stony Brook, New York, USAr{gstad, et al., 1995). And
these values were checked by analyzing the stasidevtH and DGH as unknowns.
The precision of major, trace and REE were chetkerkplicate analysis of samples.
Both precision and accuracy for major elements katter than 2% and for trace
elements and REE, precision and accuracy are lbtiar2 % and 5 % respectively.
For low REE samples (<5x chondrite) the precisi@s w—10 % for Ce and Nd. The
precision on repeat measurement for Th, Sc, Coaldnd, Nb is <3%. The accuracy
of measurement is better than 10%. Blank levelssomea for various major and trace

elements are shown in (Table 8.1
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Table 3.1: Blank concentration of Major, Trace and Rare eak#ments (REE) were
anaylsed using ICP — AES.

Element Blank concentration
SiO, Al,O3 Fe0s; MgO, CaO KOs, | K,O and NaO < 0.01 (wt %)

MnO and TiQ > 0.01 (wt %)

Ni and Cr 1.5 ppm

Ba <0.5 ppm

Srand Y. For La, Ce, Nd and Sm 0.03 ppm

Eu, Gd, Dy, Yb and Lu <0.007 ppm

3.9 Sequential extraction procedure:

The Leleyter and Probst, (1999) sequential exwacgcheme was followed with these

exceptions:

(1) Instead of 1 gm of sample 3 gm was taken and subksdg the reagent was

increased in same proportion.

(2) The water soluble step was not followed
(3) In the exchangeable step magnesium nitrate (MgN&as replaced by

magnesium chloride (Mgl

First step: Exchangeable fraction (Exch):

(i)

(ii)

(iii)

(iv)

30 ml of 1 M magnesium chloride (Mg€lsolution adjusted to pH 7.0 was
added to each centrifuge tube containing samptesed! tightly and shaken
vigorously for mixing. Then the tubes were placedimechanical water bath
shaker with continuous agitation at room tempegatar 1 hour. (Chart 3.3)
The centrifuge tubes were kept for centrifugatian7800 RPM for 2-5
minutes.

The Supernatants were filtered through 0.45 prerfpaper (Whatman ®) and
stored in previously labeled polypropylene bottl€ke residue on the filter
paper in case left, was returned to the residueairéng in the tube to
minimize the loss.

Before moving to the next step, the residue washadsvith 10 ml of Milli

Q® ultra pure water and centrifuged for 5 minut€ee supernatants were

®
transferred and added to the previously labeled Battom Tarson

polypropylene bottle. This procedure was appliedltshe following steps.
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Second step: Carbonate (Carb)

(v) 30 ml of 1 M sodium acetate (GEOONa) that has been adjusted to pH of 5.0
with acetic acid (CBCOOH) was added to the residue from step one and th
centrifuge tubes closed tightly and shaken vigdsofm mixing. Then they
were subjected to continuous agitation in a medahrnwvater shaker for 5
hours at room temperature.

(vi)  Stepsiii, iii and iv were repeated.

Third step: Bound to Mn oxides (MnO)

(vii) 30 ml of 0.1 M hydroxyl ammonium hydrochloride (MBH HCI) in 25 %
(v/v) acetic acid (CECOOH) was added to the residues from the secompd ste
accompanied with agitation for 30 minutes.

(viii)  Steps ii, iii and iv were repeated.

Fourth step: Bound to amorphousiron oxide (AFe Ox):

(ix) 30 ml 0.2 M Ammonium Oxalate + 0.2 M Oxalic acid svadded to the
residues from the third step and kept for 4 hotire@m temperature.

x) Steps ii, iii and iv were repeated.

Fifth step: Bound to crystalline iron oxides (Cfe Ox):

(xi) 30 ml (0.2 M Ammonium Oxalate + 0.2 M oxalic acidD#A M Ascorbic acid
was added to the residues from the fourth stepkapd for 30minutes at
80°C.

(xii)  Stepsiii, iii and iv were repeated.

Sixth step: Bound to organic matter (Org):

(xiii) 48 ml [{9ml of 0.02 M HNQ (20%(v/v)} +(15ml 30% HO,) +(9ml
H,0,)+(15ml NH,OACc)] for 3hr at 80 °C was added to the residuemfthe
fifth step.

(xiv) Steps ii, it and iv were repeated.

Seventh Step: Residual fraction:
(xv)  The leftover residue from the sixth step was dard powdered to -200 mesh

(0.075 mm) size and taken for Rb-Sr and Sm-Nd arsalyDetails in Section
3.9)
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Sequential Extraction

Procedure
3g of
Sample
|
v
(1) Exchangeable Phase (2) Carbonate Phase
30ml 1M MgCI2 30ml 1M NaOAc
pH 7, Time 1Hrs pH 5, Time 5hrs
(leftover residue agitated) (leftover residue agitated)
\4
(3) Bound to Mn Oxide (4) Bound to Amp Fe Oxide
30ml 0.1M HydroxI 30ml (0.2 Ammonium Oxalate
Ammonium Chloride(25% fe=————=| + 0.2M Oxalic Acid) Time
v/v) Time 30Min 4hrs
(Ieftover residue agitated) (Ieftover residue agitated)
\4
. . (6) Bound to Organic
5) Bound to Xlline Fe Oxide
) . 9ml 0.02M HNO3 +(15ml
30ml (0.2 Ammonium Oxalate 30% H202) +(9ml H202)
+ 0.2M Oxalic ACId +0.1M | .
Ascorbic acid) Time 30Min 15mi NH??(?I\/'?;E Time 5hrs
leftover residue agitated
( gitated) (Ieftover residue agitated)

v

(7) Residual

HF+HNO3+
HCIO4

Chart 3.3: Flowchart showing the sequential extraction proaedmodified after
(Leleyter and Probst., 1999). After each step samptre stored in
bottles and taken for analysis in TIMS
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3.10 Sr concentration in sequentially extracted phees:

From the Uttrangudi samples exchangeable, carboRat®InO and organic
phases were extracted while from Porayar samplbstioree phases were were used
for Sr isotope analysis i.e. carbonate, Fe-MnO anganic. 2 ml of (Exch), 10 ml of
(Carb) and 10 ml of (Org) were taken in 25 ml Teflueaker. For Uttrangudi site in
addition of these phases 15 ml of Fe-MnO combirteatkp was taken by mixing 5ml
each from (MnO), (AFe Ox) and (CFe Ox) phases. Teéton® beakers were kept
for drying on hot plate at 70-80 °C followed by oy with 5 ml of concentrated
HNO; (2 to 3 times) in order to reduce the matrix leVAdter this the sample was
dissolved with 2 ml 2 N HCI and transferred int@ tbolumn filled with Bio-Rad
AG50-WX8 (200-400 mesh) cation exchange resin. &8s wollected with 2 N HCI
and dried and cleaned through the clean-up colWhart 3.2). Sr was dissolved in 1
ul of concentrated HN®and loaded on degassed Tungsten (W) filament kept

preheated at 1A current. Around 0.1 to @I5of TaO was loaded on its top. The
Tungsten (W) filament was dried at 1 A current.tker the filament was kept at 2 A
current for 1 minute to fume off un-dried acids eTilament was then glowed to dull
red for about 20 seconds and loaded on the twredrfalysis in Thermal lonization
Mass Spectrometer (TIMS).

The blank level for each phase was determined lkyngpthe each phase with
the previously calibrated mixed isotope tracer sofufor Rb-Sr (Anand., 2007). The
blank levels were found to be minimal. The blankeleof Sr for exchangeable phase
was 33.03 ng/g, 2.14 ng/g for carbonate, 1.22 fag/tyinO and 5 ng/g for Organic.

3.11 Rb-Sr and Sm-Nd Isotope Analysis:

Rb-Sr and Sm-Nd isotope studies were carried dduakphase. The residual
portion left after the sequential extraction pragedwas dried and powdered to -200
mesh (0.075 mm) size in agate mortar. About 100 ohgample was weighed

accurately using a high precision analytical batarand transferred to a 7 ml

®
Savillex vials. The digestion was carried out using doubsiltd HF-HNOs;-HCI
acids in Teflon®-lined stainless steel bomb at 200fbr 3 days in order to dissolve

any refractory phases such as zircon,. After thepéaawas completely digested, the
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Chart 3.4: Flowchart showing the procedure for separation bf Br, Sm and Nd in

ml of HCIO, was added and the sample was dried again. Thelsangs further
treated with concentrated HCl and HN@nd dried completely, so that remaining
traces of HF were evaporated. The beaker conteats dissolved in 2 N HC| and

split into two fractions. Out of the two fractionee was used for the determination of



isotopic composition (IC) of Sr and Nd, while thther fraction was spiked to the
determination of Rb, Sr, Sm, and Nd concentratignisotope dilution (ID). The
tracer solutions (spike) were used for Isotopiaufdan (ID) analyses for the precise

determination of concentrations of elements.

Isotope dilution analysis involves addition of aolim amount of isotope
tracer solution to a precisely weighed sample gmtufor this purpose, the calibrated
Rb, Sr, Sm and Nd mixed isotope tracer solution added to the fraction to be used
for ID analysis. Electronic balance (Sartorius ME53 model) was used for weighing
the amount of tracer solution was accurately ddtexch by weighing the bottle
containing the tracer solution before and aftepesing (Anand and Balakrishnan,
2010).The procedural blank associated with the &b Sm, and Nd isotopic studies
are 55.75, 0.4020, 0.2467, and 0.0557 ng, respdgtand are <1000 times the
concentration in the samples taken for determinatfdsotopic composition.

The IC and ID fractions were passed through 4.§umaktz columns filled with
Bio-Rad AG50-WX8 (200-400 mesh) cation exchang@realibrated for separation
ofRb, Sr, and REE (Sm and Nd) (Anand., 2007). Riéb &nwere pre-concentrated
with 2 N HCI and isolated from the matrix elemetuts large extent, while the LREE
as a group was collected with 6 N HCIl. Rb and &ctfons thus separated were
purified further by passing through a set of seeop® ml polypropylene Bio-Rad
columns filled with AG50-WX8 (200-400 mesh) catiexchange resin and calibrated
for the above mentioned elements. Rb and Sr wdlected from this column with 2
N HCI and were dried.

Sm and Nd were separated from the REE collectepicagp from HCI column
using HDEHP (2-ethyl hexyl hydrogen phosphate) edatfeflon resin (procedure
modified from Richard et al, 1976 and Gioia and &tel, 2000). The REE fraction
was dried and dissolved in 3@0of 0.18 N HCI for loading into the column. These
columns consist of HDEHP resin-coated Teflopowder in 1 ml quartz column
sandwiched with about 0.5 cm with Bio-Rad AG1l-WX8&8am-exchange resin and
each column was calibrated separately to deterthimelution required for collection
of Nd and Sm. Nd was collected with 0.3N HCI and Bas collected with 0.4N HCI.
(Chart 3.3). Few drops 0f<0.5M3F0O, was added to the collected Nd and Sm cuts
and dried to ensure visibility while loading onketfilaments. Double distilled (using
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sub-boiling quartz still) EMerck GR grade hydroaidaacid and Milli G® ultra pure

water were used for digestion of samples, trackeitisas and calibrating solutions.
3.12 Mass Spectrometry:
Rb and Sr were loaded by following procedure fossnspectrometry:

1 ul of Tantalum oxide (TaO) activator was loaded goreé&warmed rhenium
(Re) single filament and dried at 0.5 A current. \Rds dissolved in 1 to gl of 1N
HCI and loaded on top of TaO on the filament aneédlat 0.5 A current. 1ul of
Tantalum oxide (TaO) activator was again loadedtam of the sample making a
sandwich of sample between layers of TaO. The Blaimvas then glowed to dull red
for about 10 seconds and loaded on the turreteofltMS for analysis. The samples
with less Sr concentrations were loaded on W filaim8r was dissolved in il of
10N HNGsand loaded on Tungsten (W) filament. Around 0.D#®ul of TaO was
loaded on its top. The Tungsten (W) filament aneédliat 1 A current. Further the
filament was kept at 2 A current for 1 minute. TTH@ment was then heated to dull

red colour for about 20 seconds and loaded onutinettof the TIMS for analysis.

Data acquisition for Sr IC carried out in 20 blocasd 11 cycles (220
measurements) in the static mode. During measurgenoemp rotation, baseline
calibration and auto focusing were performed aediintervals of four blocks. Sr
isotope analysis of international standard SRM @8g carried out repeatedly during
the course of analysis of samples to check theracgwand precision of the analysis.
The mean value d¥Srf®Sr ratio of 0.710259 with an external precisior0df00004
(1 s.d.) was obtained from 40 number of standardsomements. The recommended
87Srfosr ratio for SRM 987 is 0.710240. Instrumental miastionation during the
determination of Sr isotopic compositions in staddaand samples was corrected by
internally normalizing the measured ratios by @#os®°Sr®Sr = 0.1194 for Sr using
exponential fractionation law. The mass fractiomatifor the ID samples was
determined through multiple measurements of isot@b@ndards and factors were
assigned externally A double filament assemblyudet two filaments of which one
is used as sample evaporation filament and the ®hesed as ionization filament for
Sm and Nd analysis. Nd and Sm were dissolved segbaia 1 pul of 1IN HNOsand

were loaded on pre-warmed rhenium (Re) double #iats for mass spectrometry.
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The sample was loaded on the filament at 0.5 Aectirand allowed to dry. Then the
current was increased to 1.2 A for 1min in ordefutoe-off, followed by individually
heating the filament to dull red for about 20 seoensuring sample fusing to the
filament until all the HPO, evaporated and were loaded in the turret of theS fivt
analysis. The mean value obtained on 30 analys@d/&S for Nd is 0.511968 + 3
(Fig. 3.3) (recommended value of AMES for Nd 0868 + 4.Govindaraju., 1994).
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Figure 3.3 The Sr and Nd values of standards AMES and SRMf8asured in
TIMS during the period of measurements of the sedirsamples
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Chapter 4
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Geochemical studies on the
Core sediments from
Cauvery delta.




4.1 Introduction:

Weathering is an important component of many bgsmchemical processes
on Earth’s surface (Gunnel et al., 1997, 2007; labwand Allegre., 1997; Dessert et
al., 2001). It is the process behind the generatbrsimple dissolved ions and
secondary clay minerals that are released from ggimminerals and ultimately
transported to ocean by Rivers, and therefore sgrianary agents for erosion. The
term ‘Weathering’ may be defined as a combinatibtamplex suite of chemical,
biological and physical processes that transforedrdrk into soils (Anderson et al.,
2004). Physical erosion is considered as one ofitivers of chemical erosion. The
proportion of various elements in the dissolved seh&s governed by variety of
complex phenomena but is primarily dependent onr tredative abundances in
minerals and on the mode and rate of their weatherChemical weathering of
silicate rocks also exerts significant control ba €Q budget of the atmosphere and
hence moderates the Earth’s climate (Berner, 18@i]ardet et al., 1999; Dupré et
al., 2003). The demanding interest in present asd global climate change studies
has significantly contributed towards better quatitie understanding of the

feedback mechanisms between climate and chemiaheseng.

Further the sediments and sedimentary rocks aredafoental in
reconstructing the tectonic, climate and paleo-gmagy of the concerned
sedimentary basin. The most important controls edinsent composition are
characteristic (composition, grain-size, texturé)tree source rocks, relief, climate,
transport and/or depositional mechanisms (McLeretaal., 1990, 1993; Singh and
Rajamani, 2001). The provenance of sediments frocreat and modern successions
can be inferred by elemental geochemistry, espggdiace elements and radiogenic
isotopes. The chemical signatures in spite of waricntermediate processes are
eventually transferred in sedimentary records amdvige a useful tool for
deciphering the nature and extent of weatherintesed, and the changes brought in
the original composition of the source rocks. Thaneethe quantitative estimation of
the chemical weathering of silicates through inglisach as the calculated values of
chemical index of alteration (CIA), plagioclase eéxdof alteration (PIA) and chemical
index of weathering (CIW) are helpful in understiugdthe weathering history of
sediments (Nesbitt and Young., 1982; Harnois., 18®®lo et al., 1995). The above

needs to be understood to further apply the sedictemistry for provenance studies
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In the present chapter are presented the resutextfral, mineralogical and
geochemical compositions of sediments obtained fiwm cores retrieved from the
Cauvery River Delta developed along the east aafasbuthern India. In earlier work
carried out on Cauvery River, Singh and Rajamaf@0{2 have studied the surface
sediment from the middle reaches mainly to undedsthe present day weathering
and provenance of sediments. In later work Srikg@012) has studied the surface
sediments from the delta region to understand llaages that has taken place in this
region. Here as a part of the major project in ginesent study | have tried to
understandthe spatial and temporal change in ttiareeand weathering intensity as
recorded in the sediment cores from above two imest one situated in the distal
part and the other in coastalpart along the ceaiial of the delta. The other objective
is to infer the post depositional changes in sedinas recorded in their chemistry.
Finally an attempt has been made to infer the prawee using major element

chemistry of the sediments.

4.2 Results:
4.2.1 Borehole Lithology:

Two drill core sediments were retrieved one from thtrangudi location and
the other from the Porayar location (Fig 4.1 angl 4&2). The Uttrangudi bore hole
consist sediments of middle to late Pleistocene lalbcene age and the Porayar
bore hole consists of sediments mostly of Holocageresting unconforamably over
older Tertiary/Cretaceous sedimentary rocks. Thwosiratigraphic boundaries are
recognized by change of lithology and physical abgristics of sediments, such as
color and texture. Both Pleistocene and Holocen@rsnts are composed of clayey
silt, silty, sandy silt and silty sand, gravelygebbly sand units. The sediments range
in color from light brown, dark brown, grayish, gresh gray, grayish brown, grayish
black to red. In some places dispersed mottlingrésent, whereas some bands are
completely mottled. Rootlets and traces of rootétspresent along with decomposed
vegetal matter and plant fragments in the entifghden Porayar sediments except at
depth greater than 20 m, whereas in Uttrangudnsealis it is limited to around top 7
m. Foraminiferal tests and fragments of mollusdaells are present in the Porayar
sediments, whereas the Uttrangudi sediments a@dief fossil. Quartz and feldspar
constitutes the major primary minerals, whereas ctitee kaolinite and illite
constitute the clay minerals. lllite is presenttive entire depth in Porayar location,
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whereas it is restricted to Holocene in Uttrangsdidiments and is absent in

Pleistocene sediments.
4.2.1.1 Uttrangudi Borehole:

Based upon the texture the 31.5 m core obtained Bttrangudi location has
been divided into eight fluvial units. The bottomx 8nits (unit VIII to Ill) from 30.75
m to 7.5 m depth comprise the Pleistocene depasitsthe top 2 units i.e. 7 m

upward constitutes Holocene deposits. (Fig 4.1)

Unit I: The bottom unit | between 31.75 m and 28.2 m deptitains a channel fill
and flood plain facies. It starts with a basal pelimrizon which grades upward into

fine to very fine sand and the flood plain mud.

Unit Il: The interval 28.2 m to 22.4 m constitutes UniwHich is normally graded
and exhibit a fining upward sequence similar tot unand changes from bottom
channel to top flood plain sequence. Silt formsdbminant composition followed by
sand and subordinate clay. In various subunitssitiganges between 48 and 76%,
followed by sand ranging between 21 and 49% arsltlean 10% clay (1.5% - 10%)
(Table 4.1, given at the end of chapter). The lbottd the units also contains pebbles
upto 5 mm in diameter. Towards the bottom from 28r4.9 m depth the sediment
shows gradation in texture and is greenish to gmegolour. The sand percentage
decrease upward and silt and clay show an upwasdise. This is overlain by flood
plain mud (24.9-22.4 m) of which 24.9 to 23 m isygcolored and contains two 1cm
band of calcrete. It is in turn capped by 60 cnoyelcolored sediment, bottom of
which is sandy silt and contains two thin layerfreirugenous concretions/pebbles.
The silty sand unit may be crevase splay which feasined exposed for long and

undergone pedogenesis.

Unit lll:  The unit Il ranges from 22.4- 18.7 m. This zomenihantly consists of silt
(38 to 88%), whereas sand shows wide range vafyaomg 8 to 58% and clay ranges
between 1 to 14%. The bottom part upto 20.7 m &y gn color with mottling and
consist dominantly sand followed by silt and clajis is overlain by grey mud with
dispersed ferruginous nodule/concretions and isniaied near bottom showing dark
grey to black colour thin layers. The mud is mattlet places and contains one
ferruginous concretion upto 3 cm in diameter.
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Radiocarbon ages (Yr B.P.

1655 +/- 55 MUD
IO A2 o ah- 113 UNIT VI
6844 +/- 112
ausroroae P Very Fine Sand (VFS)
12975 +/- 655
UNIT VI
OSL age (ka) F|ne Sand (FS)
193 +/- 28(ka) UNIT VI
10 ; Medium Sand (MS)
UNIT V
212 +/- 31(ka)
Coarse Sand (CS)
£ 15—jo. 2.0
£ UNIT IV
< & Shells
o
8 O Calcrete
20—~ — UNIT 11l
Pebble
Radiocarbon dates (B.P) Srikanth., (2012)
25— L UNIT Il X OSL dates (ka) Alappat et al (2010).
273 +/- 37(ka)
30

CLAY VFS MS

Figure 4.1 Bore hole lithology and stratigraphic position @fdiocarbon dated
levels for Uttrangudi (UG) core from distal part@auvery delta.

Unit IV: ranges from 18.7- 14.3 m. This unit consists 8f6~m thick bottom
massive sand body which sandwitch a mud layer twden. This sand body show
normal fining upward sequence upto sandwitched andlat bottom is is overlain by
lateritic and quartz pebble. Another quartz peltyer of 26 cm thickness overlying
the thin mud is present at ~16.5 m depth and isl@wneby normal graded fine to very
fine sand. The sand body contains dark band towaottem and is light brown in
lower half and becomes grey towards top. The tod rayer overlying the sand unit
is grey in color and contains dispersed calcree afnwhich is 3 cm in diameter. A
sand lense with rootlets is also present in mud presence of calcrete indicates
prolonged exposure.
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Unit V: The unit V ranges from 14.3 - 10.1 m. This ufsbashows a bottom ~2.2 m
thick light brown medium grained sand body whichtains ripples. It contains
pebbly bed at bottom which contains pebbles uptamSn diameter. It is overlain by
~1.5 m thick fine sand that is light brown in cobord contains black/red spots. Near
top it contains a layer with calcretes up to 2 andiameter. The above fine sandy bed
probably is part of the levee. The sand is overtsi mud sequence probably marking

the flood plain deposit.

Unit VI: The depth of unit VI ranges from 10.1-8.0 m depttom bottom up to 8.3
m this unit is comprised of fine sand body thattaors ripples separated by thin
black micaceous layers. Near top it is overlainbbywnish mud that containis black

spots and small dispersed calcretes.

Unit VII: The unit VII ranges from ~ 8 m to 4.2 m depth. Tuodtom of this unit up
to 6.3 m depth is sandy in nature and contains Ipsblit is grey in colour and
contains black organic dispersed material. It jspea by ~ 40 cm layer between 6.3
to 5.9 m depth by reddish grey mud with pebbles ¢hanges to light brown in color
near the top and also contains one black concsetimgasuring upto 2 cm in diameter.
From ~5 m to 5.9 m this unit comprise of greyotet well laminated mud with
reddish orange layers. ~5 m upward up to 4.2 mhdép¢ sediments constitute
alternating layers of sandy and clayey silt whishgrey in colour and contains
dispersed organic material. The sandy silt layees & ~1cm thickness and are

separated by ~1-2 mm clayey silt layers.

Unit VIII:  This unit ranges from ~ 4.2 m depth up to top. Bodom of this unit
from 4.2 m to 2.95 m depth has no internal strieciureserved in it and is grey in
colour. The bottom 50 cm contains dispersed casreThis part of Unit VIii
represents an overall coarsening upward sequerréngt at bottom with mud
containing ~ 30% fine to coarse sand. Moving upwihie percentage sand show a
gradual increase reaching upto 80% at 2.95 m dépid.top 2.95 m to 0 m depth of
this unit is made up of fines, predominantly sii0% - 91%) and sand is almost
absent (< 5%). The bottom ~1.5 m of this part ik daown in color and its lower 50
cm is laminated. The top 1.5 m is massive mud lay#rout any internal structure
and is light yellowish brown in colour. The textwkthis part is similar to underlying
sediments and it contains visible organic mattéh wootlets dispersed within it.
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4.2.1.2 Mineralogy:

The dominant minerals that are present in the selisnof Uttrangudi core are
guartz and feldspar. The other minerals that haen lidentified by X-ray diffraction
include micas/clay minerals (muscovite-illite) witbccasional occurrence of
hornblende and pyroxene. The clay minerals prem@nSmectite, lllite and Kaolinite

in varying proportions.
4.2.1.3 Chemistry:

The major and trace element composition is show(T @ble 4.2). The overall
range of SiQin core samples range from 52.36% to 89.29 % atwarage of
75.33%. The AIO; ranges from 5.55% to 24.85%, at an average of1%3.6eing
lowest in the high silica sample and highest incaildeficient samples. The other
major oxides like CaO* ranges from 0.03 - 2.93 %amtaverage of 0.88 %, Feo(T)
concentration ranges from 2.10 — 11.7 % at an geeof 5.86 %, MgO ranges from
0.26 — 2.74 % at an average of 1.25 %, MnO rafgek — 0.36 at an average of
0.11. BOsranges from 0.01- 0.2 % at an average of 0.05%; Ta@ges from 0.47 —
1.42 %, at an average 0.87 %(Kranges 0.12 — 2.11% at an average of 0.89% and
NaO ranges from 0.02- 3.36 % at an average of 0.92 %.

Similarly among trace elements Ba shows a larggadrom 40 — 2394 ppm
at an average 601 ppm, Cr ranges from 53 — 783 gipam average of 211 ppm, Ni
shows range of 28-120 ppm at an average of 93 Bprpncentration ranges from 19
— 449 ppm at an average of 205 ppm, Y ranges fren#8 ppm at an average of 26
ppm and Zr ranges from 43 to 409 ppm at an avesh§B4 ppm. (Table 4.2).

4.2.1.4 Down core variation of Chemistry in Uttrangidi core:

The vertical down core distribution characteristims major elements are
shown in (Fig 4.2).The chemistry is described frioottom up of the lithology i.e. Il
to VIII. The SiG;shows variable concentration with depth and in garis higher in
the lower part of the core in depth range of 28.@mrh2.3 m (Unit 1l to bottom half of
Unit V) and thereafter show a general decrease upesecept in bottom of Unit VI,

where it is highest.
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Figure 4.2: Depth wise variation in concentration of Major elrhoxides (%), Clay (%), Silt (%), Sand (%) andavl grain

size(Mz) (im) along with values of CIA in core sediments froittrangudi borehole.
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Table 4.2 Major (%) and trace (ppm) element concentratmindttrangudi Borehole sediments from Cauveryalelt

Sample Depth] SiQ Al,O; TiO, Fe0O; MgO MnO Ca*0O Na*, O K,O P,Oy Ba Cr Ni Sr Y CIA LOI
UG 4 6 61.79 2091 0.97 9.46 1.62 0.12 1.65 1.62 1.81 0.0668 304 214 252 45 73 13
UG 10 12 61.25 21.08 0.97 10.01 165 0.13 1.55 1.59 1.73 40.0745 289 198 239 46 74 12
UG 17 20 61.20 2154 099 9.60 154 0.14 1.54 1.50 1.90 0.0871 311 214 234 46 75 1]
UG 2C 25 60.45 2185 0.99 9.66 157 0.12 1.71 1.67 1.93 0.0858 321 214 261 47 73 13
UG 83 83 61.01 21.02 1.13 10.10 186 0.17 1.39 1.63 1.59 90.0797 427 194 240 41 75 14
UG 93 93 58.84 2237 120 1055 2.03 0.16 1.39 1.68 1.70 00.1756 425 180 257 42 76 11
UG 103 103 | 60.93 2138 1.12 10.32 192 0.16 1.09 1.36 1.64 7 0.0766 418 172 245 42 78 11
UG 113 113 | 62.01 2246 105 9.32 1.80 0.16 0.67 1.06 1.40 0.0745 353 156 239 41 83 14
UG 135 135 | 60.80 22.29 1.04 10.10 192 0.17 0.78 1.21 1.60 9 0.0647 307 206 255 42 81 14
UG 145 145 | 57.29 2356 1.19 1160 222 0.15 0.98 1.17 173 00.1854 428 188 261 47 81 17
UG 155 155 | 59.89 2095 1.18 11.23 234 0.16 0.85 1.52 1.77 10.1690 402 220 229 43 78 17
UG 165 165 | 56.04 2452 1.13 1149 256 0.19 0.98 1.10 1.85 30.1919 456 212 245 46 81 18
UG 175 175 | 58.16 2298 1.07 10.79 255 0.14 0.96 1.26 1.93 6 0.1827 446 190 251 43 80 17
UG 185 185 | 55.26 23.81 1.07 1058 252 0.18 1.09 3.36 1.96 70.1909 446 178 260 43 71 17
UG 193 193 | 52.36 2594 1.14 11.70 274 0.18 1.04 2.61 211 00.2669 455 184 223 43 75 1
UG 220 220 | 56.89 2348 1.05 10.92 260 0.18 0.76 2.15 1.82 6 0.1770 446 178 232 45 77 1i
UG 230 230 | 5751 2238 1.06 10.16 2.69 0.17 1.26 2.70 1.89 80.1834 419 159 307 41 72 1
UG 240 240 | 56.29 23.17 1.03 1055 241 0.24 1.44 2.85 185 70.1880 357 172 255 42 71 14
UG 250 250 | 60.18 2159 1.04 9.27 239 011 1.17 2.31 1.81 0.1844 421 152 262 39 73 14
UG 260 260 | 61.54 1990 1.00 8.28 226 0.16 1.58 3.09 204 0.1887 364 125 327 36 66 13
UG 270 270 | 6190 20.05 1.04 8.11 2.08 0.07 1.64 2.85 208 0.1851 364 125 317 40 67 1]
UG 28C 28C 64.36 1756 142 8.98 1.79 0.15 1.70 241 1.44 0.1826 377 139 249 37 67 13
UG 290 290 | 78.24 1169 101 4.21 0.84 0.09 1.35 1.37 1.07 0.1822 185 53 240 20 67 5
UG 313 313 | 89.31 6.25 0.64 210 0.33 0.11 0.53 0.38 0.36  0.0400 61 28 122 13 76 4
UG 319 319 | 85.72 814 0.79 3.19 0.47 0.19 0.65 0.39 0.42 0.0846 111 44 147 19 78 5
UG 329 329 | 87.70 7.15 0.70 2.45 0.49 0.07 0.59 0.39 0.39 0.0897 108 30 127 18 77 5
UG 339 339 | 87.63 7.44 0.68 2.39 0.54 0.08 0.49 0.37 0.37 0.0262 78 31 141 22 80 7
UG 349 349 | 8422 986 057 3.14 0.86 0.04 0.38 0.36 0.54 0.0284 75 43 179 28 84 7
UG 359 359 | 81.80 10.20 0.84 356 0.98 0.15 1.09 0.69 0.66 0.0404 102 47 221 28 73 8
UG 369 369 | 8548 864 0.70 2.79 0.82 0.08 0.36 0.57 0.53 0.0862 79 35 207 19 80 8
UG 38C 38C 86.10 7.32 0.86 3.09 0.54 0.10 1.00 0.42 0.54 0.0407 95 36 153 16 70 5
UG 392 392 | 85.73 7.71 098 3.23 0.66 0.12 0.49 0.48 0.56 0.0865 83 39 158 21 77 6
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Sample Depth] SiQ Alb,O; TiO, FeO; MgO MnO Ca*O Na*,0 K,O0 P,0Og Ba Cr Ni Sr Y CIA LOI

UG 419 419 | 76.57 11.87 091 5.08 157 0.14 1.29 1.21 1.30 0.0m96 204 67 282 35 67 1]
UG 427 427 | 70.74 1550 0.96 6.41 1.86 0.13 1.33 1.42 1.57 0.0968 188 82 310 24 71 12
UG 437 437 | 7431 13.45 0.95 5.60 1.65 0.12 1.16 1.31 1.41 0.0853 243 77 280 21 70 1(
UG 447 447 | 69.25 16.46 1.09 6.98 1.95 0.20 1.05 1.29 1.71 0.0561 260 86 301 21 74 1]
UG 457 457 | 7481 14.17 0.85 5.74 1.67 0.15 0.85 0.45 1.29 0.0825 167 73 254 23 79 1]
UG 467 467 | 76.48 11.25 0.77 5,52 1.58 0.15 1.22 1.56 1.44 0.0473 181 78 256 21 64 9
UG 477 477 | 7494 12.02 0.96 5.40 1.62 0.10 1.48 1.81 1.61 0.0632 253 77 289 22 62 9
UG 487 487 | 77.04 11.22 0.83 5.17 1.44 0.11 1.27 1.48 1.40 0.820 188 71 299 23 64 9
UG 497 497 | 71.71 1453 093 5.76 1.61 0.12 1.73 1.89 1.67 0.0859 182 74 322 23 64 9
UG 506 506 | 7352 1436 095 6.03 1.58 0.13 1.28 1.21 0.89 0.0641 145 107 328 26 73 9
UG 516 516 | 70.46 1579 0.86 6.12 1.93 0.09 1.78 1.45 1.46 0.0809 205 94 1335 30 69 13
UG 526 526 | 71.23 15.07 0.92 6.33 1.80 0.14 1.62 1.47 1.36 0.0693 213 130 319 26 69 14
UG 536 536 | 74.14 1422 0.83 4.97 1.55 0.09 1.62 1.27 1.26 0.0846 110 79 331 18 69 12
UG 546 546 | 70.76 16.07 0.92 6.84 1.90 0.13 1.02 0.92 1.40 0.0555 197 99 269 24 77 12
UG 556 556 | 67.73 1753 0.92 7.44 206 0.13 1.46 1.17 1.47 0.0827 178 121 303 28 74 13
UG 566 566 | 68.77 16.27 0.93 8.08 1.89 0.16 1.25 1.24 1.33 00852 196 140 301 33 74 13
UG 576 576 | 7292 1552 090 6.11 1.76 0.06 0.86 0.69 1.14 0.0448 162 119 246 25 80 14
UG 586 586 | 69.96 16.84 0.98 6.90 1.96 0.05 0.94 0.92 1.39 0.0809 157 141 261 23 78 13
UG 620 620 | 68.16 17.26 099 7.19 2.02 012 1.44 1.29 1.47 0.0675 193 124 381 27 73 13
UG 630 630 | 76.99 13.06 0.78 4.76 1.39 0.05 0.98 0.91 1.04 0.0457 103 60 248 18 75 1(
UG 640 640 | 7757 1270 0.79 4091 1.33  0.07 0.85 0.81 092 0.0876 102 125 237 21 77 14
UG 650 650 | 81.51 10.30 0.72 4.50 1.17 0.11 0.72 0.36 0.55 0.0535 95 82 195 28 80 14
UG 660 660 | 7545 1331 092 6.14 1.62 0.21 0.91 0.66 0.74 0.0483 203 104 261 28 79 1]
UG 670 670 | 76.08 13.19 097 6.21 1.62 0.11 0.66 0.50 061 0.0858 162 99 230 24 83 12
UG 680 680 | 75.15 13.96 0.97 5.98 1.82 0.11 0.79 0.56 0.60 0.0852 182 121 263 23 82 13
UG 795 805 | 68.75 17.30 0.99 8.27 1.81 0.12 1.04 0.83 085 0.0819 173 131 314 27 81 14
UG 815 815 | 66.09 18.07 1.01 9.25 224 0.19 1.14 1.01 092 0.0803 245 179 300 29 79 14
UG 825 825 | 68.73 1651 0.94 8.04 214 0.15 1.36 1.17 090 0.0810 188 148 367 33 75 14
UG 835 835 | 73.33 1432 085 592 1.56 0.04 1.56 1.39 094 0.0961 156 105 348 26 70 9
UG 845 845 | 7835 11.26 0.67 3.81 1.07 0.06 2.06 1.65 0.98 0.0837 80 67 371 19 60 5
UG 855 855 | 7753 11.65 059 3.45 1.11 0.08 2.25 2.18 1.11 0.0848 109 49 442 18 57 5
UG 865 865 | 75.88 1239 0.60 3.62 1.17 0.04 2.45 2.50 1.28 0.0639 95 59 419 18 55 4
UG 875 875 | 7480 12.64 0.64 3.35 1.27 0.04 2.93 2.81 1.44 0.0801 125 51 450 16 52 3
UG 885 885 | 75.94 12,01 065 3.13 1.21 0.04 2.86 2.84 1.27 0.0653 102 79 408 17 52 3
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Sample Depth] SiQ Alb,O; TiO, FeO; MgO MnO Ca*O Na*,0 K,O0 P,0Og Ba Cr Ni Sr Y CIA LOI

UG 895 895 | 80.27 10.43 0.47 2.76 0.95 0.03 2.05 1.96 1.04 0.0584 53 42 337 15 56 4
UG 908 908 | 78.26 11.04 055 3.04 1.10 0.03 2.49 2.23 1.20 0.0632 81 52 365 19 54 3
UG 1005 1010| 78.78 12.18 0.83 4.93 1.20 0.09 0.77 0.74 045 0.0868 144 88 1917 29 80 1(
UG 1020 1020 77.09 1342 096 554 1.31 0.11 0.56 0.63 0.37 0.0246 163 151 148 27 85 13
UG 1030 1030| 77.04 13.23 096 5.83 1.25 0.11 0.59 0.64 0.33 0.0309 162 98 153 29 84 1]
UG 1040 1040| 76.86 13.70 0.98 5.73 1.24 0.13 0.60 0.40 0.35 0.0236 224 97 157 32 87 1(
UG 1050 1050 | 76.73 13.78 1.02 5.82 1.20 0.16 0.57 0.30 0.38 0.0802 238 92 172 31 88 1]
UG1060 1060 | 74.32 15.19 1.13 6.37 1.37 0.18 0.75 0.26 042 0.0922 263 112 207 46 87 11
UG 1070 1070| 73.06 16.02 1.13 6.57 1.38 0.28 0.66 0.37 049 0.600 218 102 213 48 87 1]
UG 1080 1080 | 73.52 1562 1.06 6.50 1.33 0.28 0.68 0.50 048 0.2894 248 105 207 36 86 1
UG1190 1190| 7424 1518 1.00 6.14 1.27 0.13 0.81 0.60 0.59 0.0807 232 91 257 31 83 12
UG1200 1200 | 7458 14.66 0.97 5.96 1.24 0.09 0.96 0.75 0.76 0.0832 225 85 281 30 79 1(
UG1210 1210| 76.18 1390 0.95 5.42 1.08 0.15 0.85 0.80 064 0.0426 209 86 219 27 80 9
UG1230 1230 | 78.21 12.77 0.89 4.84 094 0.11 0.92 0.63 065 0.0831 149 76 223 26 79 8
UG1250 1250 | 77.86 1296 0.93 4.78 0.92 0.06 0.97 0.70 0.78 0.0439 215 63 234 23 77 8
UG 1270 1270| 84.28 9.13 0.61 3.12 0.63 0.04 0.71 0.68 0.75 0.0861 118 42 221 16 74 6
UG1285 1285] 85.84 8.18 049 251 0.49 0.02 0.95 0.68 0.81 0.0259 116 34 215 14 69 5
UG 1305 1305 84.38 9.10 0.60 2.86 0.57 0.03 0.94 0.73 0.76 0.0237 118 37 210 14 71 6
UG1325 1325] 85.23 8.68 0.63 2.78 0.55 0.03 0.70 0.60 0.76 0.0205 124 64 199 14 74 7
UG 1345 1345| 8492 8.72 0.66 2.85 0.58 0.02 0.88 0.60 0.74 0.0814 107 35 230 16 72 6
UG 1430 1430| 81.60 11.09 0.86 4.61 0.88 0.13 0.23 0.13 0.42 0.0661 171 67 161 25 91 12
UG 1450 1450 | 82.27 10.45 0.83 4.12 0.79 0.14 0.70 0.24 0.44 0.0296 161 59 151 23 83 1(
UG 1470 1470 | 8250 10.15 0.78 4.27 0.68 0.18 0.58 0.30 0.53 0.0268 144 59 163 18 83 9
UG1490 1490 | 81.37 11.00 0.81 3.99 0.71  0.07 0.76 0.60 0.69 0.0387 136 55 193 17 78 9
UG 1510 1510 80.72 11.35 0.84 4.07 0.68 0.09 0.79 0.62 0.81 0.0201 181 57 203 15 77 7
UG1605 1605| 83.84 9.30 0.85 3.33 0.54 0.03 0.69 0.52 0.88 0.0200 114 50 179 15 75 8
UG1625 1625| 81.68 10.97 0.78 3.74 0.64 0.04 0.80 0.60 0.74 0.0278 164 54 193 15 77 7
UG 1645 1645| 83.76 9.63 0.65 3.37 0.52 0.02 0.75 0.57 0.71 0.0266 152 71 191 14 76 8
UG1665 1665| 82.40 10.77 0.74 3.60 0.63 0.03 0.70 0.49 0.63 0.0341 196 49 187 14 80 8
UG1685 1685]| 85.85 8.47 0.67 3.18 0.48 0.03 0.54 0.31 0.43 0.0371 141 50 137 14 81 8
UG 1703 1703 | 83.76 9.58 0.74 4.08 0.52 0.02 0.55 0.28 0.42 0.0266 153 45 140 16 83 7
UG 1723 1723| 8399 8.03 0.77 6.26 0.44 0.07 0.25 0.02 0.16 0.0289 214 75 87 23 92 9
UG 1743 1743| 89.07 6.25 050 2.90 0.28 0.04 0.34 0.17 0.44 0.0411 131 37 144 17 82 6
UG 1763 1763| 84.31 890 0.85 491 051 0.09 0.23 0.03 0.14 0.0250 181 64 76 21 93 8

53



Sample Depth] SiQ Alb,O; TiO, FeO; MgO MnO Ca*O Na*,0 K,O0 P,0Og Ba Cr Ni Sr Y CIA LOI

UG 1810 1810| 81.06 10.84 1.03 6.02 0.63 0.06 0.22 b.d 0.14 0.0287 244 70 70 30 95 1d
UG1830 1830] 85.99 8.17 0.64 4.21 0.44 0.36 0.13 b.d 0.12 0.0252 8 165 61 64 39 96 9
UG 1850 1850 | 84.87 9.40 0.81 3.83 055 0.22 0.21 b.d 0.12 0.0448 9 158 60 81 29 95 10
UG1870 1870 | 79.06 13.04 0.92 5.04 0.89 0.17 0.38 0.16 0.32 0.0814 226 82 126 30 91 12
UG 1897 1897 | 7853 13.36 090 5.36 1.03 0.10 0.33 0.06 0.30 0.0832 264 75 110 21 93 13
UG1912 1912 | 78.30 13.15 0.85 547 094 0.35 0.41 0.16 0.33 0.0217 235 84 136 25 91 12
UG 1932 1932 | 7263 16.93 1.06 7.00 1.24 0.16 0.40 0.16 0.39 0.0820 254 93 131 25 92 12
UG 1952 1952 | 76.63 1463 091 5.76 1.12 0.20 0.29 0.15 0.29 0.0249 286 87 108 23 93 12
UG1972 1972 | 74.67 16.26 1.00 5.88 1.24 0.21 0.31 0.12 0.27 0.0826 272 97 121 28 94 14
UG2005 2005] 78.12 13.72 092 5.24 1.15 0.21 0.26 0.06 0.28 0.0338 190 107 134 41 94 13
UG 2015 2015 73.10 16.30 1.09 6.60 1.37 0.11 0.39 0.36 0.62 0.0652 241 89 176 32 89 14
UG 2035 2035| 81.02 11.71 0.89 4.68 0.80 0.06 0.22 0.17 041 0.0846 163 60 68 25 91 14
UG 2055 2055 78.00 1398 1.05 4.91 0.81 0.02 0.27 0.20 0.68 0.0864 196 67 79 24 90 14
UG 2075 2075 82.05 11.63 0.84 4.36 0.44 0.04 0.09 0.09 040 0.0721 190 76 46 30 94 8
UG 2098 2098 | 79.85 1253 090 542 0.42 0.05 0.09 0.07 0.63 0.0%6 112 78 46 33 93 8
UG 2118 2118 | 83.69 10.74 0.77 3.91 0.37 0.02 0.06 0.06 0.36 0.0838 192 68 47 26 95 9
UG 2138 2138 | 83.80 1035 0.76 4.22 0.34 0.03 0.07 0.05 0.32 0.0601 171 65 45 28 95 8
UG 2158 2158 | 81.64 11.60 0.68 4.42 098 0.01 0.20 0.10 0.31 0.0%80 146 45 20 13 93 7
UG 2245 22451 83.76 10.05 0.83 4.48 0.26 0.02 0.03 0.04 0.47 0.064 783 106 100 21 94 8
UG 2265 2265| 81.10 1190 0.84 5.16 0.43 0.02 0.06 0.10 0.35 0.063 174 57 32 16 95 9
UG 2287 2287 7892 11.63 0.76 7.55 0.49 0.26 0.05 0.08 0.22 0.0414 247 78 46 26 96 14
UG 2307 2307 78.76 11.68 0.73 7.11 0.84 0.09 0.16 0.19 0.37 0.0249 272 60 62 16 92 11
UG 2328 2328 | 80.02 12.81 0.74 4.90 0.95 0.02 0.04 0.11 0.35 0.0B9 150 53 38 9 95 12
UG 2348 2348 7790 1225 0.71 761 1.07 0.05 0.11 0.09 0.16 0.0221 179 65 49 14 96 19
UG 2368 2368 | 79.11 12.48 0.68 6.20 1.16  0.02 0.04 0.10 0.15 0.0®%0 125 58 44 9 97 13
UG 2388 23881 81.11 1199 0.74 461 1.03 0.01 0.13 0.13 0.21 0.0a00 215 80 67 13 95 13
UG 2490 2490| 78.48 13.06 0.87 5.22 1.13 0.02 0.44 0.53 0.22 0.0208 237 83 54 13 87 NI
UG 2510 2510 80.12 11.67 0.85 4.95 0.96 0.02 0.46 0.62 0.33 0.0200 212 68 67 16 84 NI
UG 2590 2590| 77.15 1256 0.92 6.37 1.19 0.07 0.56 0.74 041 0.0326 212 94 85 23 82 NI
UG 2760 2760 | 81.77 10.25 0.72 4.74 0.81 0.03 0.80 0.80 0.59 0.0213 149 49 155 29 75 NI
UG 2780 2780 | 84.68 9.45 047 3.43 0.55 0.02 0.67 0.65 0.65 0.0329 138 43 138 15 76 N
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In Unit Il to Il it varies within a narrow rangef @7 and 85 %In Unit IV and bottom
half of Unit V it shows an increase in maximum \ahith ranges from 81 to 89% and
78% to 86%respectively. Above this in top halflgdit VI and in Unit VII it shows a
decrease with range from 66% to 73% and 68% to Bi9pectively. In bottom half of
zone VIII it shows a sudden increase with valueheng as high as 89% .and ranging
between 82% and 88%. On closer examination it seofed that Si variation show a
cyclic nature with higher values near the lowert pdreach Unit that shows a decrease
upward on moving towards the top of the individudits corresponding to the facies
change from channel to floodplain. On comparisdh tine texture it is observed that the
silica variation positively correlates with the \dion pattern of the sand fraction and is
negatively correlated with silt and clay percent@gig 4.2). This would imply that the
coarser fraction is enriched in quartz. As expetheddowncore AlO; content exhibits
antipathetic patterns with that of Si€@ntent and in top 2.7 m, i.e. in zone VIl reaches
value as high as 25%. A); closely follows the depth wise variation trend df and
clay. FeO, MgO, Mn@ P,Os and TiQ show positive correlation with ADs, silt and
clay content and a negative correlation with Si@ithin this general trend MnO
exhibits exceptionally high concentration at vasalepths, 22.8 m in Unit Il, 19.1m and
18.2 m in Unit lll, 14.8 m in Unit IV, 10.7 m inrdt V, 6.6 m in Unit VIl and 2.4 m in
Unit VIII. The depth range where Mn show abnormigihhconcentration is observed to
correspond with the top horizon of each facies rabt®#ge cycle that has undergone
variable degree of Pedogenessis and contain FeMandoncretionary nodules or the
horizons having lateritic pebble. Most of theseizmms are finely laminated and
represent flood plain deposit or deposition undatewin flood plain swamps or lakes
under low energy which got later exposed and undetwdifferent degree of
pedogenesis. The pedogenic layers indicate periothoo-deposition, whereas the
presences of lateritic pebbles indicate increapatiprobably from the local sources that
is the laterite capped Mio-Pliocene sandstone and stone exposed to the immediate
west of the core location in the southern parthef delta. The Fe and Mn nodules are

formed due to the precipitation from the solution.
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N&O, K,O and CaO show a weak but positive correlation Bith, and sand %,
and negative correlation with AD; and silt % in lower part i.e. Unit | to VI, which
corresponds to the Pleistocene deposits, wheraegspier part i.e. Unit VII and VIl they
exhibit negative correlation with SyGnd sand and positive correlation with,®d and
silt (Fig 4.2). This may imply that in zone | to Mle. 28 m to ~8 m depth, feldspar is
dominantly held in sand fraction, whereas in zorleavid VIII it is predominantly in silt

fraction or K and Na are held in clays in addittorfeldspar.

The vertical down core distribution characteristi€drace elements are shown in
(Fig 4.3) Ni, Cr and to some extent Y show deptsemrend parallel to the Al and
opposite to Si. This indicates that these elemam¢sheld in the finer size fraction.
Variation of Sr is seen to follow the trend of G& and K signifying feldspar to be the
phase holding it. Ba shows some resemblance irhdejse variation with Al but with
significant enrichment along some bands. It is tvarbting here that the Ba enriched

band coincides or preceeds bands exhibiting Mrceméent.

Enrichment of Mn indicates deposition from solutidnsharp and sudden change
in solubility of Mn takes place along the oxic-ainterface. Dissolved M in
favored in solution at low Eh values of anoxic watéForce and Cannon, 1988). If
anoxic water front happens to encounter and mi whe oxic water, dissolved Mh
precipitates immediately as MnOx. Hydrogenetic diratjenetic processes are known to
result in Mn mobilization, precipitation and enncént. The Organic matter buried with
sediments is known to create the anoxic oxic bonoesulting in mobilization of M
in part it is decaying anaerobically. The mobilizdd®* whenon moving upward in pore
water crosses the organic zone it meets the oxierwasulting in its precipitation. Thus
often we see relation between the position of dmanatter layer and the Mn
concentration (Roy et al., 2010, Drittrich et @009). When organic matter decays from
top to bottom, the Mn precipitation zones also nsowéh it and thus the Mn enrichment
zone associated with the last phase of organicemd#cay is located at the bottom of
organic zone. Ba gets enriched in organic mattdrthas it acts as a proxy for organic
matter after its decay. Its enrichment in any zorey thus indicate earlier presence of

organic material. Thus the associated enrichmemimfand Ba indicates formation by
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above process. Thus in the present study also weusa bands with Mn and Ba

enrichment showing above relation as proxy for psdé development.
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Figure 4.3: Depth wise variation in concentration of Trace edeis (ppm) For
comparison are plotted the Mean grain size (Mm)( (%), Clay (%), Silt
(%), Sand (%) along with value of CIA in core sedits from Uttrangudi
borehole.

Another method by which Mn may get enriched is dregic, i.e. formed within
the sediments by early diagenesis. In such casbdtiem water and pore water in top
thin layer of surface sediments remain oxic, wheraaoxic conditions prevail in the
subsurface sediments. The anoxic pore water conditin the subsurface sediments
results in dissolution and mobilization of Mn whioh moving upward encounters the
oxic porewater near the surface sediments whereggds continuously precipitated and
enriched. The second scenario fits better in cdsmevMn enrichment is not associated

with Ba enrichment.
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4.2.1.5 Interelemental relationship:

As expected Si@in Uttrangudi core sediments exhibit strong negatiorrelation with
almost all the major and trace elements (Ti, Fe, KigNa, P, Ni, Cr and Y) except Ca,
Mn, Ba and Sr with which it exhibits lower degreé regative correlation (Table
4.3).The elements that have strong negative ctioelavith SiG on the other hand
exhibit strong positive correlation with Ab;. The elements such as Ca, Mn, Ba and Sr
which are having lower negative correlation witlogexhibit lower positive correlation
with Al,O3 Thus SiQ and AbO;3 are found to control the first order variationniajority

of elements. The lesser control of above on Mn Badis primarily because of the
addition of these elements by secondary sourcedisasissed above. Good positive
correlation among Ca, Na, K and Sr indicate themtiml by feldspar. Poor negative and
positive correlation of Ca and Sr with Si@nd ALO; respectively may be due to
weathering variability. The differential breakdovah calcic feldspar may lead to its
presence both in coarser and finer fraction and atiable losses of Ca and Sr at
different times. Good positive correlation of,8k with K,O and moderate correlation
with N&O indicates that feldspar (sodic and pottasic) muodcovite are reduced in size
and are dominantly fine grained. The strong coti@laamong Fe, Mg, Ti, Ni and Cr
suggest that these elements are held in mafic algdturther their good correlation with
Al,O3 and mud percentage indicates that they are hefohen fraction. Similarly good
correlation of FOsand Y with ALOzand mud suggest their enrichment in finer fraction.
SiO, exhibit positive correlation with sand and negatoorrelation with mud suggesting
that the quartz is dominantly held in coarse fracttiThus we observe that the mafic
minerals and even feldspar are fine grained andotlezall variation in chemistry is
influenced by process of fluvial sorting except &ements such as Mn, Ba, Ca and Sr.

The latter group of elements are influenced by sdany modifications.
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Table 4.3Correlation matrix for major and trace element @mation and CIA of sediments from Uttrangudi ihaie

Si0, Al20; TiO, Fe,0; MgO MnO Ca*O Na*,0 K,0 P,0; CIA Ba Cr Ni Sr Y Clay(%) Silt(%) Sand(%) Mud Mean
1.00

-0.98 1.00

-0.73 0.75 1.00

-0.94 094 0.77 1.00

-0.92 0.88 0.66 0.83 1.00

-0.43 043 052 048 041 1.00

-0.44 032 0.05 0.16 047 0.00 1.00

-0.68 0.58 0.25 0.45 0.66 0.07 0.81 1.00

-0.81 0.73 043 0.63 080 0.24 0.72 0.83 1.00

-0.73 0.69 049 066 067 0.19 033 0.71 063 1.00

0.25 -0.12 0.11 0.03 -0.34 0.12 -092 -0.77 -0.68 -0.27 1.00

-0.26 0.25 0.32 0.23 0.28 036 0.14 0.14 0.18 0.09 -0.08 1.00

-0.71 0.73 066 0.77 055 036 000 035 044 061 0.12 0.14 1.00

-0.91 091 0.71 092 0.79 044 0.26 046 0.65 057 -006 0.19 0.72 1.00

-0.37 029 0.10 0.17 048 0.07 0.72 055 0.59 022 -066 0.19 0.03 0.22 1.00

-0.77 0.78 0.72 0.79 063 061 0.15 036 050 051 0.03 030 0.64 081 0.17 1.00

-0.57 059 052 0.57 051 033 015 0.18 0.46 0.19 -0.02 024 035 063 020 051 1.00

-0.61 060 054 0.62 061 0.28 009 031 044 048 001 0.14 0.52 057 014 041 043 1.00

0.68 -0.68 -0.60 -0.69 -0.66 -0.33 -0.12 -0.31 -0.50 -0.46 0.00 -0.19 -0.54 -0.66 -0.17 -0.49 -0.65 -0.97 1.00

-0.68 0.68 060 0.69 066 033 012 031 050 046 000 0.19 0.54 066 0.17 049 0.65 0.97 -1.00 1.00
0.52 -0.49 -035 -0.47 -0.53 -0.18 -0.25 -0.41 -0.48 -0.40 0.16 -0.09 -0.35 -0.47 -0.23 -0.24 -0.42 -0.79 0.79 -0.79 1.00
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4.2.2 Porayar Borehole:

Another core discussed in the present study hass taken from Porayar, located
north of the axial part of the delta. The coringe 38 only 2 km inland from the present
coastline along the Bay of Bengal. A 26.5 m deege avas recovered from the above
location. The bottom ~7 m of the core is believedé¢ of Mio-Pliocene age over which
the unconformably lie the 20 m section of sedimeméposited mainly during the
Holocene period (Fig 4.4 & Table 4.4). The unconfity suggests erosion of coastal part
in this region up to ~20 m depth during the pexbtbwer sea level. The bottom ~7 m is
consolidated to semi consolidated sediments. Thieddoe part of the section shows
both marine and fluvial signature. For most of thart the Holocene section is
characterized mainly by dark grey to black colomdanic rich mud to fine sand
sediments that contains microfossils, mainly forafara, along with some marine mega
fossil shells except near the top where fossils aogent. The sand fraction contains
grains mostly of size up to fine sand. The san@gearbetween 0 and 80%, whereas silt
ranges between 18% and 98 %. Clay in the overallicse is less than 16%. The
Holocene section of the sediments from this coiefesred to have been deposited in an
estuarine/bay setting during the period of sealleige after the last glacial maxima
(LGM) (Singh et al., 2013).0n the basis of textaral color the Porayar core has been

divided into 6 units.

Unit I: The bottom ~7m (26.5 m to ~20 m) of the core idieat as older sequence
(Mio/Pliocene or Creataceous) is made up of congohctand stone with fossil
impression and pebble beds and is overlain by cotegeclays. The bottom 26.5 m to
22.6 m of this unit constitutes reddish sandstdhe. overlying mud stone is yellowish in
color and highly compacted. The top of this marksuaconformity over which later
deposition resumed only during the end of Pleistecand continued through the

Holocene.

Unit Il: The bottom of this unit contains thin band of s#mat rests unconformably over
Mio/Pliocene or Creataceous sedimentary rocks. Bhisllowed by 1.4 m (18.25 m to
19.65 m) thick well laminated brown to grey mudttbantains predominantly silt and

minor amount of clay and sand.
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Radiocarbon Age
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Figure 4.4 Bore hole lithology and stratigraphic position afliocarbon dated level for
Porayar (PR) core from central marginal part ofalplain

* Radicarbon dates after Srikanth (2012)
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Unit lll:  The bottom 1.3m (16.95-18.25 m) of this unit isd@aip of grey to brownish
colour mud to silty sand unit that contains dispdrsalcrete nodules. The AMS
radiocarbon date obtained at 17.6 m is 10, 53@ByPs This is overlain by ~2 m thick
band (16.95-15.0 m) of brown to dark grey siltydsamit. This unit is overlain by 1m
thick unit (~15 m — 14 m) of greyish black pebbhdasilty sandstone. The environment
appears to be lagoonal or intertidal at the begmmf this unit that probably gradually

got submerged and transformed towards estuarine.

Unit IV: Above the above unit i.e. from 14 m (~6000 calyPB up to ~8.0 m (3820
calyr B.P.) depth, the sediment show gradual irsgeaf silt and clay percentage with
corresponding decrease of sand percentage. THoharontains intermittent thin layers
of silty sand unit of 3 to 4 cm thickness. This Usidark greyish black in colour, rich in
organics and exhibit presence of benthic microfessi estuarine affinity. It indicates
increase in water depth of the depositional envirent probably because of sea level rise
during this time Banerjee P.K., (2000). This maywéded to better preservation of

organics in bottom sediment due to anoxic conditiondeeper water.

Unit V: From 8m upward (from 3820 yr B.P.) upto ~ 5 m #depthe sediment starts
showing coarsening upward sequence that may beessith of shallowing of estuary due
to gradual aggradation and progradation resultiig facies change. The sediments in
this unit also are rich in organic material impagtit black/greyish black colour and also

contains microfossils including benthic foraminder

Unit VI: This unit (5 m to 1.5 m) probably marks the lasiges of estuary filling as
indicated by sandy nature of the sediments thafjesstg increase in energy condition.

The horizon above this is identified as dumped medtand is not considered.
4.2.2.1 Porayar Major and Trace elements

The Porayar core has been analyzed for chemicapasiton up to 24 m depth
and the results for the major and trace elemergspagsented in (Table 4.5). SiO
concentration in Porayar sediments ranges from%@a® 80.31% with an average of

69.6%, except the top most sample which shows 9%.13
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Table 4.5 Major (%) and trace (ppm) element concentratapag with CIA of Porayar borehole sediments fi@auvery delta.

Sample | Depth(cm) | SiO, AlLO; TiO, Fe,0; MgO MnO Ca*O Na*%»0O K,O P,Os Ba € Ni St Y CIA
PR 153 153 90 6 02 11 05 001 1.0 08 07 008 217 34 26 128 4 59
PR 176 176 74 14 04 34 13 003 24 24 22 041 638 117 75 339 14 57
PR 199 199 73 14 05 39 14 003 23 24 23 032 614 131 77 329 14 57
PR 283 283 75 13 04 27 13 003 26 27 22 025 684 105 84 38 12 53
PR 306 306 72 14 05 35 16 003 2.7 28 22 035 648 119 80 376 14 54
PR 329 329 74 14 05 34 13 004 26 23 1.9 007 595 80 31 343 12 57
PR 403 403 74 15 02 18 09 003 3.0 29 21 033 702 56 20 405 7 54
PR 426 426 75 14 02 15 08 003 26 28 20 028 779 52 68 466 6 55
PR 449 449 73 14 05 27 14 005 3.3 28 1.9 0.19 737 112 72 465 13 52
PR 525 525 66 17 06 57 23 008 3.0 25 2.0 042 647 180 99 406 23 60
PR 548 548 61 20 08 74 29 009 28 24 23 033 566 231 120 351 25 63
PR 571 571 69 16 05 44 20 006 3.1 26 21 037 701 145 97 444 18 57
PR 645 645 67 17 06 54 23 008 3.0 24 21 055 648 174 98 412 20 60
PR 668 668 62 20 08 80 29 010 22 1.6 21 048 516 240 121 309 28 69
PR 691 691 65 19 06 59 23 008 26 22 21 043 592 203 118 375 22 64
PR 775 775 63 19 08 70 25 010 2.6 20 22 0.7 538 199 107 332 23 65
PR 803 803 56 23 1.0 111 3.4 015 13 11 25 017 350 301 140 197 36 77
PR 831 831 56 23 1.0 113 35 015 13 11 25 018 368 297 141 207 37 77
PR 842 842 65 19 08 88 27 012 11 1.0 19 010 340 327 123 196 31 76
PR 865 865 58 20 11 112 39 017 08 0.6 25 0.19 28 300 127 171 36 80
PR 898 898 62 19 09 73 28 010 2.6 20 26 013 520 206 111 351 26 64
PR 945 945 62 20 09 87 31 010 19 14 24 014 431 219 121 289 24 70
PR 973 973 67 17 09 66 24 007 2.0 1.8 23 009 516 204 104 328 23 66
PR 1001 1001 70 16 07 53 18 006 2.6 20 1.9 009 510 128 49 327 16 61
PR 1029 1029 80 11 05 29 13 006 1.8 13 10 013 562 98 67 329 12 63
PR 1057 1057 63 20 08 86 33 012 17 11 20 005 329 193 81 230 20 73
PR 1170 1170 72 15 06 52 19 005 1.7 1.3 20 009 492 147 82 297 15 66
PR 1198 1198 63 20 08 84 31 006 17 11 19 005 340 180 73 249 20 74
PR 1226 1226 76 14 06 43 17 004 1.7 12 1.0 010 504 138 81 306 14 69
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Sample Depth(cm) SlOZ Al 203 TlOZ Fezog MgO MnO Ca*O Na*zo Kzo P205 Ba Cr Ni Sr Y CIA
PR 1249 1249 66 18 0.8 7.4 2.8 0.07 1.9 1.1 1.8 005 374 158 60 276 17 71
PR 1279 1279 77 13 0.5 3.1 1.2 0.05 2.1 1.7 1.9 004 565 90 65 354 13 59
PR 1328 1328 74 15 0.6 3.7 0.9 0.03 2.5 2.4 1.6 004 591 93 28 342 12 59
PR 1351 1351 78 13 0.5 2.8 1.0 0.04 2.2 1.7 1.0 010 631 98 76 355 13 62
PR 1423 1423 72 15 0.7 3.9 1.3 0.04 3.1 2.3 1.6 0.03 658 144 52 426 19 57
PR 1453 1453 72 15 0.7 3.3 1.3 0.04 2.8 2.2 22 003 645 132 45 442 23 58
PR 1483 1483 73 14 0.6 3.8 1.3 0.04 3.1 24 1.6 004 693 135 56 479 23 56
PR 1573 1573 72 15 0.7 4.0 1.5 0.05 3.3 25 1.7 0.05 709 138 58 451 20 55
PR 1603 1603 71 16 0.7 4.2 1.5 0.05 3.3 2.5 1.7 0.07 631 121 114 412 24 57
PR 1643 1643 74 13 0.7 3.9 14 0.05 3.1 2.2 1.5 0.07 679 153 109 443 23 55
PR 1683 1683 74 13 0.7 3.7 14 0.05 3.3 24 1.6 0.04 653 129 45 415 19 53
PR 1718 1718 80 9 0.5 2.6 1.0 0.06 1.8 2.6 17 006 580 90 27 28 14 50
PR 1753 1753 72 11 0.5 3.8 1.6 0.07 8.6 1.2 14 0.06 462 101 48 291 16 67
PR 1785 1785 74 13 0.6 4.7 1.7 0.14 2.0 1.5 22 004 646 146 57 307 22 61
PR 1833 1833 62 20 0.9 8.8 3.0 0.06 1.0 1.0 23 014 408 279 108 211 26 77
PR 1863 1863 63 20 0.9 9.2 2.7 0.07 1.1 1.2 23 005 548 271 103 256 35 76
PR 1893 1893 64 20 0.8 8.0 2.5 0.10 1.0 1.4 23 009 393 230 92 239 25 75
PR 1923 1923 65 19 0.8 6.7 2.1 0.07 1.8 1.9 24 006 462 200 77 290 23 68
PR 1953 1953 69 17 0.7 4.5 1.5 0.06 2.2 24 24 005 549 208 54 354 16 62
PR 2170 2170 79 12 0.5 3.9 1.2 0.02 1.5 1.4 1.2 0.02 307 120 38 240 12 65
PR 2348 2348 70 14 0.7 5.1 1.7 0.04 3.8 2.5 1.7 0.04 473 191 70 329 21 58
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The top ~ 4.5 meters show higher concentrationiOf @ith an average of more than
75%. This is expected as the top portion of the @antains higher percentage of sand.
The ALO; also shows variable range from 5.5% to 22.9 % waithaverage of 16.0 % in
the sediments. The other major oxides like CaO*d@asilicate ) ranges from 0.8% to
3.77% at an average of 2.26%; FgQfoncentration ranges from 1.07% — 11.26 % at an
average of 5.37 %; MgO ranges from 0.52% to 3.8t%n average of 1.94 %; MnO
ranges from 0.01to 0.17 % at an average af0.0»0s ranges from 0.02% to 0.55%
with an average of 0.15%; TiJanges from 0.16% to 1.07% with an average 0.65%;
K20 ranges from 0.71% to 2.56% with an average d4%. and NgO ranges from
0.63%- 2.94 % with an average of 0.63 %.

Similarly among trace elements Ba ranges from 24m po 779 ppm with an
average 540 ppm, Cr ranges from 34 ppm to 327 ppanaverage of 163 ppm, Ni
shows range of 20-141 ppm at an average of 79 forapncentration ranges from 128
ppm to 479 ppm at an average of 331 ppm, Y ranges # ppm to 37 ppm with an
average of 20 ppm (Table 4.5)

4.2.1.2 Down core variation of chemistry in Porayacore:

The depth wise variation in chemistry is preseredFig 4.5) and divided into VI
Units (I to VI from bottom to top). The depth wisencentration of silca show higher
abundance in zones I, lll and VI, whereas Al, Fg, Mn and Ti show lower abundances
in these zones, although with variation withinTihe opposite trend of these elements
with respect to Silica is similar to the relatiomserved in Uttrangudi borehole sediments.
It implies that the variation in their concentratiis primarily due to the dilution effect of
quartz. Further on comparison with texture, itiabserved to have exerted its control
on the chemistry as also observed in sediments ftinangudi core. The zone having
higher sand percentage and, lower silt and clagwdhigher abundance of Si and lower
abundance of above elements. On the contrary theszioaving higher percentage of silt
and clay, and lower sand percentage, show highsreraration of above elements (Al,
Fe, Mg, Mn and Ti) except silica. The observed @ation of silica with sand
percentage, and of Al, Fe, Mg, Mn and Ti with siftd clay would indicate that the sand
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is having higher percentage of quartz, whereasraic minerals such as pyroxene and
amphibole along with other clay minerals consgisuthe finer fractions. Thus to the first
approximation the major control over the concergrabf Si, Al, Fe, Mg, Mn and Ti is
probably due to variation in texture because oédele sorting of mafic minerals and
quartz in finer and coarser size fractions respelgt NaO, CaO and to a great extent
K>0 show behavior similar to Sy&uggesting that feldspar in Porayar sedimentslace
mostly hosted in sand i.e. they constitute the smyafraction. This is similar to the
relation observed in Pleistocene sediments frommabigudi core albeit with different
concentration, and is unlike the Holocene sedimehtdttrangudi borehole where major
feldspar population is observed to reside in fiaed exhibit behavior similar to ADs.
The similarity in variation pattern of Fe, Mg anchMuggest that they are held in similar

mafic minerals or different minerals having simitg/drodynamic behavior.

Among the trace elements the variation trend in@tiand Y correspond to the
variation pattern of Al, Fe, Mg, Mn and Ti, indica that these elements are held in
mafic and clay minerals (Fig 4.6). Ba and Sr arseoled to exhibit similar variation
pattern and their similarity with the variation fgah of Na, Ca and K suggests that these

elements are also held in feldspar.
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4.3 Discussion:
4.3.1 Geochemical Classification:

The chemical composition of sediment depend onsthece rock composition,
degree to which the clastic material has alterauthdiuthe processes of weathering, the
hydraulic differentiation during transportation atite environment in which it gets
deposited (Bhatia, 1983; Taylor and McLennan., 198fonkiewicz and Condie, 1987;
Cullers et al., 1988; Nesbitt and Young, 1996; atlp and Rajamani, 1999, 2007; Singh
and Rajamani, 2001a, b; Singh, 2009). With increasmaturity the sediments tend to
increase in quartz at the expense of feldspar,cmafinerals and lithic fragments in the
Riverbed sediments and at the same time the suspgdodd gets enriched in clay and
more weatherable minerals, mostly the mafics. Theva processes lead to increase of
SiO, in River bed sediments at the expense of Na, KAG&e, Mg, Mn and other trace
elements. The opposite is true for suspended loddtee floodplain deposits that result
from their deposition. The above changes effectsrittios of some elements such as
SIO/AI, O3, N&O/K,0, FeOs/K,0 and FgOs/SiO, that are used as an indicator of
sediment maturity (Pettijohn et al., 1972; Herrd®88). The Si@Al,Os ratio reflects the
abundance of quartz as well as clay and feldspatent (Potter, 1978). With increased
maturity the SiQ/Al,Ozratios tend to increase, whereas@£SiO, and ALO3/SIO, ratios
decrease. Most of the Uttrangudi borehole sedimplatsin litharenite and subarkosic
field of log Na&O/K;0 vs. SiQ/Al, 05 diagram of Pettijohn et al., (1972), except fow fe
sediments from greater depth that plot in arkomtdf(Fig 4.7a)The sediments from
depth upto ~16m depth plot within a narrow rangdogf NaO/K,O but exhibit higher
range of SiQ/Al,Os. This suggests that the variation in their sprgaiostly controlled
by variation in quartz and clay as a result of ingrt The sediments that are fine plot
towards the lower SigAl,O; value and the coarser ones have higher, whereas th
unsorted sediments lie in-between. The sedimems fgreater depth plotting in the
arkosic field have lost higher amount of Na i.edengone greater degree of plagioclase
weathering. In comparison all the sediments fromafar plot in the litharenite field and
are poorly sorted (Fig 4.7b). The above observatioggests that the sediments are

immature.
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In log SiQ/AI,O3vs. logFeOs/K,0 diagram of Heron (1988), the sediments from
Uttrangudi borehole plot in the field of Fe-sand&t@nd Fe-shale, whereas the Porayar
sediments plot below the Uttrangudi sediments énfigld of wacke and shale(Fig 4.7¢ &
d). The Uttrangudi sediments show higher variatiothe FeO/KO ratios, with higher
ratios in deeper sediments below 16 m depth. Tiyhehi FeO/KO ratios in deeper
sediments from Uttrangudi borehole inspite of thegher silica percentage rule out the
influence of sorting. The higher ratio is probaltlgcause the combined effect of Fe
addition due to early diagenetic processes whefabynay have got added from the
solution as indicated by higher mottling seen edisients from this zone and higher

degree of weathering exhibited by their lower Nd Krnconcentrations.
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Figure 4.7: Plot of all the sediments in Log Ma/K,O vs Log SiQ/Al, O3 diagram for(a) Uttrangudi andb) Porayar core
sediments ( after Pettijohn et al., 1972). Ploalbthe sediments in Log FeO/& vs. Log SiQ/Al,O3 diagram for(c)
Uttrangudi andd) Porayar core sediments (Herron, 1988). Note that mibthe samples from Uttrangudi core fall in
litharenite and subarkosic field while the Poragamples fall in litharenite field. In .Herron (198®e Uttrangudi
sediments fall in the field of Fe-sandstone, Fdeslad greywacke area where as the Porayar sedirplaitin the

field of wacke suggesting towards diagenitic enmieht of Fe & greater loss of K in Uttrangudi seditse

71



4.3.2 Spatial and temporal variation in weathering:

The sediments from both the bore holes have beeapgd as silty and sandy
based upon their mean size for comparison of ttiemistry with the composition of
upper continental crust (UCC) to understand th&uémice of weathering, sorting and
diagenetic changes. On normalizing the average ositipn of major and trace elements
in silty and sandy sediments with that of the U4 (4.8), it is observed that the sandy
sediments of Uttrangudi borehole show greater eligm of the mobile elements such as
Ca0, MgO, kO, NgO and Sr in comparison with the silty sedimentsemghs Si@
exhibits enrichment. The depletion of these eles@ntboth sandy and silty sediments
indicates their loss due to weathering. The obskragiation in depletion among silty
and sandy sediments is inferred to be due to teatgr dilution by silica in sand, and at
the same time suggests higher concentration ofsgeld in silt. Similar or higher
concentration of Fe, Mn, Ti, Ba, Ni, Cr and Y imngparison with the UCC, both in case
of sandy and silty sediments, although with diffen@agnitude, suggest their addition or
residual enrichment.

When we consider the average of Holocene sedinfemits Uttrangudi core we
observe that it differs from above in respect to, M@, Na, K and Sr. The Holocene
sediments show lower depletion of above set of taaddements, whereas Mg shows an
enrichment. If we consider the silty sediments olddene period separately, the above
element show still lower depletion, indicating thatlike the Pleistocene sediments the
feldspar in Holocene sediments of this core isguemtially enriched in silt fraction and
is less weathered.

In Porayar borehole both sandy and silty sedimsimbsv depletion of Ca, Na and
K in comparison to the UCC suggesting their lose da weathering. Unlike the
Pleistocene sediments of Uttrangudi borehole, theayar sediments exhibit higher
concentration of Ca, Na and K in the sandy sedimenggesting higher percentage of
feldspars constituting coarser fraction. Similahdéor of above elements is observed in
the Holocene sediments of Uttrangudi borehole. & @i in this core show enrichment
in silty sediments and similar values in sandy sedits in comparison to UCC. Fe, Mg,

Mn also show enrichment in silty sediments, wherdasy are depleted in sandy
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sediments compared to UCC. This suggests that #fec mminerals or their weathering
product are preferentially concentrated in silt alay fraction. Depleted values of Fe and
Mn in Porayar sandy sediments contrast with thahefsandy sediments from Uttrangudi
location where Fe was found to be almost similad@C and Mn to be enriched in the
sandy sediments. We have in earlier section obdehat Fe and Mn have got added by
secondary diagenetic process in Uttrangudi sedsnémhong the trace elements, Ni and
Cr show enrichment both in silty and sandy sedisiemtPorayar core similar to that
observed in Uttrangudi sediments. Ba and Sr exMibhavior similar to Ca and Na
suggesting their control by feldspars. Y shows eotr@ation similar to UCC in silty

sediments, whereas it is depleted in sandy sedgnent

Overall we may be able to conclude that the Plegste sediments of Uttrangudi
are different in their chemistry compared to théddene sediments of the same core and
the Porayar core. The major difference is in teahsobile elements. In contrast, the
Holocene sediments of Uttrangudi and Porayar stamesvhat similar character. Further
reduced loss of mobile elements in Holocene sedsnehboth location compared to
Pleistocene sediments suggest that the Holocenenaeid are weathered to lesser

degree.

To explore further into the difference and similarin weathering of sedimets
from the two locations and of different time periagt have calculated a parameter
known as chemical index of alteration (CIA) thatused to quantify the degree of
weathering of soils and sediments (Nesbitt and gal@82., 1984). CIA is defined as

CIA [= [Al 204/(Al ,03+Ca0*+Na0+K,0)]x100]

where the oxides are in molecular proportions, &aD* is the amount of CaO
incorporated in the silicate fraction of rocks. Wathered igneous rocks have CIA
values close to 50, and reflects cold or arid denavhereas CIA range of ~65 to 80
indicate moderate degree of chemical weatheringei®y weathered sediments have
CIA >80 (Fedo et al., 1996; Hofmann et al., 2008 auch severe weathering is related
to a CQ-rich atmosphere or an elevated surface temperande a humid climate
(Kasting, 1993; Knauth and Lowe, 2003, Nesbitt ¥odng, 1982).
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In the studied cores the CIA values of Uttrangaetiiments exhibit a wide range
from around 52 to 97. The range of CIA indicatest #ediments have been derived from
the source that has undergone moderate to stroggeel®f chemical weathering. The
average CIA value of sediment between 27.8 m t@ @¥vis 91 (range 75 to 97), whereas
between 17 m-10 m it reduces to 82 (range 69 to ®fh)moving upward the average
CIA value further reduces to 75 (range 62 to @4h an exception for sediments
between ~8.5 m to 9 m, which show much lower valwék an average value of 56
(range 51to 60). The XRD results of sediments betw&.5m and 9m exhibit higher
percentage of feldspar conent and are differenin ftbe overlying and underlying
sediments. The sediments from this zone exhibhéigalues of felsic component i.e. Si,
Ca, Na and K and lower values of mafic componesmtshe, Mg, Mn, Ni and Cr. The
reason for such short period change needs to beefuexplored. In general the CIA
values show a gradual decrease from older sedin@gtaunger (Fig 4.2). The sediments
showing higher degree of weathering are of Ple&steage, varying in age between ~3 to
1.93 lakh years B.P., whereas the Holocene sedimehich represent top ~7 m show

comparatively less weathering.

The CIA values of Porayar sediments which represiemtHolocene period for
most of its part ranges from 50 to 80 (Table 4T8)e range of CIA values indicates that
sediments have been derived from the source thatunaergone low to moderate
weathering. The extreme weathering exhibited byltweer section of the Uttrangudi

core is absent in Porayar core.

To explore the changes that have occurred witheasing degree of weathering
we have plotted the sediments of Pleistocene anidceEoe period from Uttrangudi
borehole in the AlD;- CaO* + NaO-K,0 (A-CN-K) triangular plot (Nesbitt and Young,
1984; Nesbhitt et al., 1996) which gives the weatigetrend. Similarly the Holocene
sediments from Porayar borehole are also plottethensame diagram. The A-CN-K
diagram is the plot of molecular proportion of;@, CaO*, NaO and KO. During
weathering, alkali and alkaline earths are releaséd solution, whereas alumina is
preferentially retained in the weathered residua.afid Na rich mineral phases (e.g.,

amphiboles and plagioclase) tend to degeneratdereahan K-rich phases (e.g.,
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orthoclase and micas). Thus, progressive weathefiag igneous rock tends to drive the
composition up and parallel to A-CN join to thehtigon this plot, so that more extremely
weathered rocks will have more aluminous compasstiplotting higher on the diagram.
As weathering progresses and the residue begirsoge K, the composition of the
residue starts moving parallel to the A-K join tods the A apex. Extreme weathering
produces residuals completely depleted in alkali alikaline earths that plot at A = 100
(Kaolinite and gibbsite clays, bauxite). The mapaide data for all the core sediments
and for reference some rocks from source area bhaee plotted in AlO;-CaO* NgO-
K20 (A-CN-K) compositional space (molecular propamshWeathering trends for all
sediments seem to be emanating from the same paoirthe feldspar join, which is

considered to be indication of plagioclase andefddpar ratio in the source rock.

The plot of Pleistocene and Holocene sedimentstofikudi borehole exhibit
trend parallel to the AD;- CaO*+ NaO join (Fig 4.9a & b) in A-CN-K plot suggesting
that the shift in the positions of plot is mainlgdause of mobilization of Ca and Na. In
general the field of plot of Pleistocene sedimdmtish exception of sediments between
~8.5 m to 9 m) shows a greater shift away fromdedd tie line and closer to the ‘A’ end
between CN range of 30-0. This would suggest grdass of Ca and Na in them. In
contrast to the Pleistocene sediments the fieldplot of Holocene sediments lies
relatively closer to the feldspar tie line and betw 40-15 CN value. Similarly the
Holocene sediments of Porayar core lie much clesdeldspar tie line similar to the
Holocene sediments of the Uttrangudi borehole. Qdifference between Holocene
sediments of Uttrangudi and Porayar core is in behaf K as indicated by the gradual
shift of trend line towards higher proportion ofitKPorayar core sediments as the points
move towards the A end. This indicates increaselative proportion of K with increase
in weathering. This may suggest lesser mobilizatidnK in Porayar sediments in
comparison to Uttrangudi sediments. lllite clay erad is present throughout Porayar

borehole which may have lead to greater retentfd€ and their enrichment.
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The relatively lower weathering of Holocene seditsefrom both boreholes
indicated by their overall closeness to the feldsaline in comparison to Pleistocene
sediments leads to suggest as a first approxim#tiainduring the late Mid-Pleistocene

period the climate was more wet and humid in comsparto Holocene.

To further understand the effect of sorting in &ddi to weathering the studied
sediments are plotted in the A-CNK-FM diagram imad) molecular proportion of
Al,03, CaO*, NaO, KO, FeO and MgO. This diagram help in understandimg
weathering and sorting related changes involvingvigebearing minerals (Nesbitt and
Young, 1984; 1089). In the A-CNK-FM diagram (FidLl@a-b) the sediments from the
Uttarangudi borehole exhibit a trend moving awanfrthe CNK end towards the A-FM
join. The plot of samples trend away from CNK-FMéditowards increasing “A” with a
shift towards the A-FM line. The movement away fra@NK & FM indicates
mobilization of Ca, Na, K, Fe and Mg in all suite§ Uttrangudi sediments and
enrichment of Al in finer ones. This is also indexin UCC normalized plot of silty and
sandy sediments of Uttrangudi borehole where saedyments and silty sediments are
seen to show larger difference in their Al contevitereas both sediments show depletion
of Mg, Ca, Na and K . This suggests that the tisra$ a result of weathering.

The plots of Porayar sediments show overall tréemel parallel to the CNK-FM
line with a shift towards the A-FM line suggestinggligible influence of Al.(Fig 4.10c).
The variation in plots is mainly due to the chanmgéhe relative proportion of CNK and
FM, whereas “Al’ has remained same. This would ssgghat the trend is mainly as a
result of varying proportion of feldspar and mafimerals. This is also observed in the
UCC normalized plot of silty and sandy sedimentsrifiPorayar in which Al shows little
variation, whereas both Fe and Mg show larger tiariassuggesting enrichment of mafic
minerals in finer sediments. Also to be noted ighkr concentration of feldspar in the
coarser sediments of Porayar as indicated by lasively higher value of Ca, Na and K.
Thus mineral variation as a result of sorting hasegned the trend line exhibited by
Porayar sediments which is attributed to be procetated, whereas in Uttrangudi

sediments the trend is governed by weatheringreifiee.
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Figure 4.10: A-CNK-FM plots (Nesbit and Young, 1984) f¢e) Holocene sediments of Uttrangyd) Pleistocene sediment
of Uttrangudi core site an(t) Porayar core sediments showing weathering trefmtteg along with UCC,
PASS, Granite Granodiorite and Basalt. The trendenfiments in both Holocene and Pleistocene sedémen
from the Uttrangudi core suggest loss of CNK alarittpy FM. The trend of plots in Porayar sedimentggasts
the effect of sorting.
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4.3.3 Provenance:

The potential provenance for the Uttrangudi andai?ar sediments are the rocks
of Archean age exposed in the catchment area o€Cthwery River. These include the
two major terrains, (i) the northern greenstonenigeaterrain of Dharwar craton (DC)
consisting of granite Gneisses and minor mafic atnoistal rocks and (i) the Southern
Granulite Terrain (SGT) composed of felsic to imediate charnockites that are
transected by several shear zones. The major doess comprise Moyar, Bhavani,
Palghat, Cauvery and Attur shear zones. The chiitesdn the SGT form high standing
hills, whereas the gneisses in Dharwar cratonthadshear zones form the low relief
areas at different elevations.

The bulk composition of the sediments apart frommgburce also depends on the
degree of weathering and later sorting during partation. During the process of
transport and deposition, differential enrichmemd depletion of different elements takes
place in finer and coarser sediments due to thaltaeg mineral sorting. Coarser
sediments in general are enriched in silica andetisghin other elements particularly Al,
Fe, Mg, Mn in comparison to the source due to comaéon of mafic minerals in the
finer size fraction constituting the finer sedingers a result the plot among the ratios of
above elements particularly the immobile elements silica shows a wide linear array
passing through the plot for the source. We inpifesent study as a first step have plotted
the ratio of Al/Si vs Fe/Si of the sediments alamigh the probable source rocks from
different part of the catchment region (Fig 4.11)is observed that the Holocene
sediments from the Uttrangudi show a wider spreddneling towards higher values of
Fe/Si and Al/Si. This is expected as the part efltitrangudi Holocene sediments does
not contain any sand as observed in the earlietiosecOn comparison of plots of
Uttrangudi sediments in the above diagram withpilog of the probable source it is noted
that the Gneisses from the Dharwar Craton do nbtwéhin the linear array of
Uttrangudi sediments and have lower Fe/Si ratibgs Would suggest that they may not
have acted as the source to the sediments. Ortlibeltand the averages of Gneiss and
charnockites from the transition zone between tReadd SGT, Enderbites from Nilgiri

hills, Charnockite and migmatitic gneiss from nerth Madurai Block (NMB) and
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Cauvery Shear Zone from Madurai block domain (CE)yMlot within or much closer

to the trend line of the sediments in figure 4.11.
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Figure 4.11 FeO/SiQ vs ALO4/SiO, ratio diagram of théa) Holocene and Pleistocene
sediments from Uttrangudi core aifd) Porayar sediments along with
various source rock compositions.

This as a first approximation would lead to coneludat various lithologies of the SGT
acted as the dominant source for the Uttrangudiressds, whereas the contribution from
the gneisses of DC from upper catchment was néggigin comparison to the Uttrangudi
sediments the Porayar sediments show a narroweadpn Fe/Si vs Al/Si diagram (Fig
4.11b) suggesting lower degree of sorting and mighenaturity. Unlike the Uttrangudi
sediments the trend line of the plots of Porayaiinsents pass through the Gneisses of
DC in addition to various lithologies from the SGlhis to first approximation would
suggest that they have derived sediments from tkedrsources comprising DC and the
SGT. One thing to note is that instead of followimdinear trend expected due to the
effect of sorting, the Porayar sediments take ailoear trend towards lower Fe/Si
ratios. This may suggest that Fe has got mobilizedome extent in these sediments
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which has led to pulling down of the trend linediog it to pass through the plots of
Gneisses from the DC. The loss of Fe can easixp&ined as the sediments as inferred
earlier have got deposited under water and contairsstantial amount of carbon
(Prayan, personal communication) which may havd teaanoxic condition facilitating
Fe mobilization. Therefore the contribution of D& mferred for Porayar sediments

above may not be true.

Thus to better constrain the source we have fudbed the ratio plots among the
immobile elements. Such plots lead to collapsinghef field of points within a narrow
field as the ratios between the immobile elememetseeally do not get affected by the
sorting if the elements used have similar mineliakdgand size preferences (Frallick and
Kronberg 1997; Singh, 2009). Among the several majements Fe, Ti and Al are
observed to have suffered least degree of mohdizatherefore we have plotted the
sediments along with the probable source rocks efiTiFvs Ti/Al diagram (Fig
4.12a).The plot of sediments in present study shabustering of data points of
Pleistocene sediments from Uttrangudi and Holoseakments from Porayar. Unlike the
above two the Holocene sediments from Uttrangudnaliocluster together, but instead
form a linear array displaying large variation. §hwould suggest that the Holocene
sediments of the Uttrangudi have received inpunfdiffering sources at different times.
On comparison with various lithologies we find thia¢ Gneisses of DC separate out in
this diagram and plot away from the sediments fridttrangudi as well as Porayar
sediments. The sediments from Porayar show an apvenlith the field of plot of
Charnockites and the Gneisses from the transitooie and charnockite from the Cauvery
shear zone/Madurai block, Cauvery shear zone, Kkadal region and Non garnetiferous
charnockite from Nilgiri hills (Fig 4.12b). This wdéd suggest that the SGT rocks have
acted as the major source for Porayar sedimentéikdJiPorayar, the Pleistocene
sediments from Uttrangudi do not show any overl#@h the above mentioned catchment
lithologies and plot towards lower Fe/Ti and higiéAl end.

82



20 1 1 1 1 1 1
= (a)
16 -
fon)
N
Q 12 -
-
~
S 8
LL o ® UG Holocene
~ O UG Pleistocene
4 4 ® o O Porayar
A Peninsular Gneiss (Divakar Rao et al 1999)
V Gnessis Kabaldurga ( Stahel et al 1987)
0 | | | | | | VW Charnokites Kabaldurga ( Stahel et al 1987)
20 V Kabaldurga Gneiss (Allen. et al 1984)
0 (b) % Kabaldurga Charnokite (Allen. et al 1984)
-~ 16 4 @ Charnokites/Gnessis ( CSZ) ( Tomson et al 2006)
N O Charnokites/Gnessis ( CSZ/MB) ( Tomson et al 2006)
_C_) O Garneteferous/Non Garneteferous Enderbites(Raith et al 1999)
t 12 - B Charnokites (NMB) (Plavsa et al 2012 )
O B Migamatic Gnessis (NMB) (Plavsa et al 2012 )
(&)
L 81
4 -
0 T T T T T T

0 2 4 6 8 10 12 14
(TiO2/AI203)*100

Figure 4.12: FeO/TiQ vs. TiGJ/AIO5 ratio diagram comparing th@) Uttrangudi
Holocene and Pleistocene aft) Porayar core sediments (encircled) with
various source rocks.

It is interesting to find that these sediments sloeerlap with the plots of representative
Tertiary rocks exposed west of Uttrangudi locat{fig 4.13). This would suggest that
the source for Uttrangudi was local and it did neteive sediments from the upper
catchment region during the Pleistocene. This apgpeabe true in light of the lower sea
level during the time of deposition of these sediteewvhich would have exposed the
adjoining shelf region (Banerjee P.K., 2000). Thaxmmum depth of sea towards the
southern part of the delta separating it from Smka is 10 m). This implies that during
the time of deposition of these sediments the sag nave retreated much away and
India would have got connected by land with Sriardue to the exposure of low
gradient shelf. Similarly the sea had retreatedheneastern margin exposing the shelf in
this region also. The resulting gradient towardsehstern margin was much greater and
the sea was also nearer in comparison to the southargin of the delta. This would
have lead to the avulsion and migration of theriihstary channels towards the middle

and northern part of the delta abandoning the atlantowing south. Due to above
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reason the supply of sediments from upper catchrmetite Uttrangudi region would
have got cut and it may have received sedimentg fooin the erosion of the Tertiary
rocks exposed towards the S/W of the delta. Theiargrrocks in this part form the
highlands and are highly dissected. Unlike the dRbeene sediments the Holocene
sediments of Uttrangudi shows wider spread and stvevlap with Porayar sediments.
This would suggest that Rivers in this region agseame active during the Holocene
and in addition to Tertiary rocks the region stanteceiving the sediments also from the
upper catchment regions. This is indicated by fhread of the plots from Pleistocene

sediments from Uttrangudi to the Holocene sedimiata the Porayar.
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Figure 4.13: FeO/ TiQ vs. TiG, /Al,O5 ratio diagram comparing the Uttrangudi
Pleistocene sediments with representative Tertsegiimentary rocks
exposed west of Uttrangudi location.

Thus from the above dicussion we may conclude that

0] The first order control over the concentratioret&fments is due to variation
in texture because of selective sorting of mafinemals and quartz in finer

and coarser size fractions respectively.

(i) Higher CIA values, in conjunction with low absolutentents of Sr, Ca and
Na in Pleistocene sediments, reflect an intensedgthered provenance and
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(iii)

(iv)

indicate wetter climate during upper mid Pleistacemhe relatively lower
CIA values with higher Sr, Ca and Na in Holocend@iments indicate
relatively lower weathering and overall reducednfal during Holocene

compared to Pleistocene period.

The bi-variant plot of the immobile major elemeatios (Fe/Ti vs Ti*100/Al)

suggest that the Porayar core sediments and thecélw sediments from
Uttrangudi core have been derived from the mix afious lithologies

exposed in the Southern Granulite Terrain.

Unlike the Holocene sediments the Pleistocene sadsgnfrom Uttrangudi
core appears to have been derived from recyclingestiary sedimentary

rocks exposed towards the west of the core location
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Table 4.1: Textural data (clay, silt, and sand) in (%) of itagudi coreSediments from Cauvery delta.

Sample
Name Depth Mean Clay(%) Silt(%) Sand(%)
UG 6 6 12.7 26.4 71.0 2.6
UG s 8 7.8 26.7 73.3 0.0
UG 12 12 8.5 29.2 70.8 0.0
UG 25 25 11.9 27.8 69.9 2.3
UG 75 75 8.4 22,9 77.1 0.0
UG 83 83 74.0 2.1 50.8 47.1
UG 93 93 8.0 29.6 70.4 0.0
UG 103 103 9.4 26.2 73.2 0.6
UG 109 109 8.3 24.6 75.4 0.0
UG 113 113 95.0 3.1 60.5 36.5
UG 135 135 9.3 26.8 73.1 0.1
UG 136 136 8.8 17.6 82.4 0.0
UG 145 145 7.5 21.8 78.2 0.0
UG 161 161 7.7 21.0 79.0 0.0
UG 175 175 8.3 14.0 86.0 0.0
UG 191 191 9.0 20.3 79.7 0.0
UG 193 193 7.1 16.8 83.2 0.0
UG 227 227 8.5 18.6 81.5 0.0
UG 230 230 10.7 10.2 89.8 0.0
UG 232 232 50.0 2.2 65.6 32.2
UG 240 240 109.3 1.6 45.3 53.1
UG 252 250 9.7 10.3 89.7 0.0
Conti......

86

Sample

Name Depth Mean Clay(%) Silt(%) Sand(%)
UG 260 260 14.3 7.4 91.6 1.1
UG 280 280 11.6 11.7 88.2 0.1
UG 284 284 12.4 16.9 82.6 0.5
UG 290 290 12.5 10.7 87.2 2.0
UG 295 295 505.3 2.6 15.0 82.4
UG 313 313 356.5 4.1 20.2 75.7
UG 317 317 272.0 1.4 26.5 72.1
UG 319 319 450.0 4.1 18.5 77.4
UG 331 331 323.9 3.9 23.4 72.7
UG 339 339 341.8 5.1 31.9 63.0
UG 359 359 254.5 6.3 34.1 59.7
UG 365 365 242.0 8.4 33.7 57.8
UG 369 369 275.5 1.0 26.7 72.3
UG 380 380 297.6 0.8 20.6 78.6
UG 392 392 314.5 0.9 23.3 75.7
UG 394 394 252.3 8.5 37.2 54.4
UG 414 414 233.9 2.3 50.9 46.8
UG 417 417 69.9 10.7 61.7 27.6
UG 425 425 67.8 12.2 61.5 26.3
UG 435 435 284.0 0.8 23.0 76.2
UG 437 437 25.4 9.9 81.3 8.8
UG 449 449 39.2 154 68.4 16.2
UG 451 451 46.4 17.1 64.7 18.1




Sample

Name Depth Mean Clay(%) Silt(%) Sand(%)
UG 457 457 10.5 11.2 87.2 1.7
UG 477 477 91.5 2.3 57.3 40.5
UG 479 479 86.0 11.9 53.0 35.2
UG 495 495 88.9 111 49.7 39.2
UG 506 506 70.3 12.6 57.0 30.4
UG 516 516 69.1 12.7 57.7 29.7
UG 521 521 63.1 12.3 58.6 29.1
UG 526 526 77.6 12.3 54.0 33.7
UG 536 536 77.6 15.4 58.3 26.3
UG 546 546 26.4 18.1 69.2 12.7
UG 556 556 57.9 15.0 59.1 25.9
UG 566 566 100.5 2.9 56.8 40.3
UG 576 576 21.3 17.9 72.1 10.1
UG 581 581 18.1 24.9 66.6 8.5
UG 586 586 42,5 18.7 60.7 20.6
UG 620 620 44.8 16.6 62.2 21.2
UG 626 626 17.7 26.2 72.6 1.2
UG 630 630 97.4 11.9 47.1 41.0
UG 640 640 99.2 12.0 48.7 39.3
UG 641 641 325.8 12.3 33.6 54.2
UG 650 650 113.1 3.1 60.5 36.5
UG 660 660 58.8 16.5 59.7 23.8
UG 670 670 56.1 17.5 59.5 23.0
UG 676 676 18.1 19.5 74.7 5.8
UG 680 680 53.3 16.1 61.3 22.7
UG 805 805 41.1 13.0 69.7 17.3
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Sample
Name Depth Mean Clay(%) Silt(%) Sand(%)

UG 811 811 11.2 14.7 84.3 1.0
UG 815 815 45.1 2.4 71.6 26.0
UG 825 825 63.0 12.5 61.5 26.1
UG 835 835 72.5 2.6 67.9 29.5
UG 836 836 93.2 9.7 49.9 40.3
UG 845 845 179.9 4.6 28.4 67.0
UG 855 855 195.5 3.4 23.0 73.6
UG 865 865 184.9 23 25.6 72.1
UG 866 866 160.4 4.8 29.8 65.5
UG 875 875 200.5 2.6 24.0 73.5
UG 885 885 189.0 1.3 24.0 74.7
UG 895 895 161.4 2.7 31.6 65.7
UG 901 901 279.1 3.4 19.0 77.6
UG 908 908 317.0 2.7 19.0 78.3
UG 1010 1010 28.0 3.9 85.6 10.5
UG 1020 1020 84.0 18.0 51.9 30.1
UG 1026 1026 114.7 23.2 55.3 21.5
UG 1030 1030 86.3 17.2 51.2 31.6
UG 1040 1040 651.7 6.1 17.0 76.9
UG 1050 1050 607.3 6.9 19.1 74.0
UG 1060 1060 820.6 6.5 17.5 76.0
UG 1070 1070 608.7 6.9 19.8 73.3
UG 1077 1077 157.1 20.7 48.9 30.4
UG 1190 1190 94.0 13.9 49.9 36.3
UG 1191 1191 168.2 20.3 54.5 25.2
UG 1200 1195 245.5 2.7 65.6 31.7




Sample

Name Depth Mean Clay(%) Silt(%) Sand(%)
UG 1216 1216 185.8 15.5 40.4 44.2
UG 1220 1220 454.8 5.8 22.9 71.3
UG 1230 1230 431.6 5.6 22.0 72.4
UG 1236 1236 384.9 10.5 28.6 60.9
UG 1250 1250 364.3 5.7 24.3 70.1
UG 1266 1266 364.8 7.7 23.0 69.3
UG 1270 1270 751.8 1.3 6.1 92.6
UG 1281 1281 459.5 3.9 17.3 78.9
UG 1285 1285 480.5 3.5 18.0 78.4
UG 1305 1305 502.4 4.7 17.2 78.1
UG 1311 1311 292.2 4.3 22.9 72.8
UG 1325 1325 388.2 5.1 26.0 68.9
UG 1345 1345 411.6 5.3 26.5 68.2
UG 1346 1346 409.1 4.3 17.6 78.2
UG 1430 1430 63.0 2.1 78.9 19.0
UG 1440 1440 188.8 0.0 12.1 87.9
UG 1450 1450 334.7 8.2 33.8 58.1
UG 1456 1456 239.0 2.1 78.9 19.0
UG 1486 1486 284.0 8.3 29.3 62.3
UG 1490 1490 335.6 6.1 31.7 62.3
UG 1500 1500 88.9 12.6 51.1 36.4
UG 1510 1510 210.7 1.8 46.8 51.4
UG 1520 1520 84.1 5.0 49.2 45.8
UG 1521 1521 285.0 7.2 30.1 62.7
UG 1621 1621 301.5 6.3 26.3 67.5
UG 1645 1645 590.9 1.5 8.6 89.9
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Sample
Name Depth Mean Clay(%) Silt(%) Sand(%)

UG 1651 1651 322.9 5.9 24.6 69.5
UG 1665 1665 952.0 3.0 16.2 80.7
UG 1681 1681 300.1 5.7 22.2 72.0
UG 1685 1685 498.1 2.9 15.1 82.0
UG 1703 1703 183.5 3.1 60.5 36.5
UG 1709 1709 315.8 6.0 23.5 70.5
UG 1739 1739 401.6 8.2 27.0 64.8
UG 1743 1743 490.6 3.2 16.5 80.3
UG 1764 1764 282.9 9.6 31.5 58.9
UG 1826 1826 284.2 10.4 31.8 57.8
UG 1830 1830 600.4 2.9 13.3 83.8
UG 1845 1845 446.7 4.4 18.9 76.7
UG 1870 1870 337.2 5.3 27.9 66.8
UG 1886 1886 152.9 13.7 51.1 35.2
UG 1890 1890 80.6 10.3 56.2 33.5
UG 1902 1902 141.4 12.8 60.5 26.7
UG 1903 1903 95.4 10.0 50.8 39.2
UG 1912 1912 28.5 2.5 88.8 8.7
UG 1948 1948 117.9 14.2 56.1 29.7
UG 1953 1953 133.2 8.9 39.8 51.3
UG 1972 1972 113.5 10.4 44.1 45.5
UG 2005 2005 331.8 6.6 25.7 67.7
UG 2013 2013 119.2 14.2 62.1 23.7
UG 2076 2076 205.9 5.9 45.3 48.8
UG 2098 2098 235.7 1.1 40.2 58.7
UG 2098 2098 653.5 2.0 9.8 88.2




Sample

Name Depth Mean Clay(%) Silt(%) Sand(%)
UG 2118 2118 323.4 5.6 21.2 73.2
UG 2124 2124 228.2 5.6 42.7 51.7
UG 2138 2138 224.0 1.6 49.5 49.0
UG 2154 2154 251.6 5.7 38.0 56.3
UG 2158 2158 383.9 5.1 19.6 75.3
UG 2245 2245 21.2 19.3 70.9 9.8
UG 2256 2256 175.9 5.9 54.9 39.1
UG 2275 2275 891.1 1.4 7.1 91.5
UG 2287 2287 1000.6 1.3 6.9 91.8
UG 2291 2291 172.8 8.9 58.2 32.9
UG 2307 2307 74.3 6.5 66.5 27.1
UG 2323 2323 46.0 1.5 48.7 49.8
UG 2326 2326 101.9 8.6 69.4 22.0
UG 2328 2328 10.0 8.8 91.2 0.0
UG 2368 2368 123.7 0.7 11.7 87.6
UG 2382 2382 136.7 5.5 64.0 30.5
UG 2388 2388 58.9 2.0 77.2 20.9
UG 2490 2490 70.0 2.3 65.8 31.9
UG 2495 2495 11.4 5.3 94.7 0.0
UG 2515 2515 70.0 2.3 65.8 31.9
UG 2541 2541 127.8 8.4 64.9 26.7
UG 2595 2595 54.9 5.3 74.5 20.2
UG 2611 2611 112.8 6.6 68.9 24.5
UG 2719 2719 191.7 9.9 51.4 38.7
UG 2760 2760 424.6 1.2 41.7 57.1
UG 2771 2771 240.4 2.0 60.3 37.7
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Sample
Name Depth Mean Clay(%) Silt(%) Sand(%)

UG 2780 2780 719.7 0.6 25.5 73.9
UG 2821 2821 158.7 6.0 60.6 33.4
UG 2856 2856 151.5 6.1 59.0 35.0
UG 2926 2926 187.7 4.0 54.5 41.6
UG 2975 2975 73.5 4.9 68.2 26.8
UG 3007 3007 195.2 2.0 55.5 42.5
UG 3169 3169 226.2 3.1 47.2 49.7
UG 3191 3191 73.4 5.6 57.2 37.1




Table 4.4: Textural data (clay, silt, and sand) in (%) of Baracore sediments from Cauvery delta

Sample name | Depth | Mean | Clay (%) | Silt (%) | Sand (%) Sample name | Depth | Mean | Clay (%) | Silt (%) | Sand (%)
PR 150-153 153 115.9 6.2 26.6 67.2 PR 1026-1029 | 1029 | 163.9 7.2 45.6 47.2
PR 173-176 176 105.6 7.1 34.6 58.3 PR 1054-1057 | 1057 62.9 12.9 70.2 16.9
PR 196-199 199 96.9 7.7 41.4 50.8 PR 1167-1170 | 1170 75.6 10.4 56.1 335
PR 280-283 283 | 116.8 3.3 28.8 68.0 PR1195-1198 | 1198 | 63.6 13.0 63.9 23.1
PR 303-306 306 110.0 4.0 33.2 62.8 PR 1223-1226 | 1226 | 168.1 7.0 46.5 46.5
PR 329-331 331 174.0 0.8 23.0 76.2 PR 1276-1279 | 1279 | 168.8 6.3 44.9 48.8
PR 400-403 403 131.7 15 17.8 80.7 PR 1325-1328 | 1328 94.5 2.8 48.5 48.7
PR 420-422 422 201.4 0.6 8.5 90.9 PR 1348-1351 | 1351 | 183.6 3.4 49.1 47.5
PR 420-426 426 207.0 0.7 10.3 89.0 PR 1420-1423 | 1423 | 100.1 24 43.1 54.5
PR 446-449 449 133.3 15 15.6 82.9 PR 1480-1483 | 1483 | 101.9 2.6 41.4 56.0
PR 522-525 525 87.1 3.7 54.5 41.8 PR 1570-1573 | 1573 | 104.2 2.8 38.8 58.4
PR 545-548 548 88.0 1.2 46.8 52.0 PR 1600-1603 | 1603 96.2 2.6 46.6 50.8
PR 568-571 571 93.7 3.8 47.4 48.8 PR 1641-1643 | 1643 | 118.0 15 35.2 63.4
PR 645-647 647 83.1 1.1 41.1 57.9 PR 1680-1683 | 1683 | 112.3 2.7 32.6 64.7
PR 665-668 668 25.6 9.5 81.4 9.2 PR 1715-1718 | 1718 | 225.1 4.9 47.8 47.3
PR 688-691 691 76.9 4.9 61.8 33.3 PR 1750-1753 | 1753 27.5 9.3 77.6 13.1
PR 772-775 775 86.2 5.3 63.4 313 PR 1780-1785 | 1785 45.2 6.6 77.8 15.5
PR 800-803 801 13.0 14.5 84.5 1.0 PR 1830-1833 | 1833 13.7 7.0 92.9 0.1
PR 828-831 831 14.6 14.2 83.3 24 PR 1890-1893 | 1893 16.7 6.9 92.1 1.0
PR 840-842 842 77.7 2.2 58.0 39.8 PR 1920-1923 | 1923 62.4 5.8 74.4 19.8
PR 895-898 898 85.3 7.8 60.0 32.2 PR 1950-1953 | 1953 | 79.9 4.1 58.5 37.4
PR 942-945 945 62.1 114 67.0 21.6 PR 2170-2173 | 2173 | 267.3 0.8 28.6 70.7
PR 970-973 973 79.4 7.1 57.5 35.3 PR 2345-2348 | 2348 75.0 1.9 54.8 43.3

PR 998-1001 1001 80.9 6.1 56.2 37.7
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Chapter 5

Rare Earth Element, Rb-Sr
and Sm-Nd isotope studies
on the Core sediments from
the Cauvery delta.

L




5.1. Introduction

It is now a well-established fact that the chemaradl mineralogical compositions
of clastic sedimentary rocks is the manifestatibncamposite interaction of various
variables including source rock composition, weatlge erosion, transportation and
sedimentation processes such as mechanical sodegpmposition and diagenesis
(McLennan et al., 1993). In-spite of the abovernmiediate processes operating between
the times the soil is eroded from the source regod sediments are deposited in
different basins, the sediments are believed tggme the chemical signature of their
provenance. Among the various chemical parametieesimmobile elements including
the rare earth elements (REE’s), are thought tedrded as such without any losses
(Taylor and McLennan, 1985). The REEs are compaglgtinsoluble and present in very
low concentrations in sea and river water. Theeftihe provenance of sediments is
considered to be the most important factor contimiguto the REE content of clastic
sediments (Fleet., 1984; McLennan, 1989). The RBEtause of their similar behavior
are expected to retain their pattern and the ratmmeng them that are similar to their
source (Fralick and Kronberg, 1997). In view of wbdhe REE’s have also been widely
used to understand the evolution of continentastofTiaylor and McLennan, 1985, 1995;
McLennan and Taylor, 1991; Condie., 1993; Lahtiné&2Q00) particularly the
Precambrian crust, where either the source rock deen subjected to erosion or
exhumed by subduction processes (Feng and Kerfi®BQ; Hofmann., 2005; Hofmann
et al., 2003; Holland., 1984; Johnson., 1993).

In addition to above Sm—-Nd analyses of fine-grainkdtic sediments is also a
powerful geochemical tool to elucidate their promece. Being relatively immobile
REEs and having no further parent-daughter fraation occurring after mantle-crust
differentiation (ONions et al., 1983; Chaudhuri and Clauer, 1993y thre believed to
be transported together without significant fracéiton during sedimentary processes
(McCulloch and Wasserburg., 1978). As such theyresain isotope ratios that reflect
those of the source area (Nelson and DePaolo.,)198fich when coupled with other
trace element data can provide significant inforamaton sediment provenance. The

advantage of Sr and Nd isotopes is that they adingerprints for source regions and
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transport pathways of detrital sediments (Innocsnél., 2000; Rutberg et al., 2005).
Isotopic ratios of Sr and Nd vary according to #ge and geological history of crustal
rocks. This results in an inverse relationship leem?’Srf°Sr andeNd, (Goldstein and
Jacobsen., 1987). Sediments of rivers drainingratdest have more radiogenic Sr and
non-radiogenic Nd than rivers draining the youngerst. Depleted mantle Nd model
ages (bm) add a temporal dimension to the provenance stfidgdiments by providing

extraction ages of the sediment sources from theeths mantle.

This chapter presents results on Rare earth elsnfREBE’s), Sr and Nd isotopic
compositions of sediments from the two core i.@nflUttrangudi and Porayar sites taken
from the Cauvery Delta. These results are integgregb derive information on the
provenance of sediments of the Cauvery delta. ©bk types in the catchment region of
River Cauvery includes predominantly granitic geegsalong with supracrustal rocks of
Dharwar craton that are characterized by Ki@/°Sr ratio and loweeNd in the upper
part in the northern part, whereas in the soutterd eastern part of the catchment
granulite grade charnockite forming the highlandd enigmatitic gneisses forming the
shear zones have less radiogef&r/°Sr and higheeNd, values. In addition we have
also carried Sr isotopic analysis on several semgnghases associated with the
sediments and attempted to infer the temporal patiad variation in the ground water

composition.
5.2 Results
5.2.1 REE Characteristics:

REE analysis was carried out on limited number asthgles selected on the basis of
changes observed in texture and chemistry of tdensmts as discussed in Chapter 4.
The results of the REE for sediments from Uttrangual Porayar core are given in
(Table 5.1 and Table 5.2) respectively. The nunassociated with the sample denotes
the depth in cm. The total REEREE) concentration of sediments from Uttrangudiecor
ranges from 52 to 246 ppm with an average valud5f ppm. The averaggeREE
concentration of sediments from Porayar site is 43@, ranging from 46 to 215 ppm,
except one sample at 8.3 m having value of 270 gpra.variation and concentration of
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REE is higher in the Uttrangudi sediments. As elguicthe concentration of the most
individual REEs shows good correlation with eactheot and with Y REE, with
correlation coefficient (r) ranging between 0.81ddh99 in Uttrangudi sediments and
between 0.93 and 1.0 in Porayar sediments. Theeraig(Ce/Yby, (Ce/Smy and
(Gd/Yb)y ratios of Uttarangudi sediments are 7.4 to 10.%epidor three samples at
22.45 m, 23.28 and 23.88 that have values of 3,337 (avg. 8.2); 2.3 to 4.0 (avg. 3.1)
and 1.5to 2.7 (avg. 1.7) except for lower valti@ tor sample at 22.45, 23.28 and 23.88
m depth. respectively, whereas for Porayar sedsntgir ranges are 5.3 to 8.3 (avg.
7.1), 2.2 t0 3.3 (avg. 2.7) and 1.4 to 2.1(avg) fegpectively (Table 5.2). The Uttrangudi
sediments exhibit slight to negligible negative &wmaly ranging between 0.79 and
0.97, whereas Porayar sediments exhibit negativslightly positive Eu anomalies
ranging between 0.7 and 1.2, except one samplewghiows value of 1.6. The chondrite
normalized REE plots for sediments indicate fradited pattern (Fig 5.1a and 5.1b).

Rb-Sr and Sm-Nd isotope systematics:

Rb is an alkali metal with an ionic radius (1.48) Atmilar to that of Potassium
(2.33 A°) and can substitute the later in K-beanmigerals such as Biotite, Muscovite,
feldspar and clay minerals and evaporite minerBIs. has two naturally occurring
isotopesi3Rb and87Rb. Rb is radioactive and decays to stabr by emission of
negative beta particle (negatron) which can be esgwd in the form of following

equation:

87Rb > 8iSr+ B~ +V + Q > (5.1)

Where ™ is the beta particle (negatrom)is an antineutrino and Q is the decay

energy 0.275 MeV/atom.

The growth of radiogenié’ Sr can be expressed relative to a stable non gerio

isotop&®Sr as :

87Sr = (ﬁ) + ZRb (gt _ 1) > (5.2)

86sr i 86sr

where, i represents the initial isotopic compositof Sr andA is the decay constant
which is equal to 1.4X 10711y~ (Steiger and Jager 1977).
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Figure 5.1: Chondrite normalized REE plots of sediments fr@h Uttrangudi (UG)
and (b) Porayar (PR) cores, Also plotted for comparison @rendrite
normalized REE plots of UCC and PAAS.
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Table 5.1. Rare earth element (REE) abundances along witlRbl{ppm) and chondrite normalized ratios in setbs@mples from
Uttrangudi borehole.

Sample|Depth(cm)]La Ce Nd Sm Eu Gd Dy Yb Lu XREE Sc Co Th Rb (La/Yb) (CelYb)y (Eu*)y (La/Sm)y (GD/Yb)y (Ce/Sm)
UG 82 83 55 11€ 45 93 21 7. 6.3 34 0. 24t 19.t 34.t 18.¢ 69.6 10.¢ 8.¢ 0.7 3.7 1.€ 3.C
UG 113 113 55 115 47 94 22 79 65 34 05 247 21.334.6 20.2 8238 10.9 8.9 0.8 3.7 1.9 3.0
UG 18t 18t 51 104 44 8.8 1¢ 7.2 59 3.2 0E 227 157 294 14.: 80.t 10.€ 8.4 0.7 3.€ 1.€ 2.¢
UG 220 220 48 103 41 8.8 19 7.2 6.0 3.2 05 220 393744 165 1959 10.3 8.6 0.7 34 1.8 2.8
UG 240 240 46 102 41 8.9 2.0 7.3 6.2 3.3 05 218 34.179.3 147 176.7 95 8.1 0.7 3.2 1.8 2.8
UG 260 260 52 106 46 88 21 7.4 57 34 0.6 233 27.657.1 141 1470 10.6 8.3 0.8 3.7 1.8 2.9
UG 280 280 28 58 22 4411 36 29 19 0.2 122 17530.2 11.7 96.0 9.9 7.9 0.8 3.9 15 3.1
UG 31t 31z 25 55 19 4C 1.C 3.z 2&5 1€ 04 11z 9.2 464 8C 40z 10 9.C 0.8 3.9 1.€ 3.2
UG 380 380 21 42 16 3408 28 23 1502 91 128350 99 594 9.5 7.4 0.8 3.9 15 3.0
UG 39z 39z 2¢ 55 22 4&5 1C 3.7 31 1¢ 0.2 12C 10.c 33. 10.e 55¢ 104 7.5 0.8 4.1 1.€ 2.¢
UG 419 419 45 77 36 7.0 1.8 6.6 52 27 04 181 15.741.7 13.3 93.9 11.5 7.6 0.8 4.0 2.0 2.6
UG 427 427 3t 83 29 5¢ 14 4¢ 37 223 0.F 16t 21.c 38.z 14.z 1097 10.Z 9.4 0.8 3.7 1.7 34
UG 457 457 39 90 32 6515 49 39 22 04 181 19.447.0 13.7 1140 121 10.9 0.8 3.7 1.8 3.3
UG 477 477 45 89 39 7.7 18 6.2 48 28 0.6 197 21.433.7 125 974 11.0 8.5 0.8 3.6 1.8 2.8
UG 52¢ 52¢€ 4C 86 32 6.7 1€ 51 41 24 0E 17¢ 21t 417 14.C 114.< 114 9.t 0.8 3.7 1.7 3.1
UG 546 546 34 73 28 56 14 44 36 21 03 152 23237.6 129 133.8 10.7 9.0 0.8 3.7 1.7 3.1
UG 56€ 56€ 42 90 34 74 18 6.z 5C 2.& 0.6 18¢c 22.t 39.7 124 128t 10.C 8.2 0.8 3.t 1.8 2.¢
UG 650 650 38 69 30 5914 50 36 21 04 155 16.933.8 10.6 735 12.2 8.6 0.8 4.0 1.9 2.8
UG 81t 81t 37 10C 32 6.9 1.7 6.2 4¢ 3.1 0.€ 19z 26.€ 66.¢ 14.z 88.] 8.C 8.t 0.8 3.3 1.€ 3.t
UG 825 825 43 72 35 6.6 1.7 58 43 24 04 171 21.737.7 122 757 12.4 8.0 0.8 4.1 2.0 2.6
UG 855 855 23 44 18 36 11 3.2 25 14 0.2 98 109251 56 523 11.3 8.3 1.0 4.1 1.9 3.0
UG 101(] 101c 45 11 37 7€ 18 6.4 5C 3.C 0.6 21¢ 17.€ 40t 124 54: 10.z 9.¢ 0.8 3.7 1.7 3.€
UG1200] 1200 46 82 40 7.2 18 6.0 45 28 05 191 19.032.6 11.6 59.7 11.3 7.7 0.8 4.0 1.8 2.7
UG 143(] 143« 37 77 29 59 14 52z 38 24 0£ 16z 15.C 40.t 101 43z 10.€ 8.€ 0.8 3.9 1.8 3.2
UG 151d 1510 24 62 18 3709 31 24 18 04 116 119252 10.1 50.5 9.2 9.2 0.8 4.1 14 4.0
UG 1707 170: 24 57 18 3.8 0¢ 3.C 22 1€ 04 11z 12f 23.C 9.2 384 104 9.t 0.8 4. 1.k 3.7
UG1912| 1912 44 101 36 7.8 1.8 6.6 54 33 0.7 207 17.2428 10.3 38.7 9.1 8.1 0.8 35 1.6 3.1
UG 2098 2098 16 51 13 3207 28 21 14 03 90 14533.0 101 26.1 7.7 9.6 0.7 3.1 1.6 3.8
UG 213¢ 213¢ 28 75 23 49 11 4: 3&5 22 04 142 nd nd nd nd 8.8 9.C 0.7 3.€ 1.€ 3.7
UG 2244 2245 18 32 14 3107 31 28 2406 77 nd nd nd nd 5.2 35 0.7 3.7 1.0 2.5
UG 232¢]  232¢ 14 25 8 1t 04 14 14 11 0.z 53 144 150 9¢ 24c¢ 8.¢ 6.C 0.8 5.8 1.1 3.¢
UG 2389 2388 22 18 10 1904 16 13 13 03 56 20.824.1 13.1 415 7.9 3.7 0.7 4.8 1.0 2.3
UG 249(] 249 3¢ 35 22 33 07 22 18 1.2 0.z 10z 15.: 21.€ 8t 28t 20 7.8 0.8 6.7 1.€ 2.
UG 2760 2760 71 86 49 8422 74 47 22 04 231 nd nd nd nd 21.8 10.2 0.8 5.3 2.7 2.9
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Table 5.2. Rare earth element (REE) abundances along witliRbI{ppm) and chondrite normalized ratios in setkstmples
from Porayar borehole.

sample Depth(cm)fLa Ce Nd SmEu Gd Dy Yb Lu XREE Sc Co Th Rb (La/Yb)y (Ce/Yb)y (Eu*)y (La/Sm)y (GD/Yb)y (Ce/Sm)
PR 283 283 16.528.7 12.1 2.7 1.02.2 181102 66.2 8.0 14340 77.8 10.3 6.9 1.2 3.8 1.6 2.6
PR 329 329 31.347.4 234 4.0 1.3 4.0 3.3 2.11.0 117.7 12.020.4 6.1 885 10.0 5.8 1.0 4.9 15 2.9
PR 426 426 125196 79 180814120701 460 45 7317 707 13.0 7.9 1.6 4.5 1.7 2.7
PR 548 548 52.396.5 40.1 7.0 2.1 6.7 5.8 3.1 0.4 214.0 13.824.4 6.5 1045 11.4 8.1 0.9 4.6 1.7 3.3
PR 645 645 44,4904 35.4 7.1 1.8 6.05.03.205 193.8 12624452 959 95 7.5 0.8 3.9 1.5 3.1
PR 775 775 47.289.6 39.27.2187.6553.10.6 201.9 17.126.6 8.7 1354 10.3 7.6 0.7 4.1 2.0 3.0
PR 831 831 60.2124.651.9 9.6 2.4 9.2 7.3 4.3 0.7 270.2 27.4 44.012.5202.7 9.4 7.5 0.8 3.9 1.7 3.1
PR 842 842 37.173.8 314651459 4426 04 163.7 19.834.1 8.9 135.0 9.6 7.4 0.7 3.6 1.8 2.7
PR 945 945 42.683.6 36.6 7.3 1.9 6.1 4.9 2.7 0.6 186.2 21.6 35.7 9.8 157.2 10.8 8.2 0.9 3.6 1.8 2.8
PR 1029 1029 |18.334.1 1423.10925201102 765 95 16.75.6 786 11.4 8.2 1.0 3.6 1.9 2.6
PR 1170 1170 |28.355.4 22.8 5.0 1.4 4.0 3.0 2.0 0.5 122.3 13.922.4 7.1 107.6 9.8 7.4 1.0 3.6 1.7 2.7
PR 122§ 1226 |28.250.1 22249 1.4 4.03.12.20.5 116.6 nd nd nd n.d 8.9 6.1 1.0 3.6 15 25
PR 1279 1279 |21.036.2 16.23.81.23.022 1604 855 89 15556 772 9.1 6.1 1.1 35 1.5 2.3
PR 135) 1351 |21.240.4 16535 1.12.724 1503 89.7 105173 4.8 709 95 7.0 1.0 3.7 14 2.7
PR 1453 1453 |30.049.6 23.7 5.1 1.6 45 3.4 2.4 05 120.8 11.923.3 6.0 649 8.4 5.3 1.0 3.7 1.5 2.4
PR 1483 1483 |30.453.8 23.75.3 1.6 45352406 1259 nd nd nd n.d 8.6 5.9 1.0 3.6 15 2.4
PR 1573 1573 |28.854.1 24249 1.2 3.9 3.12.00.4 1227 nd nd nd n.d 9.9 7.2 0.9 3.7 1.6 2.7
PR 1643 1643 |36.361.4 25.8 5.0 1.5 4.1 3.0 2.3 0.2 139.5 12516.8 6.6 68.5 10.5 6.9 1.0 4.6 14 3.0
PR 171§ 1718 |21.237.7 16.13.7 1.1 3.02.2 1.7 0.4 87.1 125156 7.2 475 8.7 6.0 1.0 3.6 1.5 25
PR 1785 1785 |30.347.0 25.25.2 1.3 4.6 3.6 1.8 0.3 119.3 nd nd nd n.d 11.6 7.0 0.8 3.6 21 2.2
PR 1833 1833 |37.083.9 30.26.51.7 5.6 44 2.8 0.6 172.7 13.929.3 6.8 85.0 9.0 7.9 0.9 3.6 1.6 3.1
PR 1863 1863 |49.495.8 41.98.6 2.4 7.9 5.8 3.2 0.6 215.5 24.336.1 8.9 136.4 10.4 7.8 0.9 3.6 2.0 2.7
PR 1923 1923 |35.968.8 28.7 6.0 1.6 4.9 4.0 2.2 0.4 152.4 19.332.1 7.6 122.8 11.3 8.3 0.9 3.8 1.8 2.8
PR 1953 1953 |29.356.2 24248 1.3 4.1 331904 1254 146233 7.0 90.9 10.3 7.6 0.9 3.8 1.7 2.8
PR 21700 2170 |27.658.5 23.24.8 1.2 3.8 3.2 2.0 0.3 124.6 12.614.7 4.8 652 9.2 7.5 0.8 3.6 1.5 2.9
PR 2349 2348 |40.477.6 33.86.8 1.7 5,545 2.7 05 173.6 13.324.8 7.3 77.7 10.0 7.4 0.8 3.7 1.6 2.7
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The common primary minerals like biotite, K feldspand muscovite have
relatively higher Rb/Sr ratios, while plagioclas@atite, pyroxene and amphiboles have

relatively lower Rb/Sr ratios.

The Sm and Nd are rare earth elements that arel flumajority of minerals in
silicates. One of the radioactive isotopes of $HSm, decays by alpha emission to
stable**Nd. Sm and Nd are considered less mobile in vammeshemical environments
than Rb and Sr and hence the Sm-Nd isotopic sysenonsidered more robust in
sediments. The decay 6fSm to'*3Nd can be expressed in the form of an equation as

follows:

17Sm - E3Nd + o+ Q > (5.3)

Where, a is the alpha particle and Q = 4.32 MeV/atom. Rgeliic growth of**Nd in

rocks can be expressed relative to the stable adiogenic isotop&*Nd as:

144N4 14454 14454

143Nq _ (14’3Nd) 4 Msm (2t _ 1) > (5.4)
i

where, i represents the initial isotopic compositof Nd andA is the decay constant of
147Sm which is equal to 6.54 10~12y~! (Lugmair and Marti, 1978).

Sm/Nd ratios are comparatively higher for the commock forming minerals
like garnet, clinopyroxene and hornblend whereaging plagioclase and K-feldspar
have lower Sm/Nd ratios than chondrite. DePaolo \Atagserburg (1976) observed that
the initial ***Nd/***Nd. ratios of the Archean terrestrial rocks weresistent with the
evolution line of the Chondritic Uniform ReservdCHUR) in a plot of age vs initial
3Nd A*Nd. Sm and Nd have very similar geochemical pragerand undergo only
slight relative fractionation during crystal-liqujgrocesses. Also the decay constant for
decay of**’Sm to*Nd is very small. DePaolo and Wasserburg (1976)efhee
developed a notation where by initfAfNd/***Nd ratio could be represented in parts per
10* deviations from the CHUR evolution line, termed iEpsunits €Nd) which can be
expressed as:
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L= [% — 1] x 10%
Nd — (143Nd) 0

144Nn4q/CHUR

v

(5.5)

Where t*3Nd /***Nd)s is the ratio measured in the sample today &fNd / ***Nd)’crur

is the present day*Nd/**Nd in the CHUR (Chondritic Uniform Reservoir), whic
represents a bulk earth Nd isotopic compositionsehealue for the present day is given
as 0.512638 (Hamiltoet al 1983).

A ‘model age’ can be calculated from tH&Nd/*“Nd and**’SmA*Nd ratios of
crustal rocks which reflect the time elapsed sithe= precursor first separated from the
mantel. Faure (1986), McCulloch and Wasserburg &) 8Wicated that since the Sm/Nd
ratios of the sediments are not appreciably altededing weathering, transport,
deposition and diagenesis, the Sm/Nd model datésulated relative to CHUR or
Depleted Mantle reflects the ages of the rocks framch they were derived and may be
helpful in identifying their sources. Aspli model ages, are considered as a more
accurate indication of ‘crustal formation age’ thBsyur ages, the gy ages are widely
used in provenance studies. It can be calculagefdlbbws using present day depleted
mantel values of*’Sm/*Nd = 0.2137*Nd/*Nd = 0.51315 (White., 2007) and decay
constant of 6.5X 102 y-1.

[ (143Nd) _ (143ng ]
1 14-4-Nd 1 14,4_Nd
TDM :z 1n|1 + Sampe by |
[ (147Sm) B (1473m) J
144Na/  sample 144Nd/ pm

The deviations of the present ratio of Sm-Nd in glais from the bulk earth values is

» (5.7)

expressed in parameter f defined as:

f _ (1:1fvn;)s -1 —_— 5.8
Sm/Nd~ W ( . )
44Nd

CHUR

Where(mﬂ) is the ratio in the sample av( M sm
S

) is the ratio in the CHUR
144n4 144Nna/ cgur

(Chondritic Uniform Reservoir(—iizsm

Nd)CHUR

values (§mw/ne0) indicate higher Sm/Nd ratios than the CHUR.
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In the present study the sediments were subjeotddstep sequential extraction
procedure of Leleyter and Probst, (1999). The &oEc measurements were carried out
on four leachate fractions (Exchangeable, Carbofr@dvin and organic phases) and the
residual silicate phase. Nd isotopic measuremerst @zaried out only in the residual

silicate phase. The detail of extraction proceggvsn in chapter 3.
5.2.2 Sr and Nd isotopic compositions in residual:

The Sr and Nd concentrations in the residual pb&sediments from Uttrangudi
core range are presented in (Table 5.3). ¥Be ®°Sr values lies between 0.71268 and
0.71901 and*Nd/ **/Nd ranges between 0.510909 and 0.511316. The neebehid,
values vary from -25.78 to -33.72 with Nd modelsagarying from 2.15 to 3.16 G&r
and Nd isotopic composition of residual silicateagd of sediments from Porayar core are
presented in (Table 5.4). The measueid, and®’Srf°Sr values range between -24.14 to
- 33.74 and 0.712009 to 0.721514 respectively'aintl/ **4Nd ranges between 0.510908
and 0.5114.

5 .2.3 8S1/88sr in leachate fraction:

The ®SrP°sr for four leachates of sediments from Uttrangudire (i)
exchangeable phase (Exch) (ii) carbonate phaseb)Cafii) Fe-Mn phase and (iv)
Organic phase (ORG) range between 0.71137 to 0871841428 to 0.71428, 0.71143 to
0.71497 and 0.71128 to 0.71544 respectively (Talde

Similarly the®’Sr/ ®°Sr ratio measured in carbonate, Fe-Mn and orgamésgs in
sediments from Porayar core ranges between 0.708480.714737, 0.709610 to
0.714816 and 0.709002 to 0.711886 respectivelyl€Talb).
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Table 5.3:  Rb-Sr and Sm-Nd isotope data for residual silcetetibn of sediments Uttrangudi borehole. An uraiaty of 0.6 %
(1c) was assigned for the calculations®®b/°Sr and 1% Sr ratios. An uncertainty of 0.5%djlwas assigned for the
calculation of*’SmA*Nd. Uncertainties fot’SrP°Sr and"*Nd/**Nd are expressed as Standard Error (SE).

Sample | Depth(m) | 87Rb/86Sr | ¥sr/®®sr | + SE [ Rb | sr | *'sm/**Nd | **Nd/***Nd | + SE | Sm(conc) |Nd(conc) [eNd , | fSm/Nd | TDM

UG 83 83 1.0553 0.715734 +3 2.6 | 159.8 0.0903 0.511210 +1.4 2.56 15.0 -27.9 -0.54 24
UG 185 185 1.3575 0.717570 +4.2 | 3.0 | 165.5 0.0872 0.511275 +1.3 3.05 18.5 -26.6 -0.56 2.2
UG 226 226 n.d 0.719012 | 42 | nd| nd 0.6983 0.511249 +7.7 n.d n.d -27.1 n.d n.d
UG 240 240 1.4500 0.717818 +45 | 3.3 | 151.6 0.0919 0.511268 +1.4 3.30 19.0 -26.7 -0.53 2.3
UG 380 380 0.8363 0.712958 +3 1.2 | 117.6 0.0880 0.511083 1.5 1.21 7.3 -30.3 -0.55 2.5
UG 457 457 0.5269 0.714052 +5 5.0 | 467.8 0.0857 0.511211 +2.0 5.05 31.2 -27.8 -0.56 2.3
UG 546 546 n.d 0.714746 +33] 21 n.d n.d 0.511316 +5.5 2.13 n.d -25.8 nd nd
UG 650 650 1.9834 0.712891 +3 0.9 | 106.4 0.0772 0.511179 +3.0 0.85 5.8 -28.5 -0.61 2.2
UG 815 815 0.3974 0.712996 +3 3.6 | 186.8 0.1023 0.511222 +2 3.58 18.5 -27.6 -0.48 2.6
UG 1010 1010 0.9125 0.712685 +4 1.8 | 129.6 0.0872 0.511228 +2 1.77 10.8 -27.5 -0.56 2.3
UG1200 1200 0.1957 0.713042 +7.2 ] 0.7 | 150.9 0.0903 0.511152 +2.7 0.67 3.9 -29.0 -0.54 2.5
UG 1430 1430 3.2893 0.714151 +3 0.5 4.8 0.0793 0.511140 +1.8 0.46 3.0 -29.2 -0.60 2.3
UG 1510 1510 21.1053 0.715334 +1.71] 0.4 8.0 0.0691 0.510909 +4.3 0.36 2.7 -33.7 -0.65 24
UG 1703 1703 0.8963 0.713782 +6.3] 03] 97.8 0.0694 0.510911 +9 0.29 2.2 -33.7 -0.65 2.4
UG1912 1912 1.2920 0.713781 +24 1] 04| 80.5 0.0793 0.511034 +2.7 0.38 2.6 -31.3 -0.60 24
UG 2098 2098 6.0289 0.713871 +15]0.2] 126 0.1234 0.511263 +5.0 0.23 1.0 -26.8 -0.37 3.2
UG 2245 2245 6.7754 0.715297 +7.3]0.4 7.1 0.0961 0.51122 +3.5 0.41 2.2 -27.7 -0.51 25
UG 2388 2388 0.5843 0.716031 +53]0.1] 129 0.0844 0.511313 +7.7 0.14 0.9 -25.8 -0.57 2.2
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Table 5.4: Rb-Sr and Sm-Nd isotope data for residual silceagtetibn of sediment samples from Porayar boretfateuncertainty
of 0.6 % (b) was assigned for the calculations ®®bf°Sr and 1 Sr ratios. An uncertainty of 0.5% )l was
assigned for the calculation 8YSmA*“Nd. Uncertainties fof’Sr/°Sr and***Nd/***Nd are expressed as Standard Error
(SE).

sample Name | Depthicm)| 87rorsesr | St | « se | ro | sr | M Nd [*Nd*Nd | 1 se | smiconc) | Nd(conc) | ends | tsmmna | Tom
PR 280 280 0.2350942 0.712903 +5.3 | 16.0 | 196.54 0.511103 +4.8 1.09 291 -29.94 n.d n.d
PR 426 426 0.2208421 | 0.7134009 ] *1.2 | 38.3 | 502.65 0.10 0.5114 +4 1.57 8.69 -24.15 | -0.5138125 | 2.25
PR 647 647 0.4170895 0.713496 +5.4 | 59.3 ] 411.78 0.09 0.511012 +5 3.08 17.59 -31.72 | -0.5291647 | 2.68
PR 842 842 1.6031682 0.718192 +5.2 7.8 14.04 0.09 0.511287 +4.2 n.d 1.11 -26.35 | -0.5315983 | 2.33
PR 1029 1029 0.2961683 0.713493 +6.3 34.8 | 339.86 S.D 0.510908 +4.2 0.19 16.85 -33.75 n.d n.d
PR 1351 1351 0.4106242 0.712976 +54 0.6 3.91 0.10 0.511105 +8.3 0.02 0.10 -29.90 | -0.5059223 | 2.66
PR 1573 1573 0.2762633 0.713298 +5.4 3.8 39.62 0.09 0.510981 +4.1 0.09 0.56 -32.32 | -0.5494451 | 2.63
PR 1785 1785 0.6498292 0.721513 +4.6 4.6 20.37 0.09 0.511176 +3.6 0.14 0.82 -28.52 | -0.5349244 | 2.45
PR 1923 1923 0.6826609 0.713347 +4.1 54.9 | 232.66 0.09 0.511187 +2.1 2.22 13.11 -28.30 | -0.5445784 | 2.40
PR 1953 1953 0.3531921 0.712311 +4.1 | 44.1] 361.23 0.09 0.511086 +2.5 2.16 12.91 -30.27 | -0.5505164 | 2.50
PR 2173 2173 0.4178332 0.712546 +3.3 | 49.0 ] 339.33 0.09 0.511026 +2.3 3.04 18.33 -31.45 | -0.5538969 | 2.56
PR 2348 2348 0.2899472 | 0.7120089 ] +6.6 | 44.0 | 439.64 0.09 0.510956 +1.3 3.65 22.08 -32.81 | -0.5547982 | 2.64
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Table 5.5: ®'Srf°Sr ratios with errors () determined on Exchangeable (Exch),
Carbonate (CARB), Fe-Mn phase (Fe-Mn) and Orga@RG) leachates of
sediments from Uttrangudi borehole from Cauveryalel Uncertainties for
8’SrF°sr is expressed as Standard Error (SE).

Sample Name
Depth(cm)| Exch |+ SE| CARB |+ SE] Fe-Mn |+ SE] ORG |+ SE

UG 83 83 0.713481| +2 | 0.71318 |+ 3.3]0.713698| + 10 |0.715012] + 12
UG 185 185 0.71268 | +20 |0.712613| + 11 |0.712833| + 2.5]0.713401| + 9.2
UG 226 226 0.712657| + 4 |0.713816| + 5.7]0.714025| + 7 ]0.714872] = 5
UG 240 240 0.712481] + 11| 0.71257 | + 5 ]0.712439| + 5.3]0.712576|* 7.5
UG 380 380 0.712361| + 18 | 0.71428 | + 5 ]0.714971| + 5 ]0.715251] + 2
UG 457 457 0.711867| + 11 |0.711868| + 7 ]0.711984| + 3 ]0.713651|* 1.6
UG 546 546 0.711933| + 3.5]0.714179| + 5.3]0.712905| + 4.7]0.715437|* 4.5
UG 650 650 0.711661] + 10 n.d 0.711849| + 3 |0.712231|* 2.7
UG 815 815 0.711576] + 6 |0.711548| + 3 ]0.711715| + 3 ]0.712291|+ 2.3

UG 1010 1010 ]0.711379| + 9 |0.711458] + 14 |0.711534|+ 6.1]0.711281|+ 1.3

uG1200 1200 ]0.711431|+ 2.4] 0.71137 | + 8 | 0.71197 |+ 1.2]0.711504| + 8
UG 1430 1430 |0.711431|+ 1.4 n.d 0.711927| + 4.410.712221| + 3
UG 1510 1510 |0.711841| = 7 n.d 0.711782] + 6 |0.711333| £ 6
UG 1703 1703 ]0.711643|+ 7.2 n.d 0.712148| + 7.4]0.712531| + 8
UG1912 1912 ]0.711433| + 7 n.d 0.711433| £ 4.6]0.712318| + 7
UG 2098 2098 ]0.711454|+ 8.4] 0.71145 |+ 4.1|0.711568] + 7 |0.712111| + 3
UG 2245 2245 10.711531|+ 1.4]0.711958| + 9.2| 0.71153 | + 7.2|0.711875| + 8

UG 2388 2388 ]0.711701| *+ 6 ]0.711511] + 2 |0.711444] + 9 |0.712721|+ 2.4

Table 5.6: 8’Srf°Sr ratios with errors ¢ determined on Exchangeable (Exch),
Carbonate (CARB), Fe-Mn phase (Fe-Mn) and Orga®R @) leachates
of sediments from Porayar borehole from Cauveryadé&Incertainties for
87SrfoSr is expressed as Standard Error (SE).

Sample Name Depth CARB + SE| Fe-Mn + SE ORG + SE
PR 280 280 0.714736 4 0.714629 4 0.711665 | +3.4
PR 426 426 0.70993 +6.2 0.7138 +1.1 | 0.710718 4
PR 647 647 0.709934 | +7.4 | 0.714815 | +4.1 | 0.709841 | +7.6
PR 842 842 0.710263 | +7.7 | 0.712431 | +3.7 | 0.710598 4

PR 1029 1029 0.710731 | +5.2 | 0.712356 | +4.6 | 0.710028 4

PR 1351 1351 0.710193 | +4.7 | 0.710636 | +3.8 | 0.711714 | +5.7
PR 1573 1573 0.709615 | +1.2 | 0.712464 | +5.2 | 0.710652 | +5.3
PR 1785 1785 0.709591 | +1.1 ] 0.70961 | +5.3 | 0.710151 +7

PR 1923 1923 0.710661 | 2.9 n.d 0.710676 | +4.8
PR 1953 1953 0.710061 | +5.8 | 0.710669 | +8.4 0.71072 73
PR 2173 2173 0.710801 | +2.4 | 0.711999 | +6.6 | 0.711885 | +4.6
PR 2348 2348 0.708181 | +5.9 | 0.710136 | +8.7 | 0.709002 | +4.5
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5.3 Discussion

Chemical composition of the clastic sediments ésrtht result of a number of geological
factors. This may include other than source rottiesintensity of their chemical weathering, rate
of sediment supply, sorting and post depositiorfenges(Campos Alvarez and Roser 2007,
Bhatia, 1983;Condie et al., 1995; Cullers, 198794192000; Huntsman-Mapila et al., 2009;
McLennan et al.,, 1990, 1993). Each of these factotsst be evaluated before drawing
conclusions on the nature of source rocks andn@astaf the region. In the following discussion
we have first considered the compositional featwfesediments that may result from chemical
weathering and fluvial process of sorting. Thenhage tried to determine the provenance and
evaluate the influence of climate and relief in #rea on the varying sediment input of the

sediment from different parts of the catchmentaorgi
5.3.1 Textural and mineralogical control on REE :

The depth wise plot of individual REE anXREE along with the texture for both
Uttrangudi and Porayar sediments are shown indgbr2 and 5.3. All the REE's are observed to
show good positive correlation among them and wiith(%) and negative correlation with sand
(%). It is observed that the finer sediments argrnfgahigher concentration of REE. The good
positive correlation of various REE’s with silt anthy and their negative correlation with sand
percentage would suggest that in the studied sedémmajority of the REE holding mineral
phases are concentrated in the silt fraction anB’®REre also held in clays. Thus to the first
approximation the first order variation in concetibn of REE in the studied sediments is

because of the varying percentage of sand whipheisent case acts as a diluting agent for REE.

On comparison of REE’s from both the cores witheotbompositional variables of the
sediments, it is observed that sediments from Hlbth cores show some similarities and
differences. The REE’s in Uttrangudi sediments slyowd postive correlation with Th and Y;
moderate positive correlation with Al, Fe, Mg, Mii, Cr, Sc, Co, and poor correlation with Ti
(Table 5.7). In contrast the REE’s in Porayar sedits show strong positive correlation with Al,
Fe, Mg, Ti, Th, Y, Ni, Cr, Sc and Co and moderaterelation with Mn (Table 5.8). Good to
moderate correlation with Al, Fe, Mg, Ni, Cr, Scda@Go in both the cores suggest, to some
extent, the control of mafic minerals and clayoBt correlation of REE’s with Ti, Th and Y in
Porayar sediments may suggest control of Allaniiganite, Monazite and zircon. In contrast
poor correlation of REE’s with Ti and their goodrieation with Th and Y in Uttrangudi
sediments suggest control of monazite and zircon.
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Fig 5.2: The depth wise plot of individual REE’s and TotR . REE) along with the texture for Uttrangudi cordl the
REE’s are observed to show good positive correladimong them and with Silt (%). It is also obserttet the finer
sediments are having higher concentration of REE.

104



La Nd Eu Dy Yb

- 100
150

Clay(%)

0
- 50

10

10
I 100
I 200
- 300

8sand (%) 8
— o —
[

- 200

0 O
O N O I~
Ll

300

4 4
6 -
8 4

10 A1

12 4

Depth (m)

14 -
16 -
18 -
20 -
22 -

24 -

Fig 5.3

Ll Ll Ll Ll LA L Ll Ll LI Ll Ll v v v LI B | v v Ll Ll
[Te) o O o o O «H N ™ o ™m © o O NM< L o < ®
~ N < ©

Ce sm Gd Dy * REE Silt(%) ™ Mz (mm)

Ll Ll Ll
© o
-

25 4
50 -
12 4
25 1
50 1
75 1
00

The depth wise plot of individual REE and Total REEREE) along with the texture in sediments from Kara
borehole. All the REE’s are observed to show goasltfve correlation among them and with Silt (%).

105



Table 5.7: Correlation matrix for major and trace element @niation angd REE of samples from Uttrangudi borehole.

Si0, Al20; TiO, Fe,0; MgO MnO Ca*0 Na*;0 K,0 P,Os Ba Sr Cr Ni Sc Co Th U Y Rb La Ce Nd Sm Eu Gd Dy Yb Lu YREE

sio, | 1.00
AI20; |-0.98 1.00
Tio, |-0.73 0.68 1.00

Fe,0;]-0.97 0.97 0.76 1.00

MgO |-0.93 0.88 0.63 0.88 1.00

MnO |-0.58 0.54 0.48 0.56 0.59 1.00
Ca*0 |-0.53 0.39 0.37 0.39 0.62 0.38 1.00

Na*,0]-0.82 0.73 0.56 0.70 0.78 0.44 0.77 1.00
K,0 |-0.86 0.78 0.62 0.75 0.84 0.50 0.71 0.88 1.00

P,0Os |-0.80 0.76 0.70 0.78 0.67 0.36 0.38 0.80 0.72 1.00

Ba |-0.59 0.52 0.44 0.50 0.66 0.78 0.61 0.61 0.69 0.35 1.00

Sr |-0.56 0.45 0.31 0.43 0.68 0.46 0.90 0.67 0.71 0.29 0.71 1.00

Cr |-0.85 0.88 0.57 0.84 0.72 0.47 0.25 0.67 0.69 0.67 0.50 0.27 1.00

Ni |]-0.85 0.87 052 0.88 0.76 0.51 0.27 0.54 0.62 0.56 0.44 0.36 0.83 1.00

Sc |-0.75 0.75 0.44 0.76 0.79 0.45 0.26 0.50 0.61 0.59 0.38 0.34 0.66 0.72 1.00

Co |-0.52 0.50 0.25 0.52 0.59 0.63 0.24 0.40 0.46 0.40 0.54 0.29 0.41 0.50 0.77 1.00

Th |-0.75 0.77 0.61 0.77 0.70 0.41 0.17 0.39 0.64 0.47 0.47 0.26 0.74 0.76 0.65 0.42 1.00

U |-071 0.69 0.42 0.73 0.77 0.46 035 0.40 0.65 0.42 0.46 0.47 0.54 0.79 0.73 0.55 0.76 1.00

Y |-076 0.76 0.50 0.76 0.65 0.56 0.28 0.57 0.67 0.57 0.60 0.39 0.72 0.79 0.62 0.56 0.72 0.71 1.00

Rb |-0.73 0.67 0.45 0.66 0.81 0.48 052 0.66 0.82 0.64 0.54 0.55 0.53 0.54 0.84 0.74 0.57 0.73 0.58 1.00

la |-0.55 0.53 0.32 0.54 0.57 0.45 0.36 0.47 0.50 0.24 0.57 0.42 0.58 0.51 0.56 0.46 0.71 0.63 0.64 0.53 1.00

Ce |-0.65 0.63 043 0.63 0.63 0.68 0.38 0.49 0.61 0.33 0.70 0.49 0.62 0.65 0.55 0.59 0.71 0.66 0.79 0.56 0.81 1.00

Nd |-0.65 0.62 0.41 0.62 0.65 0.57 0.43 0.56 0.62 0.33 0.68 0.52 0.65 0.60 0.59 0.52 0.71 0.66 0.76 0.59 0.97 0.91 1.00

Sm |-0.69 0.66 0.44 0.67 0.68 0.66 0.43 0.57 0.65 0.38 0.72 0.52 0.68 0.67 0.62 0.59 0.73 0.70 0.82 0.62 0.92 0.95 0.98 1.00

Eu |-064 0.59 039 0.61 0.65 0.63 0.48 0.55 0.63 0.32 0.73 0.58 0.59 0.60 0.58 0.56 0.68 0.69 0.77 0.61 0.93 0.93 0.98 0.99 1.00

Gd |-0.66 0.63 0.42 0.65 0.65 0.64 0.41 0.55 0.62 0.37 0.72 0.52 0.65 0.66 0.59 0.58 0.71 0.69 0.83 0.57 0.91 0.94 0.97 0.99 0.99 1.00

Dy |-0.72 0.70 0.48 0.71 0.68 0.70 0.40 0.57 0.66 0.43 0.74 0.50 0.72 0.73 0.61 0.59 0.74 0.70 0.87 0.59 0.85 0.94 0.94 0.98 0.96 0.98 1.00

Yb |-069 0.68 0.51 0.70 0.64 0.70 0.32 0.52 0.61 0.44 0.70 0.46 0.72 0.75 0.60 0.55 0.72 0.66 0.83 0.52 0.75 0.91 0.86 0.92 0.89 0.93 0.96 1.00
Lu |-0.31 0.32 0.17 0.35 0.26 0.49 0.02 0.15 0.22 0.12 0.39 0.20 0.44 0.54 0.38 0.35 0.34 0.38 0.51 0.17 0.46 0.65 0.56 0.62 0.60 0.64 0.65 0.78 1.00
2REE |-0.65 0.63 0.42 0.64 0.65 0.63 0.41 0.53 0.61 0.33 0.70 0.50 0.65 0.64 0.58 0.57 0.73 0.68 0.78 0.58 0.93 0.97 0.98 0.99 0.98 0.98 0.96 0.90 0.62 1.00
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Table 5.8:Correlation matrix for major and trace element @mration and REE of samples from Porayar borehole

Si0, Al20; TiO, Fe,0; MgO MnO Ca*O Na*,0 K,0 P,OMz Ba Sr C Ni Sc Co Th Y Rb la Ce Nd Sm Eu Gd Dy Yb Lu 3IREE
sio, |1.00
AI20;|-0.98 1.00
Tio, |-0.77 0.73 1.00
Fe,0;|-0.92 0.89 0.84 1.00
MgO |-0.93 0.89 0.79 0.97 1.00
MnO |-0.66 0.61 0.62 0.73 0.74 1.00
ca*0 |0.20 -0.27 -0.26 -0.49 -0.40 -0.34 1.00
Na*,0|0.26 -0.31 -0.47 -0.57 -0.52 -0.41 0.81 1.00
K,0 |-0.74 0.73 041 056 057 0.50 -0.10 0.08 1.00
P,0s |-0.31 0.30 -0.20 0.12 029 0.18 0.19 0.27 024 1.00
Mz |0.80 -0.76 -0.69 -0.74 -0.76 -0.65 0.04 0.23 -0.67 -0.15 1.00
Ba |0.33 -0.32 -0.45 -0.58 -0.50 -0.25 0.61 0.64 -0.05 0.21 0.12 1.00
sr |0.31 -0.29 -0.38 -0.60 -0.52 -0.40 0.80 0.71 -0.11 0.19 0.14 0.88 1.00
cr |-0.89 0.87 085 095 091 0.69 -0.43 -0.50 0.55 0.09 -0.79 -0.52 -0.53 1.00
Ni |-0.80 0.79 0.58 0.80 0.86 0.63 -0.28 -0.44 0.40 0.43 -0.67 -0.29 -0.30 0.76 1.00
sc |-0.82 0.81 0.87 095 0.87 0.71 -0.55 -0.61 0.49 -0.14 -0.69 -0.55 -0.64 0.89 0.66 1.00
co |-0.83 0.81 0.83 093 0.88 0.82 -0.50 -0.58 0.58 -0.06 -0.79 -0.49 -0.61 0.88 0.64 0.95 1.00
Th |-0.76 0.72 090 0.89 0.83 0.75 -0.40 -0.59 0.43 -0.22 -0.73 -0.51 -0.56 0.84 0.66 0.93 0.90 1.00
vy |-084 079 0.88 0.88 0.83 0.74 -0.27 -0.41 0.53 0.00 -0.80 -0.29 -0.33 0.88 0.69 0.89 0.89 0.87 1.00
Rb |-0.84 0.85 066 091 0.89 0.75 -0.57 -0.55 0.58 0.12 -0.64 -0.51 -0.63 0.79 0.74 0.88 0.88 0.83 0.73 1.00
La |-0.88 0.81 0.83 0.86 0.87 0.66 -0.10 -0.30 0.51 0.23 -0.67 -0.37 -0.32 0.81 0.71 0.81 0.79 0.79 0.86 0.72 1.00
ce |-0.90 0.84 083 091 091 0.64 -0.20 -0.37 0.49 0.26 -0.67 -0.47 -0.41 0.86 0.75 0.83 0.80 0.79 0.85 0.76 0.98 1.00
Nd |-0.88 0.82 0.85 0.89 0.89 0.69 -0.16 -0.36 0.51 0.18 -0.69 -0.43 -0.38 0.84 0.70 0.86 0.84 0.84 0.88 0.77 0.99 0.98 1.00
sm |-0.87 0.81 0.87 091 0.89 0.67 -0.22 -0.42 049 0.13 -0.72 -0.46 -0.41 0.86 0.69 0.88 0.87 0.84 0.91 0.77 0.96 0.97 0.98 1.00
Eu |-0.87 0.82 081 085 084 056 -0.14 -031 0.54 0.17 -0.71 -0.30 -0.26 0.79 0.68 0.82 0.80 0.76 0.88 0.72 0.95 0.93 0.95 0.95 1.00
Gd |-0.88 0.83 0.84 090 089 071 -0.22 -0.39 0.53 0.16 -0.70 -0.41 -0.40 0.85 0.70 0.87 0.86 0.84 0.90 0.80 0.97 0.97 0.99 0.98 0.95 1.00
py |-0.89 0.84 0.82 090 090 0.70 -0.20 -0.37 0.53 0.21 -0.69 -0.43 -0.40 0.84 0.70 0.85 0.85 0.81 0.87 0.79 0.98 0.98 0.99 0.98 0.95 0.99 1.00
Yb |-0.83 0.77 0.83 0.84 0.83 0.60 -0.13 -0.33 0.44 0.18 -0.63 -0.41 -0.33 0.79 0.65 0.80 0.78 0.79 0.86 0.70 0.96 0.96 0.96 0.96 0.94 0.96 0.96 1.00
lu |-0.48 0.46 053 049 048 0.26 -0.13 -0.23 0.33 -0.06 -0.29 -0.27 -0.25 0.37 0.15 0.53 0.54 0.53 0.45 0.51 0.58 0.53 0.58 0.56 0.60 0.61 0.60 0.65 1.00
SREE |-0.89 0.83 0.84 0.90 0.90 0.66 -0.17 -0.35 0.51 0.23 -0.68 -0.44 -0.38 0.85 0.73 0.84 0.82 0.81 0.87 0.76 0.99 1.00 1.00 0.98 0.95 0.98 0.99 0.97 0.57 1.00
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Among the various LREE enriched mineral phasesitiaddof Monazite would lead to
increase in total REE, LREE and (La/¥atios. In addition it would also lead to

increase in (Gd/Yl) ratios of the sediments. The REE in Uttrangudiireedts are

observed to follow the above relation (Fig 5.4 adp The positive correlation among
Gdy and (Gd/Yby and(La/Yby and (Gd/Yby, (Fig 5.4 e) also corroborates the control

of monazite over the REE concentration in Uttrangetliments. Similar relations are

observed for the Porayar sediments (Fig 5.5 aGapd positive correlation of Th with

REE further supports control of monazite on REEhmstudied sediments.
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Figure 5.4: The bivariant plot of Ti, Th and Y with total REEREE and chondrite

normalisedratios. The above correlations indicadatrol of Monazite,
Allanite and titanite on the REE distribution irdgaents from Uttrangudi
as discussed in text.
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Figure 5.5: The bivariant plot of Ti, Th and Y with total REEREE and chondrite
normalisedratios. The above correlations indicaiatrol of Monazite,
Allanite and titanite on the REE distribution indgeents from Porayar
borehole sediments as discussed in text.

& h and Fig 5.5 g & h).This would suggest that oth®REE enriched mineral phases

Ti and Y other than Th also show good positive @ation withZREE (Fig 5.4 g

2.2

particularly titanite and allanite have also cdmited to the REE concentrations in the

sediments. Strong positive correlation of Y withd(®b)y ratio, ( Fig 5.4 i and Fig 5.5 i)

would indicate the major contribution of Y from LEBbearing phase such as allanite.

Since in case of HREE bearing minerals particulaihgon, the Yb concentration is

expected to be higher, which may lower (GdiY@gtio. This should in turn result in

development of negative correlation of (Gd/N¥h)ith (La/Yb)y. Hence Y is also major

element present in zircon, it should also show tregaorrelation of (Gd/Yyif it is
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primarily contributed by zircon which is not theseain studied sediments. (Fig 5.4 c & i
and Fig 5.5 ¢ &)

Thus as a first approximation we may conclude thatLREE enriched heavy
mineral phases along with the mafic minerals hazmdly controlled the REE

concentration and pattern in the sediments frorh tog studied locations
5.3.2. Eu anomaly:

Eu systematic has been widely used to discrimibateveen Archean and Post-
Archean sediments as it is believed to be inhefi@t the sediment sources (McLennan
et al., 1980, 1993; Taylor and McLennan, 1985). IBrea anomalies are usually
attributed to be input of basic detritus, wheremg)é anomalies are related to felsic
source (Taylor and McLennan., 1985; Cullers etZ87; Hassan et al., 1999; Cullers,
2000). According to McLennan et al. (1993) Archesediments tend to have Eu
anomalies higher than 0.85 and higher (Gd{¥é&jen more than 2.0. In contrast the
sediments derived from the post Archean rocks terfthve Eu anomalies values lower
than 0.85 and lower (Gd/Yf) In the present study the sediments from bothabgudi
and Porayar sites are plotted in the Eu/Eu* ve(&@dYb)y diagram (Fig.5.6 a and .b)
Sediments from both the locations show higher EtilEdues of more than 0.72 and up
to ~1.6. The Eu/Eu* value of Uttrangudi sedimeaiisges between 0.73 and 0.84 except
one sample, which shows higher value of 0.96. Hmge of Eu/Eu* values in Porayar
sediments is between 0.7 and 1.2, except one sawipglth shows value of 1.6. In
general it is observed that Eu/Eu* values are high®orayar samples in comparison to
Uttrangudi sediments. The (Gd/X{ghows similar range between 1.4 and 2 in sediments
from both the locations except three samples franablgudi location that show much
lower value of around 1.0. It should be noted thaEu/Eu* vs. (Gd/Yby diagram all
samples plot above the field of UCC and PAAS. Téiexpected as the catchment of the
Cauvery River dominantly comprises of Archean litigges. It is noted that although the
Uttrangudi and Porayar sediments show an overlafhéenabove diagram they differ

primarily in their Eu/Eu* values.
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Figure 5.6: In the above plot sediments from both Uttrangudi Borayar sites are plotted in the Eu/Eu* versu¥YB)y diagram
(Fig.5.9a and b). Sediments from both the locatisimsw higher Eu/Eu* values of more than 0.72 up-1®%. The
Eu/Eu* value of Uttrangudi sediments ranges betw®&8 and 0.84 except one sample, which shows higilae of
0.96. The range of Eu/Eu* values in Porayar sedimisrbetween 0.7 andl.2, except one sample whohvsvalue of
1.6. It should be noted that all samples plot alibedield of UCC and PAAS. This is expected asdaehment of the
Cauvery River dominantly comprises of Archean litigges. It is noted that although the Uttrangudd dPorayar
sediments show an overlap in the above diagramdifiey primarily in their Eu/Eu* values.
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Further to evaluate the effect of weathering onaeuhave plotted the depth wise
variation in Eu/Eu* values of sediments along witteir CIA (Chemical Index of
Alteration) from both the locations (5.7 a and B)7 It is observed that in both the cores
Eu/Eu* values show a significant anti correlatiorthwthe CIA values, particularly in
Uttrangudi sediments. This would suggest that théenEsediments have been modified to
different extent by the process of weathering éifgcits loss and lowering of Eu/Eu*
values. Eu is known to be mobile in®state, whereas it remains immobile ir*Estate.
Thus during weathering, Eu can get mobilized bynubal breakdown of feldspar only if
the local environment has been reducing. But knewn that even if mobilized during
weathering of rocks the REE get redistributed wittihe soil profile (Nesbit.,1979;
1989). Further on erosion the re-mixing of soilufesin values similar to rock (Cullers et
al. 1987). Other possibility is that Eu got molslizfrom sediments after their deposition.
This would imply post depositional weathering ofd&par under subsurface reducing
conditions, where Efiafter their release got reduced to®Ewnd was carried away by

ground water in dissolved state.

Further we have tried to evaluate the control afviyemineral on Eu/Eu* value.

In the present study as discussed earlier the #kereents Th, Y and Ti are found to be
associated with the REE bearing heavy minerals sgcimonazite, allanite and titanite.
For this we have plotted the depth wise variatiemd of Th, Y and Ti with that of the
Eu/Eu* (Fig 5.8 & 5.9). It is observed that likeACIthe above set of trace elements also
exhibit negative co-relation with Eu/Eu* values.iShwvould mean that enrichment of
heavy minerals has resulted in relatively highetrease in LREE and HREE in
comparison to Eu that is dominantly held in feldspahich has resulted in decrease in
value of Eu/Eu*.
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Figure 5.7 : The depth wise variation in Eu/Eu* values(aj Uttrangudi andb) Porayar
sediments along with their CIA (Chemical Index ofed@thering) from
both the locations. Significant anti correlation/Eu* with the CIA
values, particularly in(a) suggest that the Eu in sediments have been
modified by the process of weathering effectingldatss and lowering of
Eu/Eu* values.

Thus we observe that Eu anomaly of sediments inptesent study has been
modified both by the variation in heavy mineral centration and the weathering
variability. The overall lower value of Eu/Eu* intitangudi sediments in comparison to
Porayar sediments, may thus be due higher degreeathering exhibited by Uttrangudi
sediments. This may partly be because of post dépwd changes, as the Uttrangudi
sediments are older (upper mid Pleistocene) fort miohe part. Thus in absence of these
changes we would expect the sediments to plot ath@iepresent position in Eu/Eu* vs
(Gd/Yb)y diagram.
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Figure 5.9: The depth wise variation trend of Th, Y and Ti wikiat of the Eu/Eu* for
Porayar sediments.

5.3.3 Provenance:

The Cauvery River traverses from west to east tiittomajor lithologies that
include Gneisses, Charnokites and Migmatatic GasisSneisses from Dharwar Craton
(DC) popularly known as peninsular gneisses forenuppermost part of the catchment
region on the Mysore plateau. Migmatitic Gneiss predominantly found along the
major shear zones in Moyar, Bhavni, Palghat andv@guShear zones and Madurai
block (MD). Charnockites form the major rock typethe Southern Granulite Terrain
along with the above mentioned migmatitic gneidse gneisses form the high and low
elevation region but with flatter topography anavéo relief, whereas the Charnokites

from Southern Granulite Terrain (SGT) form the malg with higher relief in parts of BR
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Hills and Nilgiri Hills towards its north and theodikanal and Palani hills of MB block
towards its south. Among the major tributaries ati@ery River, thedemavat R.drains
through the northern upper reaches of the Cauvaishment towards the western part of
Western Ghats. Thigloyar R.a major tributary of Cauvery originates from nerth part
of the Nilgiri hills and drains the valley betwetre northern slopes of the Nilgiri and the
southern slopes of the BR Hill8havani Ris another tributary that flows along south of
the Nilgiri Hills. About 12 major rivulets joifBhavani. Rdraining the southern Nilgiri
slopes. Further another major tributary of Cauuest includes thédmravati R.drains
Charnokitic rocks of Palani hills and Kodaikanallshiof Madurai block and joins the
Cauvery at Karur. The main track of the CauveryeRifollows the major shear zones.
Here we have tried to evaluate the source for gutngents by comparing the REE and
Sr, Nd isotopic compositions of sediments with tbatUCC and various lithologies

exposed in the catchment region.

5.3.4 Comparison with UCC:

In the UCC normalized REE pattern of Uttrangudi &udlayar core sediments are
shown in (Fig 5.10 a and e). The sediments fronm blo¢ cores show almost flat UCC
normalized LREE and HREE pattern and slight enriehimof MREE including Eu. This
implies that the sediments have been derived fress |differentiated source in
comparison to the UCC. On looking into detailshserved that the Uttrangudi sediments
show variation in terms of Ce. It can be distingeis into two groups, one without Ce
anomaly and the other exhibiting slight positive @eomaly. The development of
positive Ce anomaly may be related to post depositiweathering. Marsh (1991) in his
study has suggested that preferential leaching BE Rther than Ce in a weathering
profile could result in development of positive &®omaly. Similar observation has been
made by Tripathi and Rajamani (2007). The relatbiu and CIA as discussed earlier
(Fig 5.7a and 5.7b.) also indicates that the seulisnddave undergone some post
depositional weathering. The sediments from both ¢bres also show positive Eu
anomaly, which is probably related to the soursethe@ rocks exposed in the catchment
area are of deep crustal origin primarily of Arahesge. The difference in degree of Eu
anomaly between Porayar and Uttrangudi sediment8C@ normalized plot is basically

due to difference in their weathering intensitissdéscussed in the preceding section.
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Figure 5.10: The above plot shows UCC normalized REE patterdtofangudi(a to d) from different depths an¢e) Porayar core
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Thus we may conclude that the variation, partid¢ylisr Eu and Ce between the two cores
is due to post depositional changes. Uttrangudi imaye suffered more alteration in
comparison to the Porayar sediments because af th#er age and slower rate of
deposition. Other than the top ~7 m rest of thensedts in Uttrangudi are of upper mid

Pleistocene, whereas almost the entire sedimemeriayar core are of Holocene age.
5.3.5 Comparison with the source rocks:

The REE’s are considered to be to be immobile até preserve the signature
of source rocks (Taylor and McLennan, 1985). Thendhnite normalized REE patterns
are less fractionated for mafic rocks, whereas more fractionated in felsic rocks. The
chondrite normalized plots of REE in sediments fitooth the core are almost parallel to
each other and exhibit similarly fractionated paite(Fig 5.1a and 5.1b) with the
(CelYb) ratio of ~8.2 although with large variations heir abundance. The similar
patterns for individual samples may imply eitherfanm source rocks and/or efficient
mixing of source lithologies during sedimentary nsport and deposition
(McLennan.,1989). The more fractionated nature REE and flatter HREE along with
slight negative to positive Eu anomaly, suggesét the sediments have been derived

from a rock of intermediate composition.

To further constrain the source we have plottedndhite normalized value of
studied sediments from both the cores with thataofous rock types from different areas
of catchment as described above. (Fig 5.11 a&HR)g 5.12 ( a to f). These include (1)
Gneisses from Mysore plateau (Upper catchment) {draRao et. al., 1991, Divakar
Rao., et al 1999) (2) enderbites from the NilgilisdRaith et al., 1999) (3) Charnockites
and Gnessis of BR Hills and Transation zone (Stehlal 1987, Allen., et al 1984) (4)
Charnokites and Migamatic gnessis from shear zandkodaikanal Hills (Catlos et al.,
2011, Plavsa etal., 2012)

The gneissic rocks from Dharwar Craton forming tiegor rock type exposed in
the upper catchment region show two type of choadrormalized REE pattern. One
group exhibit lower fractionation of REE with (CdJ) values ~7 (Bhaskar Rao et. al.,

1991), whereas the other group shows higher fraation with (Ce/Yhby ~10 (Divakar
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Rao., et al 1999), with both groups exhibiting agstently higher negative Eu anomalies.
On comparison of REE plot of studied sediments whth above rock types we observe
that there are some noticeable differences. Thee rMractionated gneissic rock show
LREE fractionation similar to the sediments, wlasréheir HREE are more fractionated
(Fig 5.11 a). The other group of gneiss show lesstibnation of both LREE and HREE

in comparison to the sediments. Apart from thishbgheisses are having consistently
higher negative Eu anomaly. This suggests thataheisses from the Dharwar Craton
may not have acted as the source for the sedimBn¢sRiver from this part enters into

the SGT through the transition zone.

The transition zone litholgies comprise of grey igee mafic gneiss and
charnockites (Stahle et al., 1987). The gneiss@s this region when compared to the
studied sediments are distinctly different in hgvilarge negative Eu anomalies. In
addition the gneisses from this region are muchemamriched in HREE and thus less
fractionated. The charnockites are much more deghlét HREE in comparison to
gneisses and have negligible Eu anomaly. The HR&Eidnation and concentration of
the charnockites is very similar to the studiedirsedts although their LREE exhibit
higher concentrations and fractionation. Among #mve two the rock types, REE
concentration and pattern of charnockite are clésethat of the sediments but with

overall higher fractionation.
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Figure 5.11: The chondrite normalized value of studied sedimérdm Uttrangudi core (shaded area) with that arious rock
types from different areas of catchment. Thesaugel(a) Gneisses from Mysore plateau (Upper cazatinBhaskar
Rao., et al 1991 and Divakar Rao.,et al 1999) (@ &neisses and Charnockites of Transition zoZg ($tahle et al
1987, Allen., et al 1984) (d) enderbites from Nkgiri Hills ( Raith et al., 1999) (e-f) Charnokit and Migmatitic
gnessis from Kodaikanal Hills and Northern MadiBkick (NMB) (Tomson et al, 2006, Catlos et al. 20Plavsa et
al., 2012) .
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Figure 5.12: The chondrite normalized value of studied sediméais1 Porayar core (shaded area) with that of werimck types
from different areas of catchment. These inclugeaessis Mysore plateau (Upper catchmeBbagkarRao., et al
1991 and Divakar Rao.,et al 1999) (b & c) Gneari$ Charnockites of Transition zone (TZ) (Stahlel€t987, Allen.,
et al 1984) (d) enderbites from the Nilgiri HillsRaith et al., 1999) (e-f) Charnokites and Migmatgnessis from
Kodaikanal Hills and Northern Madurai Block (NMBldmson et al, 2006, Catlos et al. 2011,Plavsal. 2012 ).
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The Cauvery River takes a bend and after Hogenakdl starts flowing in
southerly direction and enters into plains aftettiie In this part of its tract it is joined in
west by Bhavani River, a major tributary formed dopnfluence of Moyar and Bhavani
River flowing north and south of the Nilgiri hillsThe Nilgiri hill in the southern
granulite terrain comprises of intermediate chakites that are of garnetiferous and non
garnetiferous nature. It also consists of some ygmide bands. The garnetiferous
charnockite is depleted in LREE and exhibit HREEidmment and has negligible
negative Eu anomaly. The overall resultant choadnibrmalized REE pattern is less
fractionated with (Ce/Yb) values of ~ 5. Comparedhe sediments from both the cores;
the garnetiferous charnockites is depleted in LR&EEgreas the HREE exhibit similar
abundance and similar or less fractionation. The garnetioferous charnockites on the
other hand show a complementary pattern. It is LRBEched, which is similar to the
sediments, but the HREE in these rocks show hifjaetionation in comparison to the
sediments. Thus individually the REE patterns adhltbe charnockites, except their Eu
anomaly do not match that of the sediments. Atstirae time their mix in almost equal
proportion may results in REE pattern and abundaiméar to the sediments, including

the Eu anomaly.

Further moving south, the River after Erode, takesasterly turn and continues
flowing east along the Cauvery Shear Zone (CSZ) iirdrains into the Bay of Bengal.
The southern part of the SGT grouped as the SautBeanulite Block (SGB) lies to the
south of Cauvery River in this part. The SGB in@sidNorthern Madurai Block (NMB)
made of massif charnockites in Palani and Kodaikaiaareas. The other dominant
lithologies of this region are migmatitic gneissdamigmatised charnockite along the
shear zones. In its middle, east flowing track, tiein River is joined from south by
another major tributary, the Amravati River. Thigottary originates in the Palani and
Kodaikanal hills and flows over the shear zone @dMrai Block domain before joining
mainstream Cauvery River. On comparing the chomdritrmalized REE plot of various
above stated lithologies with the sediments it isesved that the charnockites from
Kodaikanal and Palani hill region shows the clogsesemblance with the sediments in
terms of their REE abundance. The chondrite nomedIREE plot of charnockites from
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this region show fractionation and Eu anomaly samib the studied sediments (Fig 5.11
e & 5.12 e). Similarly we observe the chondritemalized REE pattern and Eu anomaly
of the migmatitic gneiss from this region to resésrthe studied sediments from both the
cores (Fig 5.11 f & 5.12f).

In the lower reaches the Cauvery delta is bordeyedrds south west by Tertiary
rocks of Mio-Pliocene age. It is interesting to endhat the chondrite normalized REE
pattern of selected samples analysed from thisiargrexposure, located towards the
south west part of the delta, exhibit abundanaetimnation and Eu anomaly similar to
the studied sediments (Fig 5.13). Their resemblavitethe sediments from Uttrangudi
location is more prominent. Similar resemblancenwiite Uttrangudi sediments was also

observed in terms of major element chemistry asudised in chapter 4.

Thus from our REE results we infer that the souccéhe sediments have been
Charnokitic rocks from high standing hills of Nilgand Biligirirangan hills forming part
of the Northern Block of the SGT charnokite and mmagitic gnessis from the Southern
Block of SGT. In addition to above the migmatitivegss and charnockite from the NMB
has also acted as the source. There is also ptibpalbia local source in form of Tertiary

rocks for the Uttrangudi sediments.

To further constrain the source the Sr and Nd @Eot@womposition of the
sediments has been compared with that of all thbgtile source rocks. Before we do the
above comparison we have analysed the temporaltivariof these compositions in the

studied core and tried to evaluate the reasonufcin gariations.
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Figure 5.13: The chondrite normalized value of studied sedimé&ms (a) Uttrangudi core (shaded area) &l Porayar core
(shaded area) with plots of representative sanfpbes the bordering SW margin of Cauvery Delta Ttary rocks
from Cauvery basin. PRS (Lateritic cover) & PKC (@4tone).
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5.3.6 Temporal variation in Sr and Nd isotope:

Sr-Nd isotopic compositions of sediments are carsd to be reflect their
continental source provided they are not affectgdveathering and sorting i.e. grain
size. The advantage of Sr and Nd isotopes is tieyt act as fingerprints for source
regions and transport pathways of detrital sedisi@nhocent et al., 2000; Rutberg et al.,
2005). Isotopic ratios of Sr and Nd vary accordinghe age and geological history of
crustal rocks, which results in an inverse relatfop between®’SrP°Sr and eNdo
(Goldstein and Jacobsen., 1987). Sediments ofsrideaining older crust have more
radiogenic Sr and non-radiogenic Nd than riversniing the younger crust. Out of the
above two, Sm-Nd is considered more robust as teschemical behaviors are very
similar and thus are more difficult to fractiongtgoldstein et al., 1984; Revel et al.,
1996), whereas on the other hand Sr isotope is knowget modified by weathering.
Strontium being mobile during chemical weatheriageasily removed from the source
region (Palmer and Edmond., 1992, Blum and Ere®712003,) and is more readily
released into solution compared to Rb, which getd bp in clays. Thus the fine grained
weathered sediments tend to exhibit increase iis@&ope ratios. Thus the variations in
the ®’SrP°Sr ratio of sediments is a powerful tool to idenithanges in the continental
hydrology and chemical weathering regimes (Gosalet 1983, Capo et al., 1998,
Innocent et al., 2000, Blum and Erel, 2003; Kessaekt al., 2003, Kuhlmann et al., 2004,
Jung et al., 2004; Weldeab et al., 2002) and mayepto be less useful in provenance
studies particularly where the sediments have bdentived from highly weathered
source. On the contrary, Nd isotopes are believetl ta alter and therefore not
fractionated during near surface processes, suathasiical weathering (Clift et al.,
2002, Clift and Blusztajin., 2005. Hence, the ipidocomposition of Nd has been
established to be a reliable indicator of the pravee to the sediments (Blum and Erel,
2003; Fagel et al., 2002; Goldstein and O’Nions31)9rhus ruling out the effect of
secondary processes becomes essential in case isbt§pe before they are used for
provenance determination along with Nd isotope.

In the present study the depth wise variation ins8tope ratios aneNd, values

in the residual silicate phase of sediments arétquoin figure 5.14 and 5.15. Other
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parameters plotted in the figure are Rb, Sr, CIAHREE, LREE, TREE, Sm, Nd and
silt. In the Uttrangudi core below 12 m depth, Sobserved to show anti correlation with
the CIA, whereas Rb does not show any relation &d).8’Srf°Sr ratio in this part is
seen to exhibit an overall enrichment trend witleréase in CIA, i.e. weathering,
although the relation is not linear. Silica does$ sttow much variation in this part of the
core. Thus it appears that below 12 m deptf188°°Sr ratio has been modified, to small
extent by the increase in weathering intensity ilggdo its corresponding enrichment.
Above this thé’SrF°Sr ratio in the core is observed to follow the trexhibited by Rb
and Sr, and weathering in this part is relativelysl The concentrations of Rb and Sr in
this part show no relation to weathering intensigy the CIA. Thus it appears that
87SrPosr ratios of the sediments below 12 m has beenfiaddalthough to lesser degree,
by weathering, whereas in upper part of the cargglgbove 12 m depth, the variation in

87SrPosr ratios appears to follow the variation in source

In case of Porayar core the variation in #®r°Sr ratios of sediments below
18m depth do not appear to be related to weathéFigg5.15). Above 18m depth upto
top, we observe the variation in Rb concentrati®rpositively related to weathering
intensity and its enrichment and depletion followse increase and decrease in
weathering intensity i.e. the CIA. Sr is observied show negative relation with
weathering intensity. It is known as stated abdwat tveathering leads to mobilization
and loss of Sr and at the same time Rb is enrichikds the variation trend of these
elements in the Porayar core in section above Ifepth are inferred to be weathering
controlled (Fig 5.15). Enrichment of Rb and loss Sif should result in increase of
87SrPSr ratio and vice-versa. The variation in the vati&’SrP°Sr follows the trend as
is theoretically predicted. Thus we may infer tkize 8’Srf°Sr ratios of sediments in

Porayar core are modified by weathering above Iipth.
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Figure 5.14: The depth wise variation in Sr isotope ratios licaie fraction of sediments
from Uttrangudi core are plotted in figure. Othargmeters plotted in the
figure are Rb, Sr, CIA and Si, In the core belo® rh depth, Sr is
observed to show anti correlation with the CIA, véss Rb do not show
any relation.®’Srf°Sr ratio in this part is seen to exhibit an overall
enrichment trend with increase in CIA i.e. weathgri
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Figure 5.15: The depth wise variation in Sr isotope ratios ofdyar core. It should be
noted that the variation in tHESrF°Sr ratios of sediments below 18m
depth do not appear to be related to weatheringvAld8 m depth upto
top, we observe the variation in Rb concentratepasitively related to
weathering intensity and its enrichment and depthetollows the increase
and decrease in weathering intensity i.e. the C8A.is observed to show
negative relation with weathering intensity.

In contrast theNdyappears unaffected by weathering. At first glan@ppears to
be controlled by grain size particularly the sifrgentage. It is noted that in Uttrangudi
sediments the variation #Ndy values follow the variation trend of silt percergaaxcept
for bottom three samples (Fig. 5.16). On closenreration it is observed that the silt
percentage aneNdydo not show a linear relation although excursionparcentage silt
corresponds to the excursions observeeNd, values. This would suggest that observed

grain size control is apparent and the observedespondence in variations may be
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coincident with the variation in source resultimggroup shift of all the parameters at
different depth. But one can still not rule out thée of grain size within different sectors
illustrated with different shades. Similar variatiof eNd, with percentage silt is observed
in Porayar core sediments between 6 m and 22 m %Fig). It should be also noted that
variation trends irtNdyand percentage silt is also observed to positigelyelate with
the variation trends in HREE, LREEREE, Sm and Nd, although it is more prominent
in Uttrangudi sediments. This would lead to infeattthe variation irktNdp values in the
studied core is ultimately due to the variationpmoportion of different REE holding
mineral phases that may be differently distributegilt and sand. Thus the variation in
silt and corresponding variation in sand may leadadriation in proportion of various
REE holding minerals in the sediments that may hbgen derived from multiple

sources, and thus having differeid, values.

Therefore, based on the above observations, weimfietythat the®’SrP°Sr ratio
in the studied sediments in some part have beghtllieffected by weathering, and the
not so prominent overall co-variation exhibitedvibetn silt anckNd, suggests that the
little co-variation observed in small sectors may dpparent and due to variation in
source for silt and sand.

Thus in the present study we have usidyalong with Sr isotope compositions
of sediments (keeping in mind that their Sr isatajitios may represent higher values in
parts correlated to weathering) as the tracer eir thource. The sediments have been
compared with the major source rocks that commigenessises from the GGG Terrain
of DC and of SGT. Late Archean to Proterozoic gliémdacies rocks. The depth wise
plot of the isotopic data show temporal variatiom$oth Uttrangudi and Porayar cores
(Fig 5.18). The Uttrangudi core represents sedimeamnging in age from Upper mid
Pleistocene to Holocene, whereas the Porayar epresents late upper Pleistocene to
Holocene sediments. Tledldyand Sr isotope in Uttrangudi and Porayar sedimsmsy
large range indicating temporal variation of ttemurce. In case of the Uttrangudi site the
eNdp and Sr isotope values of the sediments ranges f&@nto -36 and 0.712 to 0.720
respectively. On comparison with source we find thea ranges of above isotopic values

are much deviated from the isotopic compositiothef predominant lithologies of ~3.0-
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3.6 G.a Granite-Gneiss-Greenstone (GGG) terratheDC exposed in the upper part of
the catchment region particularly in their Sr ig®olIn the gnessis of DC the range of
eNdo (-33 to - 40) and SP*{SrP°Sr = 0.74 to 0.8) similar dissimilarity is exhilitdoy
Porayar sediments with theaNd, and Sr isotope values ranging from -24 to -34 and
0.712 to 0.722 respectively. Thus it seems thev@lange of values in sediments fall
within the values for different lithologies, forngnpart of the high grade Southern
granulite terrain (SGT) that are exposed in thedheidnd southern part of the catchment
region. Thus as a first approximation we may coelthat the sediments of the Cauvery
delta region have been predominantly derived framm$GT and the contribution from
the older rocks of DC is very minimal.

Therefore in the following section we have trieddfito explore further the
variation in input to the sediments from differgudrts within the Southern Granulite
Terrain (SGT).The Precambrian Southern Granuliterale (SGT) of South India
forming part of the Cauvery catchment is a mosdithigh grade granulite massifs
separated by several shear zones. The SGT canlyprbaddistinguished into late
Archaean granulite domain also known as the Namttgganulite domain (NGD) and
Proterozoic granulite terrains based on the age@bnal granulite facies metamorphism
at ~ 2.5 Ga and ca. 0.5 Ga. respectively. The em@ins are separated by crustal-scale
Palghat-Cauvery shear zone (PCSZ). The 2.5 Granwditrain north of PCSZ is
distinguished into Nilgiri (NHG) and BiligirirangaBRG) granulite terrain, whereas the
0.5 Ga terrain south of shear zone is the MadulackB The Nilgiri granulite terrain
which forms the highland is predominantly made dpgarnetiferous enderbites and
subordinate mafic granulites. The protolith age¢hid terrain ranges between 2.9 and 2.6
Ga. The®’srP®Sr andeNd, value of this terrain ranges from 0.703887 to 00&®Land -
33 to -20 respectively (Raith et al 1999; Bhaskao Rt al., 2003). The Biligirirangan
granulites exhibit protolith ages between 3.5 artl Ga. and theif’Sr°Sr andeNd,
values ranges between 0.70756 to 0.71492 ando-36l6 (Bhaskar Rao.,et al., 2003).
Both this terrain has been affected by widespregtnal metamorphism around 2.5 Ga.
The Cauvery shear zone (CSZ) located towards soitNGD and north of PCSZ
comprise of charnockite gneiss associated with asupstal rocks and migmatite

gneisses.
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Figure 5.16: The depth wise variation gNdpvalues for Uttrangudi is plotted in figure. Otherameters plotted in

the figure are HREE, LREE, TREE, Sm, Nd aifid%).
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Figure 5.17:The depth wise variation &Ndyvalues in silicate phase of Porayar core sedim@itser parameters plotted in the
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Figure 5.18: (a)Variation in Sr and Nd isotope of composition o thediments with depth. Comparison of trendsNd, and
87SrfSr ratios in the detrital phase of the Uttrangumtishole sediments shows five excursidb$ Variation in Sr and
Nd isotope of composition of the sediments withtdeSomparison of trends eNd, and®’Sr/®Sr ratios in the detrital
phase of the Porayar borehole sediments showsi@urrsions.

*Radiocarbon dates (B.P) Srikanth., 2012 and OSegléka) Alappat et al 2010.
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The granulites and high grade paragneisses aregretsed to amphibolites facies
leading to formation of mylonitic hornblende bietigneiss. The CSZ exhibit protolith
ages of 2.9 to 2.3 Ga. The shear zones have bewrked by later Pan-African
deformations. Th&’Srf°Sr andeNdgvalue of this terrain ranges from 0.70366 to 0.7546
and -38 to -44 respectively (Bhaskar Rao., 2003ndan et al., 2006). The PCSZ and
the CSZ-MB (between PCSZ and MB) also yield pratbland deformation ages similar
to CSZ and th&’SrP°Sr andeNdgvalue of this terrain ranges from 0.71046 to 0.7315
and -18 to -32 respectively (Bhaskar Rao., 2008 rocks of CSZ-MB comprise
dominantly of charnockite gneiss and amphibolitemdg quartzofeldspathic migmatite
gneiss along with intrusive granite gneiss and itgaifhe Madurai block south of the
PCSZ is composed of granulite grade charnockitasgnaong the northern slopes of
Kodaikanal-Palani hills. In the eastern and sowhteyn margins the charnockite and
migmatite gneiss are in contact with meta-sedimgntssociations (Toshiaki and
Santosh., 2003). The rocks in this terrain yielddeldSm-Nd age of 2.1 to 3.0 Ga and
younger ages of ~500 Ma corresponding to the I|&an-African granulite grade
metamorphism in this terrain (Harris et al., 19®tandon and Meen., 1995). The
87SrfoSr andeNd, value of this terrain ranges from 0.70953 to 0.B4aRd -32 to -24
(Bhaskar Rao et al., 2003) respectively. Thus weetbat in general theNd, values of
NGB, particularly of BR hills is distinctly more gative in comparison to the values
obtained for Nilgiri hills, shear zones and the M block. The®’SrP°Sr values for
Nilgiri hill and Biligirirangan hills are lower andhow an increase on moving south in
the shear zones and the Madurai block. Thus tosasee erosion distribution of
sediments from the granulite terrain we can forre¢hend members (i) (BRG- BR hills
granulites/Gnessis and CSZ north of PCSZ (BRG-C8iJ) (NHG - Nilgiri hills
charnokites and Moyar shear zone (MSZ) (NGH/MS2Z) &) CSZ/MB CSZ south of
PCSZ and charnokites/Gnessis of Northern Maduaaikb{ KDH, NMB, MB). BRG end
member is distinctly different but NRG shows ovpria their®’Sr°Sr values with BRG
and ofeNdy values with SZ/MB end member. The SZ/MB group ®idct from the BRG
and NHG group only in theY'Sr£®Sr values.
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The Cauvery delta receives sediments as discusstlier section by tributaries
and main channel draining the above three end mefitbelogies. The main channel
and tributaries mainly Chittar and Palar drain @ndde the BRG, whereas the Rivers
Bhavani and Moyar bring sediments eroded from tHéGN The major tributary
Amravati drains through the northern part of the MBd southern part of CSZ in
addition to the main channel flowing through theSZC The major factor which may
bring in the variation in erosion distribution img region is the rainfall and the relief. As
discussed earlier the Sr and Nd concentrationgtagidisotopic compositions are within
the range of above three end member groups formparg of the Southern granulite
terrain and falls outside the range of compositiofisrocks from Dharwar Craton.
Therefore we have attempted to interpret the \iariain the®'Srf°Sr andeNd, in the
Uttrangudi and Porayar core sediments in termsasfation in mixing proportion of
BRG, NH and CSZ/MB (Fig.5.19 and 5.20). TH&r°Sr andeNd, of the sediments
from Uttrangudi shows five major excursions at tdept22, ~16, ~5.8, ~4 and ~2 m. The
positive excursion in boteNd, and’SrP°Sr observed at ~22, ~5.8 and ~2 m indicate
increased input from the SZ/MB as the rock typesnfithis terrain is characterised by
having both high®’SrP®Sr ratio andeNd,. The prominent excursion at ~16 m depth
particularly towards lowegNdpindicate towards definite increase in input frora BRG
as this terrain is having distinctly lowed, values. One may argue for the lowering of
eNdo values due to input from the DC. But we rule outrs;mg of sediments from the
DC as they have distinctly higher value@rf°Sr (0.74 - 0.8) which is not reflected in
the 8’SrPeSr values of sediments at this depth, although ey a slight positive peak.
As discussed in earlier section the slight posiéxeursion in®’SrP®Sr at depth may be
related to weathering related enrichment as themsgds at this depth are highly
weathered Other negative excursior®i8rf°Sr andeNd, observed at ~4 m depth may
also be due to increased input from BRG. The sedlirhetween 6 to 14 m depth show
anti relation between Sr and Nd as indicated byemm®e ineNdy value with the
concomitant decrease in th&rP°Sr values. This relation betwedfSrf°Sr andeNdois

observed in the rocks from NHG region suggestimgtito have dominantly sourced the
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sediments for this part. Thus we observe a tempeaahtion in the dominance of

sediment supply from different regions of the gtaaderrain.

The Uttrangudi sediments as stated vary in thegrfagm Upper mid Pleistocene
to Holocene. Only the top 7 m of the core is of dd@ne age and the sediment at ~9 m
depth has been dated ~193 ka. It is observedhhdteéquency of fluctuation in source of
sediments at Uttrangudi site increased during tbea¢éne period. The sediments from
Porayar location show uniforf{Srf®Sr values of ~ 0.713 except for two excursions
observed at ~18 nf’SrP°Sr = 0.72) and 8.3 nf'6r°Sr=718) depths. In contrasiid,
values show larger variations of upto -10 in thkedd, values with a range of -34 to -24.
The excursions towards higheNd, observed at 19.23, 17.85, 13.5, 8.42 and 4.26 m
depth would suggest increase in input from the SZ/Mbmain, whereas excursions at
23.48, 21.73, 15.73, 10.29 and 6.47 m depths stggesease in input from BRG and
NHG terrain. Thus we see that the sediments fromay2o core, which represents for
most part the Holocene show frequent changes isdhece domain as observed in case

of the Holocene sediments from Uttrangudi core.
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Figure 5.19: The depth wise variation of Sr isotope atly values of Uttrangudi core along with the range alues for different
lithologies in the source region shown in box aboMee major lithologies include from bottom to tapC-Gnessis
Dharwar Craton (DC) (Bhaskar Rao., et al 1991 &dvier., et al 2002)BRG Charnockites and Gnessis of BR Hills
(Bhaskar Rao., et al 200HG/MSZ enderbites from the Nilgiri Hills ( Raith et al999, Bhaskar Rao., et al 2003)
/(Hbl Bi Gnessis Moyar Shear zone (MSZ) (Meisnet.al 2002) SZ/MB Charnokite gnessis(CSZ) (Bhaskar Rao., et
al 2003),(Charnokites Palghat Cauvery Shear Zo&SH (Bhaskar Rao., et al 2003, Choudhary., e2@1,1),
Charnokites and Migmatitic gnessis from Kodaikafglls (Bhaskar Rao., et al 2003), Madurai Block (MB omson
et al., 2012) and Northern Madurai Block (NMB) (®a et al., 2012).
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Figure 5.20: The depth wise variation of Sr isotope amtly values of Porayar core along with the range of emlior different
lithologies in the source region shown in box aboMee major lithologies include from bottom to t&pC-Gnessis
Dharwar Craton (DC) (Bhaskar Rao., et al 1991 &der., et al 2002)BRG Charnockites and Gnessis of BR Hills
(Bhaskar Rao., et al 200HG/MSZ enderbites from the Nilgiri Hills ( Raith et al999, Bhaskar Rao., et al 2003)
/(Hbl Bi Gnessis Moyar Shear zone (MSZ) (Meisnetral 2002) SZ/MB Charnokite gnessis(CSZ) (Bhaskar Rao., et
al 2003),(Charnokites Palghat Cauvery Shear Zo@&S@ (Bhaskar Rao., et al 2003, Choudhary., e@L1),
Charnokites and Migmatitic gnessis from Kodaikafils (Bhaskar Rao., et al 2003), Madurai Block (MBomson
et al., 2012) and Northern Madurai Block (NMB) (®a et al., 2012).
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5.3.7 Isotope Mixing

The two component mixing component for Sr and Nd& werived by (Faure 1977). In

the case of Sr having different concentration autope ratio th&’Srf®Sr ratio of a

mixture is
(=) =(2) 6+ xa-(E) — 69

The equation contains two kind of weighting factdgs and 1-k expressing the
abundances of components A and B, wheregtS&r and Sg/Sry are the fractions of Sr

in the mixture contributed by components A andeBpectively.

The mixing hyperbola based on equation 5.1 wasw@ed for Nd. The equations for Nd
are

(m_Nd)Mz(mNd) fA(NdA) (ﬁ_xd) x (1 — fA)(NdB) — (5.11)

144p4 144p4 Ndy

The isotope ratios of Sr and Nd are effective comation because the geochemical
properties of the Rb-Sr system differ markedly fritrose of the Sm-Nd system .The Sr-
Nd isotopic mixing hyperbola was used for compogsextB and C which represent three

source members.

On a Sr-Nd mixing diagram (Fig 5.21) we interprée tmixtures of the
investigated sediments between three possible emdb@rs. The three end members as
stated earlier include BRG - Charnokitic rocks fr&RG hills and CSZ and other end
member NHG include enderbites from Nilgiri high damassif and Moyar Shear zone
(MSZ) and third end member CSZ/MB include Charriokibcks from CSZ/MB block
and Kodaikanal region. The BRG and NHG end memizees observed to have
contributed 70% to 90% whereas the CSZ/MB domiobiserved to vary between 10 to
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30%. In four samples the CSZ/MB is observed to hbaigher contribution ranging
between 45 to 50 %
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Figure 5. 21: Sr-Nd mixing diagram of the investigated sedimdaliing between three
possible end members. The three end members aradgitec rocks from
BRG hills, Enderbites from Nilgiri high land massiind Shear zone
(PCSZ) and third end member Charnokitic rocks fl@gZ/MB block and
Kodaikanal region. The data for mixing diagram Heen taken from
(Raith et al., 1999, Bhaskar Rao., et al 2003, @havy., et al, 2011).

From the above discussion we may conclude thatsgdiment contribution
during the Pleistocene period as observed in Wtrdncore was dominantly from the
BRG and NHG domains. The contribution from SZ/MBndon is observed to have
mainly increased towards the late Pleistocene amdircied through the Holocene. In
contrast we observe that the contribution from 36 hemained minimal for the entire
period. Observations made on the basis of REE oseitipn of these sediments also
indicate predominant contribution from SGT and mmai input from the DC. The major
factors which control the erosion of sedimentsrarefall and relief. In the studied area
we find that the entire catchment region of the@ay River lies in the rain shadow zone
of south west monsoon that is blocked by the bafeemed by the Western Ghats
located towards the west. The major contributionagffall in this region is from the NE
monsoon. If we look into the rainfall distributigrattern (Fig 5.22) we observe that the
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maximum rainfall is received in the Nilgiri hill;é the Palani Hills of Madurai block.
The annual rainfall in the Shear zone region, BIR ind the Upper catchment region is
similar, but we observe that in BR hills and theahzone region the maximum rainfall
occurs over a shorter duration, whereas in Mysdage®u region the rainfall is spread
over longer period. Higher rainfall over shorteripé leads to more surface run off
leading to greater erosion in contrast to similalower rainfall, which is distributed over
a longer period. In such case the surface runafédsiced. In addition to this, the relief
may have also led to variable erosion distributidine upper catchment region
comprising of DC has lower relief and form a langlateau with gently undulating
topography (Fig 5.23). In contrast the SGT is tgion of high relief particularly in the
chrnockitic region. The charnockites in SGT forrgliand massifs with high relief that
may facilitate erosion. Thus higher rainfall spreacr shorter time period along with
higher relief in the SGT, together, may have reslinh higher erosion of the SGT rock in
comparison to the DC where rainfall is comparayivielss and is spread over longer
period along with the gentle topography of the @agiThe temporal variation in input
from different parts of the granulite terrain mag/due to the local variations in rainfall at

different times as is common in monsoonal raindezhs.
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5.3.8 #'Sr/%%Sr in leachate fraction: implication to temporal and spatial varation in
groundwater chemistry.

Sr is easily leached from mineral and is presenthi dissolved state in the
aquatic system including the pore waters. The @opges do not get further fractionated
in the water by any chemical or biological proceBise 8'Srf®Sr ratios in water may
change only as a result of mixing of two differgrdter masses. Sr from water is taken
into many secondary solid phases hat precipitate obuhe solution or that are in
equilibrium with the water. Thus t&Srf°Sr isotopic of several secondary phases acts as
the proxy for the ratios of water from which thegvke precipitated or equilibrated
(Casanova and Négrel, 1995; Négrel et al.,1997mideh et al., 1997; Vonhof et al.,
1998;Casanova et al., 1999).Sr is chemically aogbfscally uniform in ocean water due
to it longer residence time (2-5 Ma) that excedusmixing time of ocean water (<10
yr). The Sr isotopic composition found in streanmsl ayroundwater has been found
variable depending upon the chemical weatherindiftérent types of bed rocks (Faure
et al, 1963). Thus Sr isotopic concentration haanldeund useful as a natural tracer to
study the streams that drain through different kiofidock types and to recognize the
subsurface movement and chemical evolution of giaater (Eastin and Faure 1970;
Stueber et al 1975; Fisher and Stuber 1976; Frargdyal 1991; Aramstrong et al, 1998).
We have performed sequential extraction to invagtighe Sr isotopic composition of
different secondary phase to evaluate the chamgtipore water chemistry at various
times and its relation with the silicate phase edisients and also with the continental
and sea water. The results 88rf°Sr analyses done in four leachates fractions on
selected samples of Uttrangudi core and three &asHrom Porayar core are given in
(Table 5.5 and 5.6). The leachate fractions andlyse (i) exchangeable phase (Exch)
(i) carbonate phase (Carb) (iii) Fe-Mn phase am) QOrganic phase (ORG). The
87Srfor ratios in different leachate fractions and #sdual silicate phase are plotted in
(Fig 5.24 & 5.25) along with Rb concentration oflbsediment. For reference, line
indicating 'Srf°Sr) value of sea water and present day CauveryrRiaer in delta
region are also plotted. In Uttrangudi core we olmsehat the®’Srf°Sr isotopic ratio
values of the leachate fractions do not show muaetation from bottom 24 m upto ~6 m
depth and their values are also similar. PF@rf°Sr value of the residual phase also
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exhibit gradual decrease from bottom up to 6 m ldepithout any major excursion
except one noted at 15.1m. Similarly Rb also shawgsadual increase within a narrow
range for this depth without any excursion. TH&rP®Sr ratios of exchangeable,
carbonate, Fe-Mn and organic phases of the sedsnvdtttin this depth exhibit similar
trend falling between seawater and river water emlu.e. 0.7091 and 0.71429
respectively. This would suggest that the Sr isetsignature of leachate fractions in this
part has been determined by the mixing of river salthe water. Above 6 m depth that
constitutes Holocene sediments we observe incrgaséSrP°Sr values of leachate

fractions with four positive and three negativelgsmns.
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Fig-5.24:  The®'Srf®Sr ratios of exchangeable, carbonate, Fe-Mn ananizgphases
of the Uttrangudi core sediments exhibit similangls falling between
seawater and river water values (Pattanaik e2806).. For comparsion
are plotted®’Srf°Sr ratios of residual silicate phase and Rb comagon

(in ppm).
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The ®’Srf°Sr values in this part are also seen to skew tosvandl center around
the river water composition. Two major positive essions coincide with the similar
excursions of 8’Srf°Sr in residual silicate phase and the Rb in thé& kabiment. This
would lead to infer that in this part there wasgéiaetic addition of Sr to the pore water
by breakdown of minerals in the sediments, which raore radiogenic and further the
influence of saline water had also reduced or @kasas also to be noted that the Sr
isotopic values of leachate at 3.8 m depths exct#ezlsalue in residual silicate phase.
None the less the values 8fSrP°Sr ratio in residual silicate phase in sediments
underlying and overlying this part are higher thia® leachate fraction at this depth. This
would suggest addition of Sr into water at 3.8mtdefpom underlying and overlying
sediments, which may have got diagenetically aitemed released high radiogenic
87SrfoSr into the pore water. High radiogefiSrf°Sr in sediments above 6 m depth

indicates change in the source.

Similarly the ®’SrP°Sr ratios were measured in carbonate, Fe-Mn anenarg
phases in sediments from Porayar core and areeglatt Fig 5.25. The sediments in
Porayar core for most of its part have been deposit an estuarine environment and are
Holocene in age except below ~20 m depth. The ssmasrbelow 20 m depth are older
sediments of Tertiary or Cretaceous period. Thenseats between 15.5 m and 20 m
depth are fluvial in origin and are oxidized tofelient extent. The estuarine environment
is interpreted to have established from ~15.5 marde as indicated by presence of
foraminifera. The lower value 8fSrf°Sr in carbonate, more closer to sea water values,
indicate dominant control of saline water. The aigahas relatively higher, although
fluctuating value compared to carbonate phase 1ptm depth from bottom. This would
indicate that the organic added from the contifeataironment and could not attain
equilibrium with solution in the depositional ersfiment. Above 12 m up to 4 m both
carbonate and organic fraction exhibit similar ealuhat are closer to the seawater
values. This would suggest that the organic in plait equilibrated with the saline water.
Above this depth, sediments may have deposited thiteestuary was filled and changed
into fresh water®’Srf°Sr in both carbonate and organic show shift towaids water

composition. Unlike carbonate and organic leacfrartion,®’Sr/®Sr ratios in the Fe-Mn
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leachate fraction show a gradual increase upwatld mvinor fluctuations. This exhibits

no relation with thé’Srf°Sr values of the residual silicate phase and absnad follow

the changes observed for carbonate and organie p@a® possibility is that the increase

in %SrP°Sr value may be related to selective weatheringmifierals with more

radiogenic value of®’Srf°sr.
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The depth wise varation f{Sr°Sr ratios of exchangeable, carbonate, Fe-
Mn and organic phases of the Porayar core sedim&idge that the
87SrP°sr values in corbonate are closer to sea watepostion compared
to Uttrangudi core For comparsion are plott&rF°Sr ratios of residual
silicate phase and Rb concentration (in ppm).
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SUMMARY AND CONCLUSIONS

The Cauvery River originates from the Brahmagingas of Western Ghats in the
state of Karnataka and flows for about 800 km leefbjoins Bay of Bengal along the
east coast of south India. For most of it lengthtapdelta the main channel and its
tributaries flows through the Archean gneisses bafvarCraton and Archean to early
Proterozoic granulite grade rocks chiefly compgsiof charnockite and retrogressed
amphibolites grade migmatite gneisses and mylomgjtieisses. In the delta part it is

bordered towards north and south west part by argréedimentary covers.

The River has formed vast fertile delta after waimg into several distributaries
beyond Tiruchirrapalli where it has deposited thpiles of fluvial and fluvio-marine
sediments in response to sea level rise and Tdiks.Holocene and Pleistocene sediments
of present Cauvery River delta has formed by erpaitd later deposition over the older
sedimentary formations of Cauvery basin depositadnd Tertiary and Cretaceous
Period in the intra-cratonic rift basins. In anliearwork, the radiocarbon dates obtained
on the borehole peat in delta, suggested that ttecene sediments are 3 m thick about
50 km inland and about 30 m thick near the preseoteline (Sadakata.,1980).

Textural, geochemical and isotopic studies wereiezhrout on the subsurface
sediments obtained from the two sediment coresdoiied in the Central east marginal
part of the delta located at Porayar, ~2 km inlanch the present coast and the other in
the southern distal part of the present day dettated at Uttrangudi ~30 km inland. The
main objective of the present study includes (Idarstanding ofthe spatial and temporal
variation in the texture and weathering intensitysediments in the Cauvery delta and
their influence on the chemical composition of seliments and (2) to determine the
spatial and temporal variation in provenance ofgédiments using the REE and Sr-Nd
isotopic compositions of the sediments and infer thle of climate and relief on the

source variability.

On the basis of texture and other physical parasmetech as color of the ~30 m
core sediments from Uttarangudi location it is iréd that the whole sequence was

deposited in fluvial environment and contains clenievee, flood plain and flood plain
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marsh and lake deposits. It is mainly composed wtipte cycles of channel and flood
plain sequence deposited mostly in the low energyrenment. The radiocarbon and
OSL dates obtained on the core indicate a longkhireaediment record between the mid
Pleistocene and Holocene deposition, which woulfyest a period of non-deposition or
of erosion during the period of lower sea levele ottom six units (unit | to VI) from
30.75 m to 7.5 m depth comprise the Pleistocenesiepand the top 3 units i.e. 7 m
upward constitute Holocene deposits. Both Pleistecand Holocene sediments in this
core are composed of clayey silt, silty, sandy siftg sand beds and the channel sand at
places is underlain by gravely to pebbly sand ufiitee sediments are at different depths
are light brown, dark brown, grayish, greenish ggrayish brown, grayish black to redin

color. Calcretes are present at various depthshengediments at places are also mottled.

Similarly in the 24m core studied from Porayar toma the late Pleistocene
sediments are found to unconformably overlie lidufCretaceous or Tertiary sediments.
This indicates erosion of almost all the Pleist@ceadiments in this region during the
period of lower sea.The presence of foraminifes te late Pleistocene and Holocene
sediments from this location indicate their deposiin an estuarine environment or bay.
Except for the bottom sediments below unconfornaityl the late Pleistocene to early
Holocene sediments, that are brown to light yelloweolour, almost the entire top upto
14m depth of the core is dark grey to black in aal@he top 14m is organically rich and
contains foraminifera and ostracoda tests in agidito whole or broken macro faunal
shells of saline to brackish water affinity. Theeets composed of clayey silt, silty clay,
sandy silt or silty sand sediments.Calcrete isgmesnly at ~17 m depth otherwise it is

absent.

The vertical down core distribution characteristafsmajor elementsin ~28 m
core from the Uttrangudi and 26.5 m core from Paralpcation showsignificant
temporal variations. The down core variation trem&iO, concentration is observed to
follow the trend similar to that exhibited by thansl percentage and opposite to the
variation trend of silts. This suggests texturahtool on its concentration and also
suggests that the sand is relatively enriched artquOther elements such as Al, Fe, Ti,

Mg and Mn are seen to follow the trend shown blyasild opposite to that of sand. This
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would suggest that the minerals holding these eltsr@re mostly concentrated in fines.
In Uttrangudi core N#D, K;O and CaO show a weak but positive correlation \Bit®,
and sand %, and negative correlation withG3land silt % in lower part i.e. Unit | to VI,
which corresponds to the Pleistocene deposits, ealsein upper part i.e. Unit VIl and
VIII they exhibit negative correlation with Sj@ind sand and positive correlation with
Al;0Ozand silt. This may imply that in zone | to VI, i28 m to ~8 m depth, feldspar is
dominantly held in sand fraction, whereas in zorleavid VIII it is predominantly in silt
fraction. In Porayar core sediments,@aCaO and to a great extery@Xshow behavior
similar to SiQand sand suggesting that feldspar in these sedimeatalso mostly hosted
in sand i.e. they constitute the coarser fractibnsTwe may conclude that in the studied
sediments from both the locations quartz and felddprm dominant part of sand,
whereas the mafic minerals or their weathering pcodre mainly held in silt and clays.
In Uttrangudi core we see abnormal increase in bticentration at certain depths which
at places are associated with abnormally high auratons of Ba. The abnormal high
concentration of Mn alone may suggest that thes&dms have undergone variable
degree of Pedogenesis. The depths showing higherentration of Mn paired with
corresponding increase in Ba suggest redox coettgkecipitation of Mn in horizons
that were initially rich in organic deposits. Mnreemay have got mobilized in anoxic
environment created below the organic layer and naay moved up with the pore water
and got deposited in the oxic environment prevgilabove the organic layer. Ba is
known to get enriched in organic matter and thghér concentration acts as proxy for
organic rich horizons. These horizons are finetgiteated and may represent deposition
under water in flood plain swamps or lakes. Amohg trace elements the similar
variation pattern observed in Ba (except where #feyw abnormal increase) and Sr and
their similarity with the variation pattern of N@a and K suggests that these elements are
also held in feldspar. The trace elements Ni, @ ércorrespond to the variation pattern
of Al, Fe, Mg, Mn and Ti indicating that these ekmts are held in mafic and clay

minerals.

In log Na&O/K,O vs. SiQ/Al,O3; diagram most of the Uttrangudi borehole

sediments plot in litharenite and subarkosic fi€ldw sediments from greater depth plot
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in arkosic field suggest that these sediments hastehigher amount of Na i.e. undergone
greater degree of plagioclase weathering. Comp#wethis all the sediments from
Porayar location plot in the litharenite field. Tipdot of sediments in litharenite to
subarkosic field indicate that the sediments frathlihe cores are poorly sorted and are
immature. In log Si@AI,O3;vs.log FgO3/K,0 diagram the sediments from Uttrangudi
borehole plot in the field of Fe-sandstone and lr®es whereas the Porayar sediments
plot below the Uttrangudi sediments in the fieldvedicke and shale. Higher ratio of
FeO/KO below 16 m depth in Uttrangudi core is probabdgduise the combined effect
of Fe addition due to early digenetic processegresby Fe may have got added from the
solution as indicated by higher mottling seen idiments from this zone,and higher

degree of weathering exhibited by their lower Nd Knconcentrations.

On comparison with UCC weare able to conclude tiatPleistocene sediments
of Uttrangudi are different in their chemistry coangd to the Holocene sediments of the
same core and the Porayar core. The major differémén terms of mobile elements.
This would suggest that the Pleistocene sedimentsnare weathered in comparison to
Holocene sediments of both locations. This is alsgicated bychemical indices,
chemical index of alteration (CIA) representingeimgity of weathering, which is higher
for Pleistocene sediments (70 to 97) from Uttramgumte in comparison to Holocene
sediments from the same core (CIA = 52 to 80) aachfPorayar core (CIA = 50-80).
The relatively lower weathering of Holocene seditsefitom both boreholes is also
indicated by their overall closeness to the feldsj@ line in the A-CN-K plot in
comparison to Pleistocene sediments. This wouldyestgthat during the late Mid-
Pleistocene period the climate was more wet andicdhum comparison to Holocene

period.

In the A-CNK-FMdiagram sediments from the Uttaragigboreholeexhibit a
trend moving away from the CNK end towards the A-fovh. The movement away from
CNK & FM indicates mobilization of Ca, Na, K, FedaMg in all suites of Uttrangudi
sediments and enrichment of Al in finer ones. Ualikis in the plot involving Porayar
sediments, we find the trend moving parallel to @¥K-FM line suggesting that the

shift in position of plot is due to differing progimn of feldspar and mafic minerals in the
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sediments. Thus we may conclude that the chemeahtions in Porayar sediments is
solely attributed to be process related, whereablttrangudi sediments the trend in
addition to physical process of sorting has alsenb@fluence by secondary process of

weathering and diagenesis.

The potential provenance for the Uttrangudi andai?ar sediments are the rocks
of Archean age exposed in the catchment area o€#hwery River. These include the
two major terrains, (i) the northern greenstonenigeaterrain of Dharwarcraton (DC)
consisting of granite Gneisses and minor mafic atnoistal rocks and (ii) the Southern
Granulite Terrain (SGT) composed of felsic to intediate charnockites that are
transected by several shear zones. The charnookitke SGT form high standing hills,
whereas the gneisses in Dharwar craton and the gbeas form the low relief areas at
different elevations. The bulk composition of thedisnents apart from the source also
depends on the degree of weathering and latengoadtiring transportation. During the
process of transport and deposition, differenti@ichhment and depletion of different
elements takes place in finer and coarser sedinter@go the resultant mineral sorting.
Coarser sediments in general are enriched in sdiwd depleted in other elements
particularly Al, Fe, Mg, Mn in comparison to theusce due to concentration of mafic
minerals in the finer size fraction constituting thner sediments. As a result the plot
among the ratios of above elements particularlyitiraobile elements and silica shows a
wide linear array passing through the plot for $wmurce. In contrast the ratiosof
immobile elements tend to retain the ratios ingberce and do not show a wider range.
Thus the plots among the ratios of immobile element sediments help in better
constraining of their source. In the present stilngyplots of Fe/Ti vs Ti/Al in sediments
along with the probable source rocks has been tsednstrain the source. The plot of
sediments in present study show clustering of gatats of Pleistocene sediments from
Uttrangudi and Holocene sediments from Porayarikdrihe above two the Holocene
sediments from Uttrangudi do not cluster togethmri instead form a linear array
displaying large variation. This would suggest thila¢ Holocene sediments of the
Uttrangudi have received input from differing sasat different times. On comparison

with various source lithologies we find that theegises of Dharwar Craton separate out
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in this diagram and plot away from the sedimentenfrlUttrangudi as well as Porayar
sediments. The sediments from Porayar show an apvenlith the field of plot of
Charnockites and the Gneisses from the transitoore and charnockite from the Cauvery
shear zone/Madurai block, Cauvery shear zone, iKadal region and Non garnetiferous
charnockite from Nilgiri hills. This would sugget$tat the SGT rocks have acted as the
major source for Porayar sediments. Unlike Poraila, Pleistocene sediments from
Uttrangudi do not show any overlap with the abowentioned catchment lithologies and
plot towards lower Fe/Ti and higher Ti/Al end. B interesting to find that these
sediments show overlap with the plots of represmetd ertiary rocks exposed west of
Uttrangudi location. This would suggest that therse for Uttrangudi was local and it
did not receive sediments directly from the uppeatclement region during the
Pleistocene. Thus to further verify the source wgehcompared the REE and Sr-Nd
isotopic composition of the sediments with thattioé rocks exposed in the present
catchment region. From our REE results we infet tha source to the sediments have
been Charnokitic rocks from high standing hills Milgiri and Biligirirangan hills
forming part of the Northern Block of the SGT alowgh and the Kodaikanal-Palanai
hill region forming part of the Southern Block of5$ also together known as the
Northern Madurai Block (NMB). In addition to abowle migmatitic gneiss and
charnockite from the NMB also appear to have aasdthe source. There is also

probability of a local source in form of Tertiaryaks for the Uttrangudi sediments.

We have compared Sr and Nd isotopic compositigh@kediments in an attempt
to further discriminate the erosion variability amgo different regions of southern
granulite terrain which has been inferred to hastechas the major source for the studied
sediments. Thus to assess the erosion distribofisediments from the granulite terrain
we have grouped them into three end members (ihB&granulites (BRG) (ii) Nilgiri
hills granulite (NHG) and (iii) Shear zones and Maad block SZ/MB. BRG end member
is distinctly different but NRG shows overlap ireith®’Sr°Sr values with BRG and of
eNdo values with SZ/MB end member. The SZ/MB group tidct from the BRG and
NHG group only in theif’Srf®Sr values.
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On comparison of the Sr isotopic agldd, values of sediments with above end members
groups we find that they have contributed in diffgr proportion from upper mid
Pleistocene to Holocene period. TH8rf°Sr andeNd, of the sediments from Uttrangudi
shows five major excursions at depths ~22, ~163,~% and ~2 m. The minor positive
excursion in botleNd, and®’Srf°Sr observed at ~22, ~5.8 and ~2m indicate increased
input from the SZ/MB as the rock types from thigden is characterised by having both
high 8’Srf°Sr ratio andeNd,. The prominent excursion at ~16 m depth partitylar
towards lowereNd, indicate towards definite increase in input frone BBRG as this
terrain is having distinctly lowegNd, values. Other negative excursion®®rf°Sr and
eNd, observed at ~4 m depth may also be related to aseck input from BRG. The
sediment between 6 to 14 m depth show anti reldiegiween Sr and Nd as indicated by
increase ireNd, value with the concomitant decrease intf&/£°Sr values. This relation
betweerf’SrP®Sr andeNdois observed in the rocks from NHG region suggestiregn to
have dominantly sourced the sediments for this ftais observed that the frequency of
fluctuation in source of sediments at Uttrangutk sicreased during the Holocene period
i.e. above ~7 m depth and it also record an iner@asnput from CSZ/MB block. The
sediments from Porayar location show unif®i®nf°Sr values of ~ 0.713 except for two
excursions observed at ~18 MSrP°Sr = 0.72) and 8.3 nP6rP°S r=718) depths. In
contrasteNd, values show larger variations of upto -10 in tledd, values with a range
of -34 to -24. The excursions towards higbMid, observed at 19.23, 17.85, 13.5,8.42,
4.26 and 2.8 m depth would suggest increase int ifnpm the SZ/MB domain, whereas
excursionsat 23.48, 21.73, 15.73, 10.29 and 6.48pthd suggests increase in input from
BRG and NHG terrain. Thus we see that the sediméots Porayar core which
represents for most part the Holocene also shoyuémt changes in the source domain as
observed in case of the Holocene sediments fromamgjudi core. In contrast the
fluctuation in source during the Pleistocene is esquent and the source is observed to

fluctuate mainly between NHG and BRG.

From the above discussion we may conclude thatstdiment contribution
during the Pleistocene period as observed in Wtrdncore was dominantly from the

BRG and NHG domains. The contribution from SZ/MBn@on is observed to have
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mainly increased towards the late Pleistoceneamdimzged through the Holocene. In
contrast we observe that the contribution from 36 hemained minimal for the entire
period. Observations made on the basis of REE oseitipn of these sediments also
indicate predominantcontribution from SGT and miaininput from the DC. It is
inferred in the present study that differences éfief in addition to amount and
distribution of rainfall in the year had dominantigntrolled the sediment supply from
source region. The rainfall distribution patterrdigates that maximum rainfall is
received in the Nilgiri hills and the Palani Hillé Madurai block. The annual rainfall in
the Shear zone region, BR hills and the Upper caéctt region is similar but we observe
that in BR hills and the shear zone region the maxrn rainfall occurs over a shorter
duration. In contrast the rainfall over Mysore B&at region,formed of gneisses of
Dharwar Craton, is slightly less as well it is sgfever longer period thus may generate
lesser surface runoff. Higher rainfall over shorperiod leads to more surface run off
leading to greater erosion in contrast to simikalowver rainfall which is distributed over
a longer period. In addition the DC has lower fehecomparison to NHG, BRG and MB
terrain. Therefore the higher relief in additionhigher rainfall spread over shorter time
in the SGT together may have resulted in highesieroof the SGT rock in comparison
to the DC. The temporal variation in input fromfdient parts of the granulite terrain

may be due to the local variations in rainfall #fedent times.

Further study on the Sr isotope composition of #wechangeable phases
associated with the sediments indicate temporal spadial variability in the isotopic
composition of ground water. The isotopic compositof the leachate fractions
(Carbonate, Fe-Mn and organic phase) that are segdp act as the proxy for ground
water indicate that the ground water during Pleist@ resembled the mix of fresh water
(taken as present day River composition) and ssarin equal proportion. In contrast
the Sr isotopic composition in Uttrangudi core fbe Holocene period shows a shift
towards River water composition, whereas the inafar sediments it shows greater
affinity to sea water composition which is expectslthese sediments are inferred to

have been deposited in an estuarine environment.
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