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CBAPfD I 

llfaoDUH!()I 

Ill reo4Jilt yeara, o cnat deal of atMatl.oa 

is &~veo to t-he detail ata4y ot ·emall a-nd •tc 
rt••••• _.,.,.various aepeots ldo oone14erati••• . 

Aparl ,,_ ibe pollvtf.otl at]uaot, ttlo eta4y of a•· 
oll .. t.oal prooeeaea oterat181 111 tJ&e river 'tto.al11e 

ad coaputatloa of ues-•ra•fer In• led to ooeaa 

are otber Ulportant aapoota .of river 1tasla studies. 

v.arioua worker'$ are engagetl tu tbla tield of lcnstl• 

gattcm. Alekt.a alllt ln.alltd..c0va, ( l960) uv• ctou 

aucll work la th4 S.W.•t ihdon. Ia tile Val ted States, 

Glltbe (!967, 1970), 14Ytag•toae (i96') an4 GroYe (1971) 

baY• •orke4 ita tbi.s f1e14. Oetil tb.e PfllJlicalloa of 

· Manill . aa4 Key'I)MJl ( i979) t tbe 11 kra.tu.re reY1ew •• 

tho obomJ.oal o•ton •soa ·ot •urteo• water pallltebea 

1t7 Livinaatoe• ( tt,J) waa coaslcter•tl to be the ••t 
ooaplete set of tata oD Ill& •t•ere. 

tld'till aM MeytJHIC ( !t7P) t ltd•A oa lit•ra$tlM 

revtp and lbe aualyats o.t •re lhau -'0 e:l-..t• ia 

tu A~~Azett, co.,o, ••••• •aaweaa, s.ao-a • ._10ua 

au Gdaooo rtYers •••Iilli wbole •pe:otr• ot •rfllO

el!Dit\tlo ltatuea, u•• p'ltlitlut4 •aas 11a1a11e etu.diea 



lor vadouo elements present in tbe river p1rttculate 

matter.· Ia or4er to study weathering oa a global 

soale tbe total obsenred elemoutal tld':.,(ttl•aolYe4+ 

part1oalate) bave been eattmated and co•pand wttb the 
~........ - ~ 

. ~ ; theoretical values. fbe disorepauctes observed, 
~ ,...,. ... : - ~ . -

bave beea attempted to osplatc by hypotbBses l11f'OlY•· 

1Dg elther t.lle natural •rigitl (volcnrltc ").ust, raari...,. 

Aerosols, geoobealcal tractt.onat1or1) or tile artlftclal 

o.-1.g1D (World wide pollution) 1 etc. They llave &lao 

sbowa tbe 1ntluenoe ot nver lttpats on the eoaposittoo 

ot ma~lne sedl=e~ts. 

Gibbs ( 1967) has done esteaet.ve von oil Mt1aoa 

River Dadn ~4 oonclU4e4 that lnoreasetl•l'ellet 

pbys1eal weathering domlbates 111 A.ndeau ~mnent, 

which controls tlae geocboetetry o:t Asmoa Blver. 

Blsaty sis per cent ot tbe total dissolved salts 

discharged by Amazon t.s eupplted troa the t.t per 

cent ot the ~otal area o.f tbe ltastn coKDpri slDg 

mcumtanetas environment type. El&btr two per cent 

ot tlle total e\lepeatte4 soli4e discharged by t.be 

Amallon was supplied .tro• aouutaneous etJVlroDJlleDt 

type. Be bas also JOiDteli oat t.be control of relief 

an4 rock type oa the lllneralogy of J.-cded sedlmerat. 



40eor4&rtll to OlbU (867) tureaaed l'ellet pby1t.cal 

veatllerf.JJ& eoatnlle4 th·e ·;en~ $ages of , .... ._. 

plaaloola.-o,. C.t_elapor, a•, cblor1 te au a-.••· 
' 

bole and tb.e penentege of caloio roa iQ the •fper 

porttoa ot trt.butarr · llnatae ooe•rol1e4 ••••rtllo-. 

ate oonce•tntin vblle the pe.roeataa-ot aolf.Dtte 

au atttbeite te ooetroll.S '' a oOlll'lleatton of low 

relf..e~-olleldcal wealbertaa au •••••taateol taaeoua 

: d4 ••tMOrphio ncb. 

Carboael a& :tertJ•ok- ( lt7S.) coaoladed oftor 

tllel~ etady d •ater tua1i ,, of ttle ~e~q at ....... 
/ 

that ohad.cal Clllality ol the R:eurc is .bigbl1 vu-ta-

ttlt· ( tot•l toa ·entcnat NllSecl tna Go to '" fJUI) ~' 

Ae aetael ooaceoW.tloa deena••• wttb inereaelq 

tlaobarge oO&d.og l.n• rloo4e4 tft.batadu. fte 

•otal aiural traJaeJOrt to t·be ooeaa is •••tute4 

to 59·5 x to6 toae/~••· oa tbe eolltrary to the 

Aaaaoa ·111 wtllciJ. ••• ot tb• 4l&•ol•e4 trauJtf'l. oo••• 
lroa bl&b •••taaeoo• eaVS.ro8aen ,, tbe ~c;oq M.wr 

seta tbe ea.Jer portloll ot d:lsaolve4 load troe U.. 

'ba•ta. his roat.otll1 au.ell asesed to Qlo he •nrag• 

41eeolv.a Vtlll$f0rt of '' t~Da/-'17•ar iM,&te ot 
its •t.a.alttto4e relief. ftt.• rate, tuoe t!teQ tbe 



wor14 ••na• t• IIDOii o•panhle to tile Gaap ·Me 
I '\ 

bat it le llclt tile Jra~Piapatn o ... 

¥&11l .... o*l4 KlM (!979) att•pt..S to .... 

se4....,at yie14' ot river• ot 'ke area• of lott ,_...,,. 

pltaUoD oa ._ &J.obal ttoale. Diet coulu4e4 t.bat 

tbe•• •• • olear -~ eYlde'll:Ce of ale,tenee ol blaaw 
ae4tae1lt yield or lura•e4 "f'tu'i.ablltty of &ai\Bal 

T'•l4s 111 tile ~.lver 4nlr41'1 •••t~ o:t lew preetli• 

tattoa. Preoi,pllatioa maaat tud.e aooordla& i.o tbam 

ta. oli17 ••• ot tl:)e ••r ooatl'Oi• of ••••t ,&t14 

ace otllel'' taotors euob ae C!U&~atJ.o seuoaallty., 

rellel, 1)a•t• 1itbolol1 aa4 ealtbt ot hula aotld.t.J 

COilblat to pro4n:c• a aJ.oMl patten wldcta ta oolld• 

•••J.y •r• ecatlo: tJlllu aagplte4 by aoae wel'llera. 

Gl'o\'e (t971) baa ata4ld tbe se41aeDt and 

cn•loa1 load ot tresl ltrloaa r&Yert U.• S.e&alt 

li&et'1 8aue e:n4 staar~u. 

Ubt»• ( 1970) dt seuseml tb.o aoc•lses tllat 

eoatrol tb~ "World water clletd.•tl7• a. oi ••• tbne 

lil&ia lleobald.su • atllo$pberte preeltttat.l••• r.O 

4olllttanoe ad ·Gf'aporatloa Cl7etallJ.sat1oD process • 

a.• tile f~B~or tao tore iDflaeno:t.~ 'the OOIIpO&t ttoa ol 

ti aeoi'f'e4 solids ot wor14 water. 



Jill lUla, tile ctudy ot river geoob.-it~ le 

ve17 no•••• Vadoaa votlrera laave etQC&otl aoq 
• 

aapeets ot rtver ae.olltid,atr,* file il!lpOnut, a1ld 

worth aeotioldas an Balda ( ''71), &ar•aJla.aaaya · 

(St70), kbrara•l• (£978. ''"• 1980, i988), 

Sttk"a~~Qld au4 D$lavi ( 1978), ,~j)l~&:lh.-Sab (.1980), 
. ,/.;, ,.--.- ~ 

soae laponant l.lto:ra&area o.~ estoaq aad '~!•ate 

5 

n&toa lll lw&ia ht\Ye oome II"'Ol •~• (t966), Slddiqae 

(t9G7), Kalllot (1976) anlt DwtoJ.e et al. (1977). 

hltftEUd aDtl DalaYi (1978) bave dl&oa:eee4 

the Pll7sicol aat ohMleal onat.eo of sou Biaal.qao 

rlveJii, and ~loll1ate4 tbe .-ate ot ei'Cn~1oa tor tb••• 

.t'1Yorth Aoconlit'l& to t.beit' etady, Aeta ooBW!tftttea 

4\JPW'Olllautelt lueo toGrth ( i.Sf9 s to1·0 la/p} of 

all •sa tranater and ltuilan coatlnen& alorae OODtlt.• 

tutius a 110re 711 area ot conUae~tal oart.ll, ooaift• 

btlt.fS eouly lSS' of tke ~~as• tranaror. The ••~ 

tloD rate, 110 tofl$/»A1/r••• for IH1a is biiJb,ed 

. ill •• wrld acoorfltng ... t••· .. , ban also 

etu41e4 tbe llltaeft.l stablltty ta sUioat• •1atcua. 

sow--.ata (i978) bas calcuJ.atea obeltiool,, 

aettt.aeGt ,aG4 total ioa.d ouriott ..,. •aJor rtver 'IJastaa 

to Ja<lla., Baa•« oa •ro•to• a-ate lie oaloul&Md tut 



G 

. \ 

a 't.J'h4 ef It,_ utillloa , .. ., w01114 h retulred to 

reaee tile ooatllltat to 1h.Ule t•el. It. l t t • ao, 

tbea •• ,. et Btagal us-. tbe prtaolpal notplau .of 

tbe aau wi.U tlo.ocl the coatiDeci llefGr• tu ttae 

to r•duco the ••a level lt naota*l. 

atud184 la de tall the o~taloal 'aal&tr ot valor, . 
nto ot endoo aa4 taotore ooutrolllq •roat.oa 

iD Oo4av•l'i IIVeJ" helD. 

D&le .. nd.~~s; oa tile Krts_Jma ·uwr •••• 

8tillramaalaa (1981) ooaoluct•d tllQ.t tile an'*• BlWJr 

Baala le ero4e4 at a ate of '-tOGO au-.*/.,.- dl 

Ckat ta il all lot~ , • .,.. • U.e baa! a will lle nduoel 

to •••" sea 1 oveJ.. •• aleo ohe.,.ea a blill nte of 
erostoa .lo. emallor •'-baaioa tboll &be lara• .,,_. 

! 

SllVaraoM11 (ltD) h·• •tdied la le~.l 
tae otuw.d.cal uo sas~ttl4tt4 ouno;t.e.-is-..t.o• of tile 

l"iYe-re otlaclla,. Be alao altetapt .. to pred:tot tho 

posetttle alMral aea.-'bJ.aae ,. ... , ill ettllljt»rJ.• 

wltll tbe Gaa&a Btvt.-, .bolialte aid 4o1Mt• •• 

poaetblo el.l&oa• ODd ea.-bout• reatootl••IJ• 
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BGH4 oa tile •toay of atoera.lo&J' of R$Pf•d 

aediMata ol vartou• rlv•r• of !t'UI1a 4raltd..q tl\to 

adjolala& aea, SUI»r.-ald ( t980) eoaoJ.U4e4 tllat 

IICaoli~aite, lll&te; •• olllol"it• •• oaft'iet! in ••»e• 
elotl patttculate ot tbe GUaa-Dr~patra willie tile 

eoutbe.ro _.,,._.. oal'l'l' Malt ••u.at. ot lkn.lterillo•t• 

aDd 81Da11 aHGt of a4z•4 layel" olat•• ffa,_da alit 

Tapti .eoatJilhh abaadant oblori ••• illite dd kaolt. 
Dtt6 tdth aluor 8110artt ot aoatmonllo'lllt•• 

lata (it66) llae ttoae etuates ou tile delta 

l'et;loa o.t tbe.G04&9ad atv•r alld toa41daOI'al:osieo1 

t1'lttereuoa l)atwee• tt-e•bV&'•• ad eetudae-watw 
. ' 

u«t•e•• (rreeltwater • Xaolialh ,_,_, illlM •ff• 
(Ba + Oe) aoataodllorlite D•JGfJ :talt-wat•~JAol&• 

1\lte: ,,_.~ tlUte l&-J,_ t oblcwlte apto ao-, 
1fo,•cultJlo1'&11oa&t• 10-U*t tatuuy •uttt ... rca.lt.lilte . 
iS~ i.llite a-, I_.DtaeriUoJd.•• ,,_, obl.orite ••>• 

Siddlfl•• ( i961) repJrtecl. t11tte,. taoltalta 

an4 ••• ••taol'l1J.oldte tn• tbe Bar ot ldlal •e4i

aeata. KaUtok (i976) baa stJtdt..O ·he -.neral.og 

of tbe ee4Uiortt ifl tllO GaUJ& Coae of tile Bay of Boep.l.. 

au4 oltsew•d i1llt• ad :icaollldte lc tao aoutb el the 

Gaqe-Br.-.patft witb otalol'it• 1Jelq abualdt Ia 
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tlkllYldtlal .-pl••• lof'Ole et al, (tt77) MYG 

•tU4t·•4 ••o obetdoal upeeta of ettc~t•eot 111 euspon... 

atoo t.a ••••••• of tile 11ana4a1 tapti,. flahQaadt 

... -······' 
G:ltall• (t.98i) ooll0111404, ltase4 oa l'MOto 

ePet.aa. a.-li•atatloa l'at• oa ebel-v•• and ..... 

•utae lab aad river ••ctt.:•eot dtaobar&e lor U · 

atutid .riYera 'bot tbe $UilQr1ae ••• will naeb 
eut ot1 froa thlr tlw&al aouMea •til tbe ••u.tlfta 

eua eatuarl" -. ftUe4 alld ee4tuu~•' oaa 1JJ'IOA tbeat 

•••• •• Uu btdnil to #111 tllen •ta•l•e• aat 

•••an•• ratt~• t~W~ sseo it '•'• tor ttae Galli•• • 
DrabQpatft to 1 to t.a·al1toa ,.._. tor. Rt 

Y_e•tet.ob.. Por ••• rlYer eysh•• u tile autflor 

·COJaCia4o41 .... 1•e1 will ebaq• taefon ebtlY•• 

•• ••to.enee .--. tilled witb ae4i••••• · 
Ia,.,_..._. (&170) Jaa• ct•ou put.ial ••Jr• 

.ftt ot ,._ oaaca water arut al•o calculat.a •• htt 

ot end.oa atJI •.UoUd. lJie laoton MlllrolliD& 

._.ens tor •• GMJ~a-8...-apatre laaillt Be laae 

taka our oae etat1oe (Bud:tag Brld&e) to.- ·oalou

lat:lq ol •u• •••~•r and ene&oa rate. Aeeoi\'U."C 

to Us oaleulf.ltir.n.ta tile. :ratio o.t ,••~Umloal to · 



t to l la Dralleaptra ttJd.lt Blsalast.ppt ha8 ratle 

o1 1 to 1. 
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lla.ua (t971) has puttll.•ll-' dalrsie ·•t tilt 

Gaap BtYer watel' at Btsbt'-~b• bJamabal a114 

DallhiMahVM"t II• baa •• aaal7a.S tbe •t.1t ..,le• 

troa t:lle Gallg• aiftr •atet'f'• •• stwt' b,aa abOWD 
stream 

dovra taalt. tJ' vadotious alld mt.aeral water etalll'ri•• 

.lle coae1ude4 that tile Gall&& watel"' ts of alkllllf 

1artll bioal"lunaate type:. BowtYe.-, ••• Ool.Htta, 

the tlaa of lSdal wator OIJ4'II•·• lta eMn.ot•• 
ra.4toa11F. 

\PI'M tile above :bri•t ••"•• lt la clear taat 

ta& latt~a-llYel' Baai'll Ia Mt atudle4 well to ua..-

atall4 tbe Yutoue aattot• •• •• aaa atelhleat 

chetdetrv,. •rosloe aD.l aus transfer (41elolve4 .aat 

n41«afmt) •1emeuta1 Md lli~.teral ooapoei.t.loa of eua

petute4 taatters, •••• Baatd oa tllO atu4tea el tha 
j 

aaaaploa colleate4 at•ltaD•••ll' tr011 tile Gaap aM 

,,. .... 

tt• tdlJatante, ateuSS.Yely tllroagJaouttu WboJ.o •ada 
au a\Wetpt le aade la at• sk-4p io eett.•a'- t.be Yarloaa 

aepeots ot •:netoa,, tUO:litr ot ••er1 ••••r .teeral 



et;dllbria ad td1M1ral.oglcal OOIQOsl ttoa of 

aaapeD4t4 utte~ ot tbo Ci4~t~a Rl.Yer laeia,, tdlieb 

ts oae t.tf the MOst l•JtOitaDt l'l'hr baatae ot th• 

world. 

.. 

10 



De pdMtple ot1lllt.foftlitdiatd•'• tird. 

••aHtated bf' I••• kttoa •••• two o•tut•• 
aao, te t\111 a !u84aaea:tal oobei,Pt ~· M4en 

Geo1og., Uuttoa taught ibat, •tu pre .. at is key 

11 

to tb.e paat"•, 1d..ttl ... li.Jdtatt.oas tho prleolple 

lloltb .... te ...... 4 til• aeotoaloal prooeeeu. 

opentlq toaov ad to dtatapelat• ttds to ••..._ 

at•4 wbiclt were n•poaet1tle for tile ,.-.. eu..,. 
, .. ~a •• 

•••ttaeriea .and ftOaioa an ,.,.rtaat seoh• 

glea1 proeesse• opent:i q •• tu •arfao• awl ia •• 

eabaa.rtaee Gf tile eant.. hey oo~tln'Rte tbe 

l•p.-taut aecmald.aa 111 th• ~ook to,.. Uoa oyc!e 

parttea1arlr l• the eYolattoll ol •ettt·•••ur •••"•• 
al\4 the :rooyolioa . ot tile •-'l•attary »*'"••• oaa 
batt ... 'be ........ ll ... ,.. •••••• .,. 01'01• ,. 

properl¥ sttulle« and tetortretea (Gat'••Js- a84 Baokeule, 

t97S)t/ 

Dlliloaa ot toa• of a.U•a-ta an 'beliAI 

ooattauoual,- enh4 aid depoette« tate tile ••• 'Y 
World' • river •v•te~~• River witb ••I tbouaaDd Of.ll»io 



\'\I 
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llll••t•r• ot watet' aoeoaate to• 01111 O.OOOJ ,.._., 

ta t.Q .,.4r·oap~atq ( tabl~·t) • at••r• aaDaa11y 4la-

obarae '·' .tll.ioa e&tld.o. lcll .. tv •t •ater. With 

thla •'- tbt total wate' 4e1llleete4 1a J3 tllo~aa• 

1eara 11111 1te eqaal to :trena:t day oe.•o CGPaeltp 

ol JfO .tl1S4J• onto •eter (Bit•blaalallt st79}• 

wor14 ~••r ••· traae10rli QS auaaally 10 billi•• 

toaa ol setl....,ats (Bolo-~, t9Ge) Oll4 ).$ ._llioa . 

tou o£ 41eaolvel aated.al '""'"tit 1976)1 iato tile 
• 

wor14 ooeath Dlaotaaqe el tlle aoltd ••••••• att•r 

to tu oo..,. by aJor rt;-r•r• total• abOut eeto 
atllloa toraea amutally (llle17 a~ Hlllie!l1 U~S) 

wlta '" 1H&la (7'*) «er1Yect ,..,. •••••n .•• •••''••• 
Atd.a. Tile l'lWatc Bot 'faD&t••• Gaoaea an4 ladQs fd.Yer 

ooatr1hte •t.sat.t1HDU.y JUOre suspeuea. •••• ill 

fu ••ataer eo•edratt.oa tb.a do other rlYert. Ptw 

iDatatJoe, the Bttaq Bo wJalch dl"alila loeee 4eposlt 

ia a.n~aon Ctd• bee at'i a••na• auapea.4ed l•d ot 
' 

15000 aa/1· •• OUJU"ed wl tb leN Daa 100 aa/'¥. tor 

.-... a.atYer. 
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Weatbenq ott • .-atoll are oodtmtottely 

operatiq aa tile tarih crust. Wcaturtas l• • 

,,.~ooees wldoh '• ee.elltially t.reaktns up ot lf'OC·ka 

14 

'bf p1t1alcal tnee•••• atl4 4eooapoal ttoa by cfMtide•l 

reao•••• wbQe •n•loa I• tn& rPOVal ot ~~atmal 
:rom tile eaJitll ef'lt&t by 'V81'ioaae ase1»ies ot eroatoo 
llkt l'iM'r, &laeler, wllld,r oto. tae lllporldt pbytlCal 

t•ooe.-ee an tbatdq ana trMdaa, anwtb ol nota, 

peUtaa ot ••ral due te JlF4raUo•• dt.urll&l t•pe. 
.ratun oliiUlge, etc. (Jlr&Gikopt, 197ft Riddleton ac1 

Blatt •. 197.2)• Ill• ctt ... cal p10ceasea are Mtttl:p 

obellteal M&l'dailoa ol dlloate a&1lerale ant tb.e 

.roo1i tJy varloae pr~t:tna like di asoct.atf.oQ; Dr4n

lyat..s ned old4otion .. 

fte •aslc I"MMUoa ln. the ob.em:l.oal proceu 

's· tbe l'eftiJUoD bet••• -.lloate• 8JJ4 ovhaatee d4 
ftia water. Some ot the clltulioal .-ea-eUoa atJp1toable 

to the voathrilafl prooe•• are d1souaee4 below t 

'IW61s8a • lllfa0 
.a.telePftl' 

}' 

u+ + _,.,. • u,s,,o,0 (ou)8 + 
( Kaoliftlte ) 

• tllS10t (I) 



ea •1 
• o.r • ••s• 

c. a•t u.-. · +i MU:j;• . ftt'tl'!ll'ft. • 
··~ • ~ • ~¥, 
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(I) 

,,, 
Ill J'MOtioa (t), tohab lelspar reacts w&lb 

pv• water and &f.ve•.., ataeral (&aoliDlte) alorl& . . 

1d.tb. poiaseto aat1 llr41*0syl lfll ana atrat elliok 

oot4. Ia l'eactl·oa (t) ana (J), the oalota aod 

magae&lllll oa•booat• rtaet-wtthl water to atve rs •• 

to ealolum, ....... ,,., n£<1n>x.:yl am -.icanout,e to•• 

I.e tbe •ater. 

But~ 1Jt ••n veatheriftl reaction, tbe nactlo• 

4oee uot prooeet wltll par• w••• as lt Jaae _beea 
- -

·taentiolle4 bece... a.- raSa voter ~eaot.s •tli nt!'O• 
' .... - . ~ . . -

ptiel'io oanoacttodde all4 .Ions a weak carbo1d9 ao&4 

wblell l'eacta witli tbo allioat.ea aDd oa.-.. utea to 

a. ca.. . -, 
' 

(t) 

lb.e lheatou a:nd <lolOidte ara reatil~J attacKed 

vtth oar'btr&So actG "o glve rt•• fio calolaa ontl 1t:t. 

o.noate lou 111 tbe wa,er aocor4tua •o tbe CollowlltJ 
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reao'tiolls -

(5) 

n-v' (·CO ). nu c·'O· l'!t. +! . +i '"B,.. .,. van& ,.2 + ~ •.. ,~ .a . + ., + .. ~o, ('), 

the allll01JtOs111eatea e.tter reactb~g wttb carboa.ic 

ac;id for• clay minerals and release 'Yarlous oatioa.e 

silica and bloa.-bottat• 11l tbe .-tvtr water. ror 

example, alb! te may breakdown to form kaoli:t:d.t• aad 

release .. fSo41WD, 'bi.carbonate attd •41-ioa tn selu\tcna, 

daAlS~soe ••1co, + ; u1o = 
(Alblte) 

AlaS12o5(oH)4 + 2 Na.+ 
(kaolinite) 

(1) 

Montaortlloliite may be ~otae4 w1 th a sild.lar: reaot1oa 

• 
• aca• + da• • 6s4sto, + 6Bco,· (e) 
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Tbe o~oa1 wea'herlDI ot oaloi •• pa4UMI 

ca•• aNt m:o;• ... .-tto of ....... ~ •• , .... , .. 

tioa ot pare 4ol,oat w p.m4aoea • vatu ooatalJllfti 

ea•9, ..... aa4 JICOJ• lD tbe ratto IJ,i•'*•. fte water 

r•ealttaa· tna reaotioa (7) woo~ coataa.a uco,•, Ia• 
• 

aaf a,eto4 ta ntio It •• i. ftna• eaell aoleoale ol 

co1 F04t~Cos ••• aco,· lnllatl&oatea "" •• DCo,• 
tn• eaftOaatea. 

•• cbea&eal veatberiq of sllioate ldtloral• 

i& ••rr la,.r:taut _._,. th6f' eot1st:ltt1te •re thaD 
• 

7J• ot tbt ro•;:~vltll wbloh aiD water coua ,.., 

eoataet •. tb•Qllll~al lnoJ.aaQ; Otddly f.IGaria, 

.olt•l•e• wrotef10e1 -~~JJoles, tel4sJaf'lt -'cu. 

a.ad olq ail'leralth Weatu_.tas of stlieat• _... . .tspeot.-

llt alumtaoat.licate »kY J•portaut role io suppiJiJ'&I 

dtsaolvetl eoas·,ltueate .ia ~~atual water.· D• 

ceaontntion ot liaaJ' eobltl•...-• ta aatural wat•• 
are coatroU.a by equtlibrla taYolrlrc oae or •~• 

sllloate a&...,.la ( dl·ICnts•e4 late~") • 

' A «daplo •tJ.loat• mlaeral l'l"e .oltviue aq 

r.-ot wit& tb• r-ata water to Clft rtee to tattoos, 
•ioarboaate loa aoa aillca aotd 
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e 

~g1s1o, + lieo8 + .ur1o ~ .,., • aco, • + u,slo.,.. (9) 

ln thts reactton, acid is eonsamed and with farther 

r.eacttoa tbe water beoo.ues ·more alkaline. lll ~tatute 1 

the ooapos1 tto• •:r silicates is more coaplex than 

the one llelltlotutd" Once the cations go 1 nto solution. 

the stlloatt gratu is arao-J"ed by a .t·aeral ot some

what dttterfttit ooaaposi.tion and further reacttoa 

slowes dowa becaase 41t:tu.slon has to take place • 

· . through the 11lert aqttor laTer. 

J\lUJalnlUII is nearly illliObile as a dissolved 

· constl tuettt t• l&lost nat\U:"al water. Becau,e o:t tilts, 

alWiiaos~ llcate$ weather w more altua1nous solf.d 

phase by .illOONr.ient solu.tlot'h · !be chtet alteratio• 

product of the attack of acidic water to be t~r:st 

formed l.s J:aollnt te ( 7). llowe¥er, other alteration 

product llfOl' tom depetldtn& oo th• ooapositl.otl ot tt&e 

primary mtnel"al$ being weathered ancl aCidity .of the 

rain water and resiclenee time of altacld.ng water .. 

thea• product& l._a. aont1110l"illold.te-, Ohlo~tte, 

1111 te, •ar1ous :U.toa and aluminiu• hydrates. Jrl. 

tlll.s ttnct ·ot reaction also (7), the acid. is coasU~De4 

and solutio• becomes progressively ••r• alkaline, 
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••• naotto'll elwa ••• It is aJ.so ~eaaee ot 

lbt ........... ol onatltal alalusilleat• ., -.l.fAli*•· 
AIU"f na t.:M panat rook ••*•"la1, oo.,otl• 

tioa of olq td.n•nls also d.e»ellds oa tile oliaate.· 

GtJ.a.•ite whtoa. eoots tbe ecn'ltiliUou,e r...,ovol •' tt1io. 

to ton• .will 4eYelope oaly Ia tile areas wJd.ob are 

coati wally •~aiu4. &aolt. at te is to au •• uut ol 

t•p•ratal'e el:&ate v!tll M&erate to 1tea91 rdDfaU; 

Sl:ue tne ltuwat-loa ot •at~~onlloaite reqt4Ji'•• 
ld&b oatf.oas. uco5, J11 u4 dissolved slltea, tt 
1s •peoted itt aoile ot aeatutG r•slo~a. 

With the PftJ&&"eeetYe attack ol co1. tltu.laa 

m••••• aoe ooutltueu:t al'e remo•a an4 ,... 

artt aurlobea JD a.e rook. f~tr• ts a raJld deor•aa. 

ill aodi:M -cuet.a ud cal.ola (•Mle ooutitueat•)• 

aD4 sOllewhat elower tor JOtae•l• an<J eilleoat. fte 

· Sroe aad al•laa are l'e1at1-vely •crlc&le4 ia tb,e 

rook. 

ft• ordel" ot los• Jatt •e~ileae4 l& ~-

.. f·•r tile weatfleJt•a ot all types ot •••• bat 

It ie .just 1J7 tto •••• at-v•r.at (Krautac:ept, i97f),. 

fte 4laappeanace of a P41"tlcular li:l.e&ral will 

....... . apoa 'ft.rJ.oas lac tore • •taeral oqpoaiUo•• 

.-ook •••tDret climate. 4nd.DG4••. amo•t: ot •poaur• 

•••• 



•·to. tbe •••• ot· loaa ot eleaeats _. '&llt f'efle. 

otloe et ••••ttiblllty ot varioos alaeAlt to 

••atli&ftltl• 08l~l7 Milo tdurale a._, 1101'• 
rapidly tbrm ltl•to at•Hl• (altiiOQ&Ia 1ty •• IIMJle 

olw.,a), U.beraib& •&~M•t•• ii'OJl • A• ltsatl' 

.-uat ealot• alit alkall1 '"• t.s is lara• tart. 
oxldtaea t-.diate.l)" tct iuolttble fet-ric oat4e·, 

o r•••• wttll ihe weatllered Mtonal IJ:letead ol 
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. ttetll& oeraf.ett oft ta solatloa. .Aaoa& t•ltJP'·•• 

plagtoelos• ••atben .rae&..- tftaa C.telapu ad 

ea101o gtaatooJ.aae ta.ter t-baa so«te Jlt.a~ioota-.,. 

thua1 J.ihrati:ag aocJiura aid oalctua ••• raplc1Jr 

'tb·all fltal•l•• WJleit 04Uoas an ••• ll'"ee, eo 
Al•at•t t...-worrca of •-• od.alDal allt.oat• fdStenl• 
•• aa ,.,.. 4e..,o•ett• lo ,an NOoeetnotod t•to 
til• :traaowort o1' olap .._a-ala1 eo tllat olllf' a pawt 

ot sllloea ard ••17. little ot, the a.J.qatu• "*' 
tbetr war 1rrto ttOlutioa (KI'dauat:·.. 198) • 

Be aaaeeJtt.•t:U.tF of Yarloa• .......... to 

'Ctb .. lea1 1f-MCOI11t4 la !a l"t'YeJ"•• Ol'der to tbd 

· ot oqetal&tutloe (Do••~· s reaottoll •••J.ea)-. 
Golc1ioh (!9,8) vbo •t~t4ied l• detail the eta••l•tiY 

ana atoenloar ot ••wml Mil trotlh •••• a 



21 

••-..a1 ••uw ......... •• ••• •• ••-'• 
ve Gl'raDitd OOCl!Odiq to deorea&lall I'&M ot 4e ... 

tt•ltlOilt 

'1111 Pii .. I ill!iWrtl!mT. II . 'I If lj .. l II l'fl L\ . i I; A .... I [111'11 . IIJ\i!IIJIWi!ll.liiJI ••••utr tariaa Jlall• lldaerale fal•to lltaer•l• 
1fotllerliJ1 
. 1•1H. n••u•• u •.f!it t.n. ·. fllolr J tr. · tl1f u nHJI\MII!IlL' 

--... -. --
,..,._, 
aapl\t~tol• 

Blottte 

ca-Plaaiook•e 

e..a. lke:t.oola•• 
I..Oa Plqloela• 

Ia- •J.a&to-olae• 

'-'······ -~ .... ,. ,.,.. .. 
be tt1sso1Ye4 ,._tertal 1r011 title weatllerl•& 

o;t noke are •• omy ooatlmae.llf' &acorporaQ4 

into tbe ;water hat an also r.-vo« '' 'tbe proper 

lMlkllOiD& WI tl'l tlo water llllleral tft'lililt.n.at lt 

the ltd.tta1 co8 ia ldp the ca+l aD4 aco,• wtU 

4l$9o1•• .,.. 6ut~ a po1at wt11 reub wl\ere ta. 
attlYlty •t ca•••• •o,•, will naell (solutd.lltr 

-rt1-/1l~ 
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pftdaot of oaco,) to preotpt.tale oaloite 0~ araso
dte (nova l~t later uotton). SMe war wrtea tbt 

Oo'OQ.attaliu •• catiioas aad .1108 taonaaa t~~; 'the 

water fna tlle wtatbtn»a of mctr•, kaolldte te 

lo1Pied at 4laao1Ye4 etllotl .-a allwd~ta an a'batra.

oted troa the vat•~• ae •••• aat po<&ae•twit eatl 

be enraetetl lroa tllO water to &l•e ria• to •• 
Ul"tlloalte au llltte l'eepeoUvel,. 

fte 40'11iaanoe of _oae "''' ot weatJMnas oD 

tbe otlior aat the aatare ot wutbert.aa 4epadt upoa 
I 

•a:rioua laet6ta like reti•l, tv~cll,,,., oltat•• 

Yegeta'tle1lt eto. Ia aa •••r•alapUlietl •anur i't 

oa» be salt that pbfaleal weaiberlq 4ordD!ltta Ia 

blab reltel W'ld..k -.ead.oal. werst'-ri111 aoatt&&tea itl 

low •••tee •ftVI.ro••o••· (rta.:2::r);. aootct:~r·p• .t\U 
r • ..,-·~ 

clteate are otll..- •e·ry la,ortdt laotora wbteh eo• 
tr.il0tbe aatue ot weat•••'te• Por ._,,.,, t• 
tbe •ut:ro~~ ot bt&b rell•t• low preoipitatloa 

and dll elt•h tbere wlll ·•• ·•• ..,b •t tJl1alcal 

weatbel"in&• ot ooar.ae, &hero wll.l 'ae aoae a a l t I• 

pot.ut•4 ••* ~a, ftlorabuy (195') that veatberiftJ 

prooe,ed.e e't'ft 1ft 417 elt.Rtee-. Ia tbe same way a1l 
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• = Cnemieat deru.Joatton 

• = Mecnanie,ai denudation 
,· 

1.0 Asla 
•• T 11J * lll!ll1;'1111tlf411n'i'IHU" ~~· ...• 

- c 
E 12 
.:tt: Africa -- 0.80 ~ ,I:-

-~ ·-·'0 North America ~..p. 
:l • • b.,. c: - A> ·r,:..:S .· c 

> 0 btl) 
~ :!!.• • .t:J • - South America ~ ~ 0.60 fi - .J.I.JIUt, Iii .J ... 

.• ~ c: 
CD ·- ·~ .5 ¥Iii ·- .2 
c: i ,0 
(). 

G c c 0.40 
j Europe 

• ,., ... · .. 1! ... • 

o~~----~~--._~~~~~~~.1~----~~--~~--~~~_.~~._~ 
10 100 1000 

Oenudation rate {metric tons/km: /year) 

l'lg.· Llt GhJb eiiOwi.;ng ehalcal de!ladatloa. lJdtJp~u of' 
c.nttaen.t.al elevaUoo; wur·eas., -.cllauoal deDGdaltoa 
ge~ly i~easesvll~ laoreaslDg elevn~toa (Gor~els 
ana Ha~ease. t'71) .,: 



•r• vltb low rellel au oalolc nob will •• b• 

aucll. veatben4 it tbO•• Ia u preotp-ltatlea~. 
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lids does •• •ea• that there le oae to Olafl 

ratl• betwee'D the YOlwae of •aier ant aatel!'lol ,.. •• 

t•to the oeeaa, Speo41ic dlsobara• (d1nl$al'IO ~r 

att an&) ••eu to tMt t.lOOOrr•lated wt tl\ ret t~ae• 
I 

rate o.f ebWe.al ·Of! MChatlloal. 4eoudatloa, Buo,., 

vf.Ul la'te:ne4latt r••• of speoifle tisobarae kCla 

tbe bigboet rate ot chemical 4eaU4attoa. oa tile 

other ha1d, AJ:i&ll •t:reaa wltb a.e l11\ede414to GfHI-. 

tie 4tsobarge are thlliPt,.ttns aJ»at 10 t1ue at 

ucla. 101i.4 •tertal to tbe •ea fro• eack eQ.UM 

ld.loaeter a• the etreaae tl'f .urha (tfablea~~:~;~~2.3). 

Gauela atl4 Maoflo.do ( itfi) pot.cled ••• 

tbat aaalyets o'l tile 4ata trom 1a41V14Gal 4rain.qe 

basta uattally ebow ao lurease ia ob•loal, ....... 

tt.oe wltb iDCrtaat.as •lovatloo, bat oil a ootltlNatal 

seale, tbts effect ••• to be overwbehle4 by noli: ,,,. .. 
Ho•t rlYe.- watere are 4oatdlted hy ca•1 au 

aco,• • acd '" is tbeae ttlo s~eotes 'bat aceoutaa 
tor 110et ot •• ditf•encu Ut tot.al disao1?e4 1oll4 

-..etwee-a tile, 4tlate vaYra lrom Sout.b. -.noa autt tile 



la1a.1o -i~2: Brotd.oa.rat,e lor fte COill1aoaW .Butil . 
(Garrels ad 'tlaoken"ftoe l9f:l (Jio41tt.a t.y Sulmlat\lltao. 1978)) 
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Table ~~· Speolftc MMb.aqes Of' til• C:oaU.•a• 
(CalealaW koa Qanel.-a _. ..._.... t97l) 

A ala 

U'rioa 

a.ro.-

Aaet.ralh ...... .&aedea 

huh ...... , ... 

Aft~& . 
..... tfl'' 

'l8 

,. 
sa 

' 
tO 

• 

----· . _,,_ s .rP 

.. ,. 
o~• 

o.as 

o.GJ 

O!ltl9 

o.M 

o.GOfO 

o ••• ,, 

. .... ,, 
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•ore ooaeentrated one znm lurope~ The reciprocal 

relatione ill the ca•2 allil Si01 concentration ot tile 

most ddver water is euag~stiv€Dot control 'by re»ck 
""--·~ 

type. CalciQII ts expected to be deri'Vtd from 1•••• 

stone alld eYaporj.tes IU14 slllca trom weathering ot 

$1l:l.cate minerals. fhe J liay' co.lltinents are raore . 

reaot1Ye tha• one ~~ade up o% s111cate •1n.,ral hence 

tbelr 41 sao lved ioad and clleaalcal erosioD rate t s 

higher than the "silicioas• contiaent. It ls very 

well demoastrate4 by plottiug chemical del)udatloi1 

raie •ersus (sto2 + lleo,·)/sto2 as ara index of ltll1 

uature ot $1le oot)tlnent (Pig,. z,a) • 

'f.heee factors are very 1ntermt8glecl and a 

combined 1nteracftion of all the :tac~ors giv~) rise 

to a particular type of lflatberlug or the domtrtanee 

ot cute type ()f weathGring on the other. Horeovfr, 
:"~ ~. ' ' 

the two types of w~atberi.~ cart not be oons1dere4 

itl tsolati~n becau.se tll•y are somewhat intel"depetaden~. 

For example• tbe ·Cbemtcal actto1:1 ,t water tn gaoart1t,.c 
' 

rocks ~takes tbe 1~terg~1n boundaries a~d oleavase 

planes muea wetl,ker which :t'u.rtber tacilttates thft 

break112g up of the rocks easily by pbys1ca1 prooes$e$. 
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South America 
0 

o North America 

Europe 

___ ,..J._......__ .• ____ ~··L- • . .l-.....__.,~L.~·----~-·-~•· _...., 
3 5 7 9 11 13 15 

(s;o~ + HCO;)iSiOz 

ft.g. e.a~r J:acrease 1D cbemlcol detU:ktloa rate o~ t;be co~attaents as 
a :tu:ncUoD o1 tbo eillca aftd bloarboaate content o:t tim 
S'treaa WatOFSt 11UJ1catillg tbat dGUI.ldatloa ro.te tucreaaes 
a.s tbo proportion or bl~bollate roeks er:e4otl inenases 
(Go.rrols olld t.feckeuzl.e, S97i.). N 

00 



!•!Qt• . e! ,I,OJ'IIt p fl_l,,..fl.! Vetet,~ I 

&OOol'diDIJ to hn'i• and Aclaae ( t966) • water 

aotulre-a l$e •oaetltue'Ots ,,_ Yarloua eoane• lllle 

ataosJJberio loll o~t u 4uat, Mli parttclo Ina. 

&ea, 1f01odiC 4ei'Jl'ta, r•ao.tloa 4urtng 8J"Oflii4Watu 

r.obal'ge, •lural cU.s•olutl•• .d(l r•lease ot .tOlate 

4urlq e.-aJ.cu.l weatb:erl.l)l, 

tbtf eanoste aoid fonae4 'b7 the solo·tto• of 

oQrbOa 4loxl4e an4 l!'aillfater (•) l1aJ' dlasootate to 

gtve rlee to blearbOaate toae ie the water 
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BOO • + a• 

' 
(iO) 

, Tb.e earNilto aol4 att.e .. reao'tltta wi tb eGrbOnate aat 
/' 

atltcate alvesna• to bloa.rttoaate aoconlq to naot-

ie.a• (S}• (6) aad (1). 

file bioarbo-llate Call also h l:tloorperotet la 

ibe wet• 'by &*rttal or oo•;;J.ete 4ece•poal tloa ot 

orcanto ·att•r• Wbls baa been experl~~entallr 4ti801la-. . 

•·rated ·IJF Bener (tt7t.} 

(it) 

($1) 
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As mentioned 'by- SubramaiJlatJ. ( 1976), the bicarbonate 

lfl tlte water 11$.f be- i1lcOrPOratecl tr011 the waste ot 

petroohelld.cal industries aDd coal industry. 

acuco,· + s2s 

a2oo3 • 1 + co2 + a2o. 

sulphate tu the natu"al water 1 s d-erived :tro• 

t~e sulphate and sulpb.14e •tnerals (gypsua-pynte).1 

presel'lt 1D the rook, fbese ailhirals after •eaotl'i'& 

with the water :form sulplla~e • 

••.• so •• .. ' 

Apart from this, sulphate also comea. trom 

ar-.ificial sourc~s.. 'fhe tossil .tuel burni1l& release . , . 

_lot ot · so2 and so3 :which ~er combining with the 

atmospheric 'Ya~urs torm sulvhuric acid. !fbi s 

acidic water COllies dow~ 11;1 the :tc>rm of ae:ld rain 

which may atta-ck black shales cottotaiaing pyrite aud)~:! 

ma.-caslte to breal:tdown and tom· sulpbate to us• 
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&041.• aat .oblorlde tou in the water are 

. derf.:Y.ecl troa wea1llertna ot. roofl.e, balit•• and J'e

oyclteg ot •a •ater. aoeka «HJDtaluag eodio 

plaa1oo1aee, Jd.oa aae. otber ata.ral.• .b.avtu.g sodla 

alld cblodae as ihoir coDstitqente at•• rise to 

ao4iu.m aa4 oblonte loas tu the water. Baltte (laC1) 

whick t.s preseat ae added hlt 4epos1u aad 41.

persecl ill otber rocas pves lfa aod Cl lous after 

dissolutioa• fbe soJ.ubl.lity oflaC1 la pun wateJt 

I.e about 6 .olo/lltre o.- abotAt '50 a/1000 & ol watel' 

at tS•C eo it will l)e 4iseolve4 · areatly before the 

so.lut1on le sa,ara,ed. lA the .-ecyo1lq tbe ••• 

water 4rtJle\a are Oftll&llt 1a •he wtrd 1r0Jil tbe 'but.b-

11og and burstillg ot sea water. fbeae ctrop1ete «re 

evaporated aad ••• so1l4 particles are pfeolpltatt4 

whlcll are cattled lalldw81'4 by tOI'btllent w11!ld. fhey 

are added to Che sadaee vat•a- .,,. rat•• 

.LlYlzaa•to• ft96') estt•ated lba• •• et ·tbe 

a.rmaal rt•er tlaa of sodltlll ts atmospberioally 
\ ( ) . . oyclech Garrels all4 Kaoace..-ie 1.971 eetlaa-...4 

that SS91 ·c1• Ia the river ie derl•e4 tJ"Oil nok• ••• 
,,. .from recyclt:rag througb ataosphere. 



The co.-on s~uroes ot potassium are ortbo

olase, mlcrocline, bioUte, leuct te, and other 

potassiuJJ lteariug llllaerals atld roots like gra~ite, 

syenite, .arkose,. mica-sobist etc. Besides these; 

potash :fertilizers also incorporate subs$allt-ial 

amount of potash in natural water. 

JU.ver.Se41ment: 
. • . . . t . -

. 
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Tile river sedimellts are the product of met:Um• 

deal clecompos1tion ot the rocks in the provtnance. 

their chemlst.J"y and mineralogy depends upon the 

nature of the alteration processes operating in 

the basin area.~ The •tabilt'tt of the ualnerals 

present in the river depend •ainly upon the Bb, pJl 

and .activity o'l tile -various species present ill the 

water. The clastic sediment are the dis•ategrate4 

rock particles. They are mainly aaartz, some 

felspar, a&ipht."Dole alhl some heavy lllberals_. . . 

Factors like relief, rook type o.l1mate etc. 

control the sec11ment yield and the Dature ot ~ ) 

sedimeat ill the river. Gibbs ( 1967) couclu4e4 that 

relief increased physlcal weathering ooJltrolled the 

aJIIOUJlt Of q.uartz, plagioclase, X-1'el$par, -Cflt 

chlorite. amphibole and tilat the percentage of 
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ealclc rock in the upper portio~ of tri-butary 
. r·~ . . . 

basiu controlled the amount o:t •o,Jftmori.llold.te. 

Then a oombt-..tion. of low relief ohemical weather• 

ing and percentage of igneous and metaaorpkic rocks 

co'lltl'Olled the peroeutage of kaolitd. te, gibbsite 

iu the suspended aaa'tter ot the APtazo~ ll ver Bast n. 

'l'ruspqrtation of lU. ver Se4i~ent : 

(a) !Jechanism ot sedlllent aovement 1 fto llatn 

meohatd&ll have been ltwokech the fluid drag on al'l 

exposed grain which t.ads to roll it oYer the 

surroafldlqJ arains, and the llydi"Odynamlo lilt force 

which tends tQ lttt the grain vertically ·ap 1rom 

the bottom au4 proJect it into tbt tas$ 11ovtng part 

ot tbe flow~ Studies on the 11ovement of grains by 

witld, u.stng high-speed motion photography aave sbowtl 

that grain, do, intact rtse up alaost vertically 

trCJm the bed and that tb~y move tn a sllocessiou ot 

leaps by a proces's called as saltatiou, 

WheJI water 1s pei"JDltted to :flow over a 

mol)ile bed, the discharge being gradually raised 

trom zeto 1 the bed ~rticle will begiJI to move· at 

a givea crt tical bo.andary shear. Slailarly, when 

flow is reduced gradually from a Jd.gb tlischarge., 
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ttae sefU11e11t parttole v1U eeaee to •v• at C\ ••· 

t.tn value o t entt.cal •~•Y a~~ear., 

that tor tile tdtlattoa of •otioa aut tbat -tor tile 

••••attoa ot ••ioa, ve_attlisedSto deaenbe De 

obaraotf;l' ot the Mdlaent. Jt tne1e. •• sbear• Gl't 
• 

•tctal o.- •a.rl7 ftUal, the aatenal ia oo:ast.tte ... 

.,...._.sve ta Mture. 0. tbe otber bald, tt tile 

•rit-loal noar required to tattate •tloa it caeb . . 

1~~~0 thu that requre4 tor tile oeastuc of · Mdl.dtllt ' 

Nt&o•• tJJe materiel le e:oaai4e.r414 to be oobst••• 

(aao, t975)• 

(It) t,anea~!Q,.~a !f .1Je4Je!tlt Onoe &he Gbear 

stress fta•· bf)eO .tal Ad aboVe tile ori tJ..cel valu•• 

se4J.moata ot a atven pat n.;fll•• will .,.. ove.r the 

'beet 1mt rat• et •t.cll It will rneve ta ltalted:~ -ae 

aode ot eediaent tfletioa depelde etNllillF oa tbe ara&• 
etae. Gralu 1&_~~ Uiao sau move oal, 10' sWla, 

aid J"OlllfC ( tl'aoiloa), Ollly ••t rap14 llowe .ar.a 

capable ot aovi&& saob crat.¥1& by saltat.ioD or 81lapeo. 

aton. Sa'ld moves largely h7 saltation au'l 1W..'ierad• 

ttent sa•peosit'nit i\04 •tlt auo. olar ao-ve la suJpeaalo · 

eopportet by 11Gt.4 t.arbuleaee. 
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the aAtel'ial l» tbe rl wr bo4a are ·OOaJOalr 
/ 

ooarae Gllt to and o:r oou .. r. he r•te ot ••e
_.,fl.t ot bed load does 4epell4e oa la7Ua.t&l1c otnatU.\loDt. 

tbeee Sa tea ••• tan17 oodrolle4 •r tb.e rate or 

aapplp ot a.t1 •atenal tf'Oit •e-.waat:ln&•· r. 
,_.,let a bqa rate of GllPPlY ot co.aree •tertal 

a't a oertala polDt la a river Valley ~r lead to 

aooalialatlo•· of •at• tal until •nelou 4owU'tf'elll . 

bu et .. pn4 tilt elo,. to t:b• a.eane .... ...,. to 

laorMae tbo lllttar stnae oDd eetu.U.ab a• eq,atl..., 

'briua IKttwtu tbe rate of aupply ot n4i•eat aad 

ita rate ol traupon by tJa• rl'for. 

tile eetiJiellt t-.nsport ••*• i.e taereotll' 

a very eaplioated aatural fed 'back syatem. AI 

tiOOil _aa traa,.rt be1t1'llt. tn. tlow bepa.a to •14 

tl\e lied :lato ,.4 torltl; watob ld.&rate ·aDd fi"'OIJ'eMi• 

••11 ol'u\qea tbe1r .to• ta respouo to ou-.oa ta 

tbe .tlow, ltt tun. ·~ a-at:_e of_ bed loa4. •o•••• 
4eptmd.e •• the cnturo ot ltetS torlie (M&Ml to.a aatl 

• • /1 I' 

Blatt .t S912) • 

(e) JDI•ME!el!l .. t.~.;.ssaanatct.Jd!!A r wuu 
water flows lfl a caaoaael witt. ~·· nloclty, '••• 1 

Vllel'l Beyao14'8 Dua'bor is Tery $11411 (leea tllaft 1!1000), 
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tbe water filament gll4·e oYeJJ" o• a.Mt~r foblq 

n orderly tatton o!' traJeoionea ••• •• .,,_.. 

li•. 0. the otller .~taaa, wben velaal ty is Mp or 

Beyaolda· ••-,.. t• tunastc beyoat e,ooo. tile 
' 

~ll~at o.t the ouueats lleoomo c•pletelr ln•au&ar 
aG4 t.mvereed 1d tb llUM.-.na diaonerlf · cn&a Otl#ellt 

af.d YOI"•i•e•• t:be llOW JJo.oo•4UIJ tQI"btllo•t• 

De NOiaaDleal e:tteot of tbeae eJ"oso cur:rent 

aM Yertloos ••• ._. ae to -'1Dollee tu vanous 

tlow .JQ.rametera. flda ••ualiet 81· aotlotl ts. tao 

•••t~lt ot • at.uaa pnoeea ooa•l•tla& o:t pe•tn

ttoa of water lf.d"tiole Ina oae laver llaYlq a 

· gtYeu •eloetty ttlto a=otker lqor taav:lq a Htlennt 

Yelocl tr. It is the Yeloc ity tluo tua t.loa .,.,aal to 

tho •• flow 4ll'ecUoa that ere rup•1ls1t.lo tor 

b014.1~ parttoloa 1• saepeut.oa atlCI fo.J! cU.fldeiq. 

pai"\Scl~UJ ao~ss 'tbe ohatllel. It may be .-oUotet1 

tbenlor•• tb4t tb.en wlll 1HJ f1 sutta•autial fiU41ltlty 

ot sldise:at hld in aaa,e~toa ou1y 11 the uniJI"t 
•ettical v•locity lluetDatiot'lS ar• peaier tbatt 

•ettltq veloolty. T'-"lore,. oaly tneee pantolt• 
' 

will h ,., .. ,, •••pelltled · tbat ••• ee\U'"' Yelocltl·•• 
--

wlth aqnJ.tailea led 'tban • of •be .. .,. YelOettl• 
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at vera ~lave tdeoat. anliud.te4 oapaol ty to 

t.-anap&rt ·Clap ·,Gtld ll• sUt eo tbe ooaoentrat:t•• 

of t~··· &ftlta .s •• too.ad ln a n•·•~" ...... aailll,y 

oo lho rat,o of eupply b1 ••atou ta the watt:rsllelt 

r-athtzt tllaO • bydraolio con4l tl••. hell ate rial 

dote ii:Ot oo••'ftll' oeour ~a laqe 4aantttte• la the 

ba4 ot the rlvor o*l is 4•aorl bed aa ausper4on or ........ 
fte prodllda ot .veatller1.t.tg aft.er .::vortou 

m&t~• •' troupertatlon, eventually n~ th,e oeoaa 

tbl-0~ ••tuar.iea. l'bt •• ,.:c.-.a sill and clav• 
- ,_ .,... r 'r " 

of rl'f'er water aM tlo~c-~ted lo. tfie. ••tuart.fte 
' \ 

r•stoa au• 'o bip electro&yto ooateat et · eett~a~7 
' 

watGJ' Gl\4 an dop4MJlted mataly la eetuarlea and ooutl.• 
. c . . ..... .... 

88.nt$1 sbelYea. -~ Ql«"·'• aaterial. &~&7 ao-r• we·lJ. 

lleyoa4 •• oontinell\al flbel'f'ea aQd eYentaally ottle 

Ia th bo~tom ot tb.(t 4eet oc~n. fte (~lae$io Mell••a. 

tatloa le .Xpla1lle4 t17 ••• -. •• Law·,. ......... an .... 

Yadety oi .ea·nn•••• llll$ «lelta, l»t.mo, &tkate·, 

4••• ooean water ueocf.etett utth: klrlttdity ...-reat 
,-. 

which are beyotift the nope ot diacasatoa ot tbla worll. 
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. CBiPfBB Ill 

DBSOUJ>fJU 01' Dl8 tAIGA RIVER IASII . ...,w i __ -.1_JI? llt!iiMlll':ill il1Ufii li!H l"f " .. n··. l ; ,;:.r. m.t· f i,iJ. 

I'll• Gaaaa ori&lao.iea froa Ga-aot:rl Glaeter la 

Vttarkshl 4te trl tt at all oltrvatton of 101.0 •• J:a tJae 

'beglrmlltl the rtver I.e aot tuwd as tbe Gaea.a l.lut there 

are two at~all rl vo_.s 1t1101m ea Alkllaftda; atl4 llbo&il'atbl, 

they Jola at Dev Pft)"a&• After this co.ftllueae• or.tly< 

tb• rtvor t• '»owo as tbe Ganga. 

fbe n ,_ tr,a:v•rses ia tm B.lklaytm mountaneou.a 

ter.raita tor About ISO IPI ard 4eacecds into plains a-t 

at sblktuih• the o~a i • t:be upper plat us passe a t-hrough 

important oit1es llke I¢®pur-, .Ulahattad, Vamoaai and 

tbou eo tors lftiO Dibt\r l1l tbe a1441e regtor& (FJ.g. J.t) • 

Ia the upper plo.tD realon, t t receives th-e Bot'latll& Tou 

and Goati at•er tro• the •onk a11d the Yanuuta. ( Wll1ch 

ttselt he got tri.htarl.ee like Ollar.lba1,, .Betwa1 'len, 

oto.) fJ"om the soutll. Io the td,d41e rectoa •aay tmpor

tat~t tributaries ltke Gbagbara• Gal*to.k• Soli aid .V.si 

JU:ver .tolil. Ia the lowe.r Gallga ba•la, only Habanadt 

Joittth Lnter 100 'I.Uil 4ow:urtream tro• Ba.Jaraabt\.1, the 
' 
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Dbaatrabl wbiob farther 4owutreaa te k110wn ae tbe 

Boogly ftaf.Ulll tbroa:gll ldia. and tall• ln Day ot 

40 

Beqal aid the Po.db. •hlcll dratt'le 1-oto laq1ati'G&b• !be 

ri vu after efttedDS J.ato BaQ~la4csta Jot at Brabetapotra 

B1Vel' au at tbe end it 1Jreaks toto aaber.e ol eetoanes. 

After paptna ~ the 4eose toreata ot StldorbGDs, 

t.be river taUs ioto tb·e &4Y of aeugal .• 

the total le11gtb ot tbe oaasa fnm Gancotri to 

1ts out.tcll .tato t'be na (Masuro4 aJ.ooa the Doos&r) is 

IJIJ Ka (Bao:, Jt7J). Ot ita total lea&tb, i 11.tSO IPa is 

ia UP1 4t.5 tus tn B11l.a;r1 SIO &ul lD Wee\ DorJ~alt It 

toree tbe boalldary betweea U, sbl Dtbar tor a lea&tb 

o:t 110 a. 

ou tile everase, t•• Gaap tiaollargee -'S90ii0 :llllllioa 

eubtc •tter water aamqaJ.ly (lao, 1975). Tald.- ao d!e-_ 

Cbai"&t &8 a •aave ike Gaqa l 8 tb$ fl fth W&Oit l'lYeJ" 

of tho world ute.- AsnzoDt Kango, ftekoJJ& enct DrahUtputra 

R1Y•r• Ia ter•e ot s011t.f40at ytela, Bo1eaa (196&) ranked 

the Oaqa. aa tlte soco.a4 lars•slf river of the world. 

the Goaa liver Baal• ts boullled ta t11e urth by 

'&b.e Bl$61ayaa. an4 la Cbe so•tb by V1D4byafh ft6 GtU'lSa 

Rtvel' Baaia ai aoe tile b.eg11m1J&S ot blstorv., nn4 Ia. parit

OU:lar tbe Gnuga River, were veey &.llpoFtaot. the eQrly 
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oivlltatiotl starica on tbo bank ot t.bis river. In the 

- wonle ot Jawa:llarlal Rebru, our late Pa·ime K~tmster,. 1fllct 

G&Di* t.e Gbove all t.be •atver ol l114ia"• wbioh baa be14 

lllUa' s baart captive and drava unaccoucte4 alllt.oas to 

ber tltullla sl.race tile •••• ot t.be bletoary • ftt • ._,. ot 

tb.o Gan&a tnm the .source to ••u; 1.-oa old 1£tttes to uew1 

la the •~rr ot Ida • ·& o1v1l1zo:tiott aid culture, of 

&t'eat anfl prou4 eltles, o1 th$ dvelltu.re of atan and quost 

ot ''• ~&t.Wl w1lf.cll :btJ.s eo occuplo4 ld4'& tbtllkere, ot 

the rf.cbuees and ·;f@lfilwmt ot life as well as its denial 

au tte1lQilC1att.on1 ot tile ups an4 4owa.• ot gnwill ad 

4ecay, .of lite all4 dOatlt• (l'lle DiscoveJ1 of Ida). 

file hit a area ot the Oanga :Bi. ver t• I ndl.a le 

86tfl01.t ., ••• uteb4iftg 1Jetw0011 ,, •• to at•li lat1tu4e . 

aM ''0 :J0'B to .a•B loDgl'tlld.e. The basin Gi"ta lies , .. 

ei,sbt states alld uat.on terntoey ot Delhi. fbe peroeat. 

Q,ga of oatckmoat. area 1:• ea® state le (Rao, l97Sh-

'• Uttal" h"llde&b ... YJ,,._ 
a. BllUGCW rnwtee ,.. o.5 

PaaJab tmt. U.J:7alla .. 

ltB.34lstho.n .. 

..o 
1,,0 

Jil&dhya Pradosb 

Biltaf' 

- 13.1 

..:. ' t6. 7 

1. l(eet Beaaal .. e .• , 
e. UIQ..oza tem tory or De lilt o. i 



&bee ber•-. Tile percentages ot various rock• pre.sent in 

the basl" are listed 1a tile table 3. '• Tbe general 

geo1oa:T is &bow in .Pig. ,.a. 
fbe geolog .of the area atter prese• stu.4y can bo 

4ev1ded io.to . -:-*"• perd.nsular ald peninsular geology 

tor cocvenle11oe •. flley are being separated by Ii'J4o ... gat)l~/~ 

tic plane a. In t.be extra peninsula tbe Archaean granite 

ana &1\elsses al'e .preeeut tn effa11 patches ln tile Gal)gotn 

reston. file Palaeozoic rooks in this region 1s represeJl• 

ted by Uimaata Systeal and Garhya:ng Sed es consistiq 

ot sla.los, quartzites, shales, flicaetous quartzites, 

soar~e dolomlte, fhtllit·e• tlae gralne4 calearjJa.2) ea11d• 

stolfe. ard some &t:"gillaoeoos doloml. tes. In tbe Mesozoic 

the cloiDiaa~t eooks are 11tatUJtone, shale, sbaly limestotle 

and santy limestone. The fertlaries are repres~d by 

Stwallke System const.s·tf;ug .aaiftly ot sanclstoues, grit, 

conglomerate • clays aDd sll ts. SO~~ of the lateri 

4epo$i'ts are made up of .tlooct clepostts. 

'file all"'VJ.um constitute about 57' of tb.e total 

basir& (irs India). Most J.•POrtant asong those tt.-e a 

part ot In4o•gangetic alluvtura which separates tilt 

Btmalayun ,IQOU~Ata:los in the 110rlb from hills amt plateaus 
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Ill tlle aeutb. fbey are apto 1000 ••tor tlli<* aud oouapo.

aecl .of' sravolst &0124 AM olaye. be older allulum callo4 

Bbaqar 1a rattler ork eoloure4 aM seaerally ncb in 

coacretiou aa.t Qf.Jdule• ot ·tmpu,..e oalciu• ear-.oaates 

ttaowa as Jtl.Ulbl", fbe newer allovi.ut~ f.s 1t&bt colouro4 

a'll4 poor 111 calcartous aaatters. I' coataiba lentieulor 
""""' 

fhe A.reba•an ara•tes P4 saeiasos 111 tbe pol\losu-

141" reason ie r•prosentod by Bnodeltman4 gi'Ani tea. aral 

glittesea tD •rea a~r &ttl4Y• fte rocks ar.e OOIIPGtUtd ot 

quartz, pit* dt!J.oeloae, pertbl *•• plasioolaeo eoae bio• 

tl te antt llon'blttldo. Graul te gneisses and cba.raoeki tee 

are preaout 11'1 f.UUltb(ea~tern~rpart wttb soroe- Doadaltte 
~- -..., .. -----:: .... ~ 

aaso~iation. file O~#kl'e also· toras hy'btl4 'potsses 

wltb 1Dloll4a1ttea a¥l4 some other a:acleut gnote1ee • 
. 

fhe upper tart ot pre•Cambriall 4!d Cam.'brta~J lD tbe 

area is ropt"eeented by Vltldhyoa and Jti'YJ'tlOOl WGte•• fbe 

4omlaant roetc ty,pes 41'0 eacdsto•s('; o:t ditlererrt •arietlea., 
."' 

Ia. parts of: tile SoD ntver Da:aiG, Goadwam rocks 

are eaoo111ltored lrillc.ll are refJ"oeentecl by dltterefi:t cycle• 

of eoudatol'lo &bale .oed. ooal seams. 

Ve.at baaaltic 11ow& are eeell itt the eoatb.-weetern 

par'& ol tbo basta called Doocaa frapth fbey ere mostly 
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:tl seun erut;tlo11l o:f basal tt.c compos! tioa tor~~lag plo:teaae 

ba•alt. At tile ltol'dor ot Biber dd De~t~al • tile laJatallal 

Traps. wilt ell rescmlllea ••1'1 euaoh to hetotJ.c trapa in coapo• 

sttlon are e.•~&ed. fbey Yaq fro• dolerite to basaltic 

4opeat1ug •• tkoir texture. fbue, tb.e ba.altl bas aot a 

Ytl7 \taftod 480log repr.eseatiDg I"OClta .t~roa pre.Cubrl." 

to lAtest flood 4tt»>atta. 

IMIDIJJI• fto GancC< nt.ve.r Baala covers a Wide ·yartety ot 

lad-forme frea featu.roless plt\1 ns SD tho oen'trnl east

west bolt to bangt us val leya au4 alcoiere iD tbe •rtb. 

ad platenues aJJ4 bills ot toiltlh fhe elOYatt•a ot the 

bastll roqe• m• 7010 eet•rs ftt' taasotri Gko.lv $o 

barely tev aetore to~ C4loutk. 

file 'bat4o ltae atu~aal a:u'laorna rain:tall .aYeJ"agtq 

t.-om &500 to uao a neu delta, aooo • iD tile middle 

pa:rt aa4 1JO aa towar4e wotten elld. ( UB1 :&966). fte 

oli.caa.'te ot tile apper Gtlqa Plain la subl'laad.d ADd perh .. 4 

1D lower Gaaaa ••at•.. Tile ld.d<tle hD&a f.lat ns bal 

buld.4 olt-.te ltetweea relattvel, dl"ler upper Gal'J.I.a &ld 

perbuld.d: lower Ganp PlaiQ.. The climate .i:a tbo IUtaalaFall 

reg1oD J.s also bQald., 
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CBAPTBB IV · 

JIBIHOOOLOGY 

' 
The Gaaga·vater samples were collecte4 dAring 

·monsoon of 1991 (July-August). For eacb enmplo, 

two lltres ot water waa collected troa the surtace 

of wa'tel' 1 D polythene .J:tottles. pH was mea.aure4 

by pB paper ia tile field and sample sealed wt tb 

wax were sent to laboratory vllere they were kept 

ill ·cold. no• (temp. 3°C) to avotd organic decay, 

chemlcal 1nteraotlon, etc. 

fhe eamples were collected :from both the 

banks ancl two samples were collecte« :tront each 

sampling poirrt.. Tbe sampling stations are shown 

in the Flg. ~.1. The Ganga was sampled at varlou.s 

points keeving tuto. the m:lad that samples -should 

be collocted betore and uter m1x1ng of eaoh 

tri.butary. Slmaltaneously the tributary snmples 

were also collected to 3et the ideo o.f geocbeml~tr.v 

of various sub-basine and their impact on the llaift 

river. The processes operati~ in various sab

·basins reflect the geochemtstl")" of whole basin 

with tbelr integrated etteot. 



hell ltottle eoaia1alns oue llire ot water 

vas eaptte4 wltb lts aedlmeat cooteat ill dtttercmt 

ltoatertt. fko beakers Were kept Uil41atu:rbed to 
-

allow the setl:lah"JQt ·to settle down. Atter a week. 
' ' 

the water, ,,.. eao~t be"ker ~as flltere4 through a 

drled and prewetcbed Naatlow membraae lll\o~ 
' ' . 

' ..- )., "' I 

(pore Glze o.IJJ atcrou) to oatcb. the ltael" se4t-. 
I 

aeats still aasettlett. Tile vaoutu 'pwap was used 

$o create tile SllOtlou. fbe .t41medtl lett i.D tlle 

1»eakeJts' were 4rie4 O'D vaterbath aDd were 'ta•ea 

out a.n4. welglle4 alter drying. Tbe wei&bt ot the 

ae41~ottnt 011 tbe ti 1 ter paper was a4de4 to tlto 
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wei&bt ot ttu~ eedi•at obtaicea f.ro• tlie beakera. 

This tctQl ...Siatu);t; welgllt slves tile amount of total 
auspellf.e4 Mtto:r. 

lldt o.f each tmsveaded eeiU.unt stVIlp.le Wa$ 

treate4 with llJOrogen perod:4e (u2o2) and •••bell 

wt til 4tatt.~le4 water to re•v• or;;mlc aa.ttora. 
, ' ' . 

Slides were prepa.-et lor x.r., mtneralogtcoJ. atu4y 

f~o• oraado tree aedi.laents. fhe rest of the 

saaples ,were p~l(ed 111 polytllene bags. 'lhe lllflmt~D 
I 

were storoc.t la polythefte bottle tor water analysla. 
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Tbe pB t'l~tl comtuet.i1't.tr ot evel'y sample w~t 
'. ... . . ' ~ 

meatmreO as ooos as .ther w"'e broual'lt t.• ~· lobe-

raton. flle filtered water sa•ples from all 'be 
' ' 

&tatlotUJ were· aaalyse4 tor various epectes tweseat 
' 

' . 
est:.lmate various species 1JF titratio-n, epeetropllo• . . 
tomettr·. e.tc. aoeor4tnal1 ad table • . , 

_CbloJ!'l4e arid ldevl)ollate were est.l•t.etl by 

tttratitMh ftllea, .salpbate aut pboa~Jbate w..e 

~cteterrabed by' speetNpoto~~ehr vb11e sodiD, JOta

aslwu, aegOJeta aDCI. calcium vor• .allalyeed by at.m.e 

attaorpttoa apectnpllotoaeter. Flatu.·tae ttas ~teaGtU"td 

by iotl meter ueltl& seleettve ioa electrode·• 

•• 
the pU of vater &riliple Ra measured 'by 8ltoo 

pD 11eter. fbe lnst~t wae eet lor J1l 7 bttfte;r at 
!"' ;...--.".,_ 

tMJperat~re e'•9]:~~ ' 
i 

Ct&IMtl!&,t% i 
""" . ·. 

Speolflc 04)ftdticttvtty was •eanred ttl p JUJO/• 
L ....., " \ ' 

iiSlft& S,.st.n'Dlc 41reot read1fil eocdtae·tjvlty •eter-,o). 
file t aat~n t •1:a e&dllJe.ratea. Biid"J set for o.t. ac l . r 
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... ..._- ·-· 

~ ~ ~:.: :~-~~~~:#~r~ 
~a~~&art,M , 

Ctllorlde uas eettaated by tltll"atlns stQD.40Jt'd 

chloride solation ot various ooncelitra,ttons agatut 

etlver-nttrate (Aa.flo,). Pota.t:~alwa ~bnaate (KaCriit,) 

va& usoa · to ln'lleato ~he end point. Tbe voluno ot 

stlvordtnh solutioD coa~Sumed to rouob the etd 

poi at was recorded trom tile but" otto. A ttardard 

grapb vas plot ted aaat. ut tho c ~)noe•tratloD of 

atatldard cnlor!de au4 t~ volamo ot silver mt~te 

solation eocsw.aed. The oh1or14e 1a tbe VaJJ'tou.a 

samples were dotermtoe4 by ...... 1ag tbolr oonawn

pt too of &11 vel'td trate w.l tb t.be etatide:rd &rapJt. 

he e·sttmattou ot bicarboMte tfae dono t.a 

the tlel4 by tl trattag tbe standJII'd bloarbotKt.te 

S01~tlotte 4Z4ltlst 0.006 I' hydi'UCblorlo acid tlSl.ag 

~etlilyl or{I;Gae as an tnaicator. A stan44r4 arapll 

was plotted tor the voi~ ·ot IICl coas•ea agaiDet 

verloue stant.tord s•ren&ths ut bicarbo11Q:te aoiattofla .• 

The araouttt ot lJlcnrbo.a te preseu t lft ·the varioue 

samples at'e metutal"e4 attel' cot~partng tllelr reE14illiS 

with tbe standard grapb. 

BS.carbo'OQte vas qain .e•ttmated ln the label• 

ratory Just after too sampl~ s were :rea.c he4. 1-. 

• 
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tilts motbod ao i»dlcat~r was used instead, pH meter 

electrode was dlppecl into the solutt.on ana BCl was 

aatte4 to lt tbroostl a burette. The volume ot o.oo6 B 

BCl to 'bring tbe pli of solattou at 4. S was aoted .aacl 

a sraph was plotted as above to caloulatedtb& vol.uee 

for blcarbol'late ill tbe samples. fbe average value 

ot tbe two methods 1s taken tor the various calou.la· 

tions 1n tbe text. 

Por tho estt~tt.ou ol tlttorido, cornDlng 

PH/Ion lleter-t'J was used. Plrst the instrument 

uas call borated for the standard tluoli de. Bufldre4 

ml ot eBCh water sample was pi petted out and 100 

ml ot fiSAB (495 e)l sod.cblortd~, 58·5 a/1 aootlc 

ao1d glacial, 66 s/1 sod.acetato aa4 1 g/1 aDfA•l,2 

oycloheqlcne 4tamene tetra acetic acid) was added 

and mtxed tlmrou.ghly to suppress the interference 

of tbe other toas. 

st&ieaa. 

Standard solution ot o.s, it It S ana tO 

ppm sto9 waa prepared b.V dissolving Ba2stFe ~· 

d.lluttng the soluttoa tc Vllrteus properttoaa. as m1 

o:f each staladard Md water samples was taken out. 
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In tbt.s so }11 .aaoatwa •olybdate solution (the 

selu.ti.ora is pre~e4 by dlssolvllli a grtu~e ot am.ttto

aium molybdate in 10 •1 of distilled vater and add~ 

lag 6 'h c. ot cone. itc1M This soluttoa ls thea 

411u.ted to make the total volume 1.00 c.c. by addl118 

distilled \tater) al1d 15 snl ot reducing .f'easent was 

added (prepaprect by mlxlr:eg tOO ml G~~a1 ~_sulphite ~ 

solatlo», 60 ml .of 10 per cent oxalto ac14 aud aso 
c.c. of .t51' s~lpbutic acld and dt.lute4 b)' diets .. 

lled water to 1114ke up the volume to SOO ml. Hetol 

t~»1Piiiie\aolut~on ls prepared by 41ssolviq S g ot 

metol ,,,,· 210 .ml of dlet111e4 water. A&alD S gratiS 

of sodium EUlphtte is added Clnd dissolved and dlstl.

lled water t.s added to ma~e up the volusae upto 250 

c ,o~ ) • fbe saf4ples were stirred properly an4 kept ... 
tor 3 hours to lot the reaction be completed. The 

optical deaslty was uasured tor standard and river 

water samples at 8t2 '¥' u.st ag Beckman model Sil 

Sp$ctrophotometer. A atnn4ar4 grapb was plotted tor 

standard &111oa concentrattotl ver&as optical density 

(absorption) • Tbe sllica ill the water sallplee were 

estlate4 by comparing their optical density, vulu.es 

with the standard graph. 
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Salpbate etaUSar4s were pr&Jared tOI' Dt '• tO, 

ao. IJ al\4 50 ppa ootaOentratioaa.. lw•aty Gal of eaoll 

wate~ SMp1e au4 ataltdarct solutio'DS weJ"e takeu oat 

ta beallere. Ia tl\le waa a44e4 Uo.Ct.acl solut•o• 

alU'l g1yoeroLtt41oobOl solution, ta •l each (lael-

llCJ. sol•tloa is ead:e 'b7 cll&:solviag alto 8 ot laCl ill 

a1toat 980 tal .of 41sti1lo4 water. In thl$ 80 ml of 

ooac.- !ICl is ad4e4 au tetnl volwte l.s •ade upto de 

litre b7 ad4lt!4 dtettlled water. Glyoerokalcc.ul 

solutloa le the •&stare ot oae glyoenl aaa two pan 
ethyl alcolloJ.),. Dvlwa oblort.cle aolla o.tJ 1 •:aa 

aG4e4. ac4 tile mldure was plaoett ota •a~aett.o ;ttlrru 

tor lew .S.uatea. De edlll0tio11 was aea&Re4 alter 

JO ad.aa·tts, 810 ..,. by BA~all anct L•b Sft'otald.c.-to .• 

tboe;;tb$te et•aart solatloa ot tttt•eree 

C·onoeutratiou raflllt;g b"• o.os ppr;s to ' Pllll •trt 

~~tePU'ett by from Potass1oa 41bT4roaen pbospltQ.te (U.Pe,). 

SF~-~~ ~-· •acli ak»4ant -and water sample wero 
------ ----- .. . ! ' 

plpt tte out i ato 4 lOO •1 YOl..,..trio tlaak awl J al . ' . . 

ef mo1yb4ate eolutiota aDIS a al ot aeo-'»ic aa:.l4 solo-
- ' 

tton was 44484 al14 lll1r.ect well. ".be alxture vae . . ' 
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atteaa ten alatea. Jlolybttate eolatlon is pepant 
' 

bJ 4J,.$GOlV11lg t.t I of ...... ly'bdate (BB4)c;•MJifQI,,,--.O) 

oDI o.t 1 ot aottu antiuDFtutnte (,laSbOC.-.04) 

Ill ,00 al of· d•B.SO• 04 atdill& tbG· to\lal YOlQIJe 

upto 500 111 wt til tbe · lll•• atdpbu,rlo aeld. AHorble 

acicl (aboot Chi II) &e fl"epare4 by dteeo·lYADC ItO 1 ot 

aecortno acltt ia tOO al water.. ftle eoltltloo is 

asab.lo for o!le week ·st kept to r•trtaeJlahr. 

ldla an4 ,otaaaiu •ere QIUllysed tty C.rJ. 

Zeiss AAS.l sp&cvopboto:n•n:r iG ••taeioa ucto. fte 

stanfar4 graph was caa4• tor estlaatioa ot eo4lua 

41'14 pot.aad •• 

&als&a AW! . .I.HIIIIa • ._ ~~l ·~·q;;Jdt 

••• Calcium atd llaC\\eaiu~t~lraed ta at.sorptio• 

1104e by Carl Wsa A.A.S-1 ep•otnpbOto•t•r• Vad.ooe 

•tau•~• ot oalciu ntt maaceelWD we.re *""'" Gld 

Yaloe e •ere pl otte4 ln ata=4ard arapfh fb.e values 

or the wat.er ••plee •••""e OOD1f&re4 wt.&b &taDdaM 

ara-pb to set ltle oonoent~atloll of •aaeal.•• 



the X•ray slides were prepared t-"0111 the 

suspended sedimeats by 'drop oD sli4e• tecbnlqtte 

( Glb'bs ''67). The x.-ra7 diftractograph wer4t taken 

by .Plli.Up~ ,X•J"ay Dittraetometer using 01Uf"\:F•d1o.• 
........ ---

tion aXld Ni filter~ The chal"t d.-lve was t cm/mln 

and intensity I x 101• Tb.e mil\eral 1dentit1catton 

and abuM.ance were done by followi1lg the methods 

of Bl!~tuiye ( 1965) and Carrol ( 19flt). 
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CBAFRB V 

Tlao cbemie41 compoeitlora of t.tua samples collo

oted ctqJ"ibg monsoon for the Ganga and ite tributaries 

ore ltsto4 tn tables s.t and $.1 ~es,pectively. 

\ 

file tB ot the! Ganga raugee trot~ 7. 7 to a.o. It 

a. e · alllO at tile so.f4te ae reported by Ballda ( 197.2) • Bay-· 

lilabtuabaya (19?0) 1 Sabrama.Diau and DalAVl (1979). Tbe 

pB vA1ues tor HekoD& reported by Corbomel ao4 Heyti'!Pk 

(S97S) i$ also Marly the cu.vae as tllat ot the Geuga. 

thus, the rive.- W4ter Is ellgbtly alkaline ae most ot t~ 

rivers ol tbe ttorld• GGrl'els aatl flackenale (t97l) \ 

pOinted out that the obem1oul1y ac'tivo rtvere aboald be 

alka11¥le and the neults show toot all the eamplco aualy .. 

sed are alkalluo ..• 

The rtvo.- ia loss alkali u i c tho upetreaa region 

Q.s co.apo;red to the 4ownstreae, J.Jeoouse ot t.be A4dl tiou of 

more nUtalll!e water trom tbe trl.buta.ries llke tbe Gllagbara.1 

Son nttd Ganda"• f.be alknlt ni ty a.ny also be controlled 

by tbe prec1 pt ta t1on, 



lfabl& s.ta Choa:lcal eompodtiou 0~ tile Gtmp Biver (MoDSOOD' 1981) • 

nco-. CJ. .. ·'Iii* 
.... PO_. sto; co.++ . ... sa• x• Suple pB CoD4a-- p so-·t- 1'1& tos TSM 

LoeatloD ctlvlty . ' 'I. . .. ~ 

amq~,m , ... - 4S:::&n:ce 1·a iJ __ .._, ,,. .. 

Bisldkosh 1 .• , 17, 6t .• u •' o.t 1.9.5 o.o7 11.0 i7 .• 5 S~·o ,.,0 ,_, 117 -
Bar4ual" ... 7-7 .,, 52~0 2 o.t . s.s . ~o.06 :s.o .. 27.S '·' · k.t.S :;.o 105 608 

. . 
tlt\'llmlal' 7•7' 21f5 91.0 . . ,. 0 .. 2 1.0. 0 .. 25 .. .. , . ]8-.0 . . &.o :,., s.s 16; ,87 
J'arr-ukhaba4 . 7a8 320 86.; a o . .,~ ''·' o.ot ';.c' .lf$.0 s.o '··' 50 . . 165 110 

Allababaa r: 

Defo·re ldxll'IJ 7.8 2!5 g;.o ,_, 0.2 1t.O o.oe Ll ~ •. o 6~0 s.s 1).5 174 965 
·Ceatluoaco 1·9 250 96 0 . .. . :7 o.a 7·5. o.o]. ).] 15.0 6"'0 sa.s 2.2. 150 t&\4 
After mistna s.o 222 109.'0 3.5· 0.2 10.0 - ,.a tts.o s.o s.:s 4.,. 186 1506 

Va:racaat 7.8 eso 99· •. 0 7 O.t2 7.,5 o.:;s ] .• f 110.0 6.]. to .. s· %.0 115 t.na 
Ghaai.PW e.o aso· 206.'0 6 0.2. 7.5 o.<Ml '~o r.s.o s., u.o ~a.o 290 tall 

soupur 8 .. 2 ass· 100.0 .8 0.2: '6.0 .. a.o ~.o 6.0 tl.S ~, •. o 180 ,,.,. 
Pntna 1·8 29.5 116.0 ·10 o.s .12.0 o.ot ,., so.o 1.0 ·s3.5 fi.O at6 1518 

l'-rakka a- '·' 200 82•5 7 o.s 2.; o.M ).1 45 .. 0 s.o '·' ).0 15, 30.1' 
tt- s.o nos 96.0 '·' 0.1 1·0 - :;.1 tas.o s.o s.o ;.s tt9 3226 

Calcutta a- 7 .. 8 2)5 1011.0 1 0.2 s.o o.os ).0 )6.5 s .. o s.s '·' 17, 87J 
b- 1-1 212 9C).O ta 0.2 7·0 o.02 '·' 38.0 6.0 9·S fj..Q 170 52S 
c ... 1·7 us Bl,.O 8 o .. ; 7.0 o .. otl J.S S6.s ;.o g.o 4.0 ,,~ 6o:l 

CJ1 
~ 



~able s.:aa CllGd.cal OOilposl titUl ot the tril'Jutary ot. tho Gm;t.ga Bivor tHonsooa. 1981.) 

Baao of:ttbe Coftda- PiG 
'I'd ·r.u~ar1os pB ctiv:l.ty uco; Cl~ p- so,.- :po••- ca•• Mg* + a•· iDS ·SIO* Ba 'ISH uHSD/om. ' 2 ·- ... I 1 sfew If. '!II' I_"_ - ..... " . - ........ . -· ,,.._. ,. ---- .... ,._; ... -
aamgans-n 1'.6 260 107 .l o.a 11 .. 0 o •. ts. l.lf IA2.S 9.0 1.0 t:l.o 186 718 

Yacmba ?.8 261 111 10 0.2 9·0 o.)ta, ').2 37.0 ti.o 12.5 ~.o 19J '"9 
Qosti ?.6 235 96 '·' o.a 7.0 o .. oa 2.5 '·' G.o ss.o t.s tot 925 

Gbagbra s.o 222 ·100 l {}.! a.s ·o.os s.s so.o 6.0 l.O ,.o 116 1326' 

son 28S ltl.' ' 

930 97 ·-



It lms bceu roported by Subramc.Dio.n unCI Saxel'ia 

(1980) tbat bica.rbotlate conoentrat1o» ln tho rain water 

tocreasee tdtb 1norease 111 rata fall, bence aa laorease 

in alkallDit,y in 4ownst~eam region ts expeetoa because 

ot moro rain tall in tbut reston. 

Tile s~eci.!ic conductivityof the Gauga Diver 

water ra!)Os from ISS ,uJIIO/eu to 895 ;UYIO/cm. Them is 

a general lllOreaee in tile eonductivity downstroa~~, 

because of· tbe addi tloD of high co11ditetl ve waters trom 

tributaries. Tbe bleb condflot1v1 ty 1D the 4olfnetream 

may also be b.e.oattee of the addi tton ot rat n voter hav• 
' 

iq lllper Ia+ t.UJd Cl""' ions comlq trom the recyeli~ 

of soa water. The b1.per coooentration of fla• all.d c1• 

tn rain wt&tor of the resione closer to the sea has been 

reported 1)y Garrels atJd Ka.ckellfie,(t971). 

The btcarboD&te and oalolum are tbe two major 

eonstttllents ot the ri ve:r watel"• The btcar'boaate ooo

st1 tutes about st,r, au (selc1u.ua attout 13" ot tbe to tal 

4iseo1vod solt.de. At ,preaent, l aaa unable to exp~aia 

the nboo:noally .b,gb concont.ratloe ot blcarbooate at 

Gha.zipur ,sa'ttataotorily, but tbe experimental aad 

tnstraaeutal errors can aot be ruletl out. 
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lt is laterest1ng to note the variation of ia'fx• 
ratio • Ia tbe upstrcaua area ( ft1$htk:esb and Bnrr.lwar) 

tfa,~ value ls o.BG aud o.s, reep$ct1vely and illereaees 

to S at &uaca:u.t ao4 contltutoualy lucrer.u~es apto Patna 

(J.38). Xt goes dowll, at l',arakkn but 1:coronses cga1D 

at Oalc:n.ttta. The obaewat1o11 oloarly 1 D:U.cates tbat 

tho sodium ts ~ot on11 ooaalQg from tbe weatborillg ot 

tbe rocks but also .ft"om tbe other sourQes cu1t1 au;t 

pro1Jnbly fnm tbo cyoliq of the soa water tJ&rougb 

ptcc1pitctloft vblle tJOtasestum ls cond.ng mtnl;v t.:om tbe 

weatbertna aqd bence ranatn& almost eoastant througbout 

tl'J,e course of tile n•or. 

ltle ca• /Mg• ratto varies trom '• 5 in tbe source 

M-on to 7·' in the doun etroam at Calcutta, sllOWiflS a 

rolatlve .tmreaso of calcium dow stream. Tile biSll 

calolum may 'bo because of 'he additloc ot 6alc1w:a from 

tile Katll£ar oarbomtc rlcb nllavial terrain rllentt.oned . 

hy subramafllan (1979). 

'lbe quartz tm4 amoa·,hous silica con be 41asolveft 

upto ll am tSO ;ppm roepectivoly tn tho rl~or waters 1 !l 

t'orm of u,.ss.o'. All ~be sSifJplea analysed sbov under

enta~atton of ailto3 with ~espoct to quarte and a$orpbous 

silica. Subr~rd.nn al'£4 Dalari (1978) bave reported 

bighe~ ~alues of silica eotroent:ratlon (s .... tl6""'tol" the 



61 

Gauaa River ltasetl on 4q· and wet aeaeon samplt.ag, eveD 

tho tho analysts revealed etterao.tu.ratlon of silica. 

11u:o4a (&9?t) b&;'t also .rcvortG4 blgher concent .. att•a ot 

sllicu tor the Ga~ga River. 

~P,W.tl§:).r*a!D !ttor.la~tpH.\. Dol(iDStream warl~tton 111 fDS is 

showu i.D fig. s.i. There is a goDeral increase in tile 

dissolved salts tto•nstreans. fhis bas been observed by 

various workers (tlibbs, :t96?J ca:rbo-nnel t.md; Heybeok, 

1?75; Dlltshadaiah and Subramanian. 19801 trto.,). fbere 

ts Vef'Y hlgb, value at Gha?Xipur because of abnormally 

hip veltto ot u.eo3-. At fa.tl'ill• the concentrOtt1on iau·o-. 

ases uot because o:t a4d1 tioD ot. more coucet.l.trnt.ett watd 

from trtbntn.ries but probably becuue;o of the buman 

1aterterenee. file di&5olvmt :aolids oo.leeo.trat1oll et 

~alcu'ttn ·t1110reaees a.s compared to Fa.-o.kko• but:· · \ 
'- .. -----" 

no high coneoa,ro.tioD t!I.IJr socuwu or eblorido tons is 

observed ln4toating untd.xlag wlth tile son. wat.er apto 

tbc.t pl.nce. Booau$e of thf' hlgb 41scbarge durin:.; monsoon 

tho I#Oatb ot es.tuary remat.Qe tar oft tn tho sea ant 

hence tile mltdr14 of SH water ts· restricted otily i~ 

that ¥"egio;t su.t in the low di sclltlrge period, becanae 

ot tbe i aa.tlwi of tidal water, tbe rtvor water ell~istry 

mQy be aflected even upto Ctlleutta (RaDda, 1972). 
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The! cotltrol ot elefttiou oa TDS a& mentioned 

by Gibbs ( 1967) tor tbe Allazoa le aot obpef'Yed ta tbe 
;.• . 

G·aneA Rlver Bas.lu., The values of 41ssolved soli4e 

conceatratiooe a.re ancorrelatcd vl til elovat1oD,~. --~ 

SoD, wttb an elevattoa of J2S asete~e bas got bt.gbost 

TDS ( Sili ppa), • 'i'be ·Ganttak oDd Gbagb.rc. bari OS VetJ' 

bl&h elcvattoo as corupared to the son have mucb lower 

4tssolve(t sol.td ooacentrations ( 171 and 176 ppm respe

ot!vely). The t"$tlma Is bari.ag lllgb dlsso1vetl solids 

wttb hip ele-vation. file Sott gets 'blgb dissolved 

so1t4e mm tho eedimentnry rocks of V1D4byans comprised 

· of sbalo1 11aestofte end SlU'ldstones.· same. t.s· ttle case 

ot tbe Yamuna, ubieb receives the Betva, CbGtDboJ., etc. 

dnlllt • the bade i&ucoos ~ooks, hlgbly suscopti ble to 

ohemlcal weatberiug gjviq bisb dissolved loo.4. ftlis 

bas 'beet\ obserYed tor a larae tJU.a'ber of AkicGD rivers 

(Grove, t972)• These roota having Yettclee aad cavl

tiea pr~Jvltle enough time tor water to react and add 

4tasol•ed salt a to the eoluUoa. T.be 4omt aacco of 

rock-type us oolltrolli~~g dlssolvo4 aoltda baa also 

b:eeu .f'eporied by a.115ebaaa1ab ( :t.919) IOJ' the Godavari 

etu1 CarbouDel·aotl Meybecle ( 1975) for the M$lcoQS Rf.vor. 
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Ia tlg. 5 .• 2, tho 4l$ao1vet1 eoll4 concoo~ratlon& 

o.ro plotted aga1'D$t,; tho eu&peated solids colleootratious. 

l'be pJ.ote fall iu a eo~te sbon by broken liDGth .Ia 
' sene;ral tllero .te em increase tu 4t.seo1ve4 eol14 corsceo-

t.ratioa i'lttb i:ccreaae ln suspoD4o4 solid oonoatra.tion .• 

S:SH 1s one ot the lllpOrtant pe.rameters of the 

ri?er baetn studies. It bas been taken aa ~le ld&x 

of physical wo:Atlu~;ricg ill the catctwent aree1 lleuoe 

ta used to calcul:lt& the sodlaeut load ot too d.ver. 

Dow=stream vartatto-.to the fSH havo boett stu4ie4 by 

va:rtous uomere llko Gibbs ( 1967), B1k8hma1ah and 

· St&bramard.t:t~l ( 1980) • car'bonnel CUld Meyboca ( 1976) t 

Sttbi'Ptdd.&n (1979) eto,. there· 1e a acu:aeral 4eol"tll6e lfl 

TSM lowns'&reum l!laiftlf becau.$e ot trw ellfivlal s.etU.men-

tntioa and also because ot coucentttLtloa ot artificial 

bar.,.aae etc. 

!!!•pstrll! _Dr;IQ$1281 Dowasteeam ttSM Yaftatloa. ts 

shown tn ttgure 5.1. It Is ceMr,lly tncrea&irl3 dova

et.ream upto PatM and then grat~unll,y &teo~eaaofh fte 

deoreaae tu TSK 'be'ttteou Fa:notdlaba4 atld lttu11u1U.1 :ls 

perhaps due to &4tlpliag problems a'ntl _,, bcoauoo ot the 

dtlutloo by the QmilpDga ntvel". t'he river at this 
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plo.oe t s brat4etf aid tbe &omple was collected oD.ly t:roa 

one or thO br:aachtUh so there are every_ p,ossib111ty ot 

cett1D& low f'SH. there ts an it!Dreue in saaperl4e4 

matter tro• Karmn!Q to Vara.nasl. fbe River YQitlu.na wttb 

.biper ISM tbd tile Cial.'lg.a .loins at Ulababad. B•tweeD 

Varanaai or.d Gilaaipur, tile fSH deoreoaes appareDt1y 

because ot. tbo dtlGUoo by tho Go•ti atver. At soapur. 

(after &d.s!ns wtth tu &bapara) t.be rS.•<tr baa t;ot 

ahuua.ally bi&b iSH va1ae ( ' ''' ppm) wb:lcb decreases 

4t .Pa:~aa. Attor a •llgnt iMJ"ease at Farai:ka; t1Da11y 

TSM ,ttoe~aee at Colontta. Very hllb Valllo ot tSff o.t 

Sonpur (Dear Patua) is ma1Dlf 4ae *o but~an activltic.Hh 

fhe ts¥4 vaJ.-.e at Calcutta •1 be eontro1le4 w1 tb tb.e 

art1tictal farAkka Barraao wb1cb regulates tbe flow tn 

tne Hoogly Wld PatJJna. Tbe alluvittl se41.turnt~tloo 

between Par«1kka and Calcutta, IDtlY be otl.-er importaa' 

reu.eon tor tb.e 4eq•eaee itl TSH 6t Calcutta. Alter 

Parakka. the rtver taktua a bond: ettd almost becomes· 

uorth-eoutb. fb1s ttlll eertaiDly rGd,uee the voloolty 

of tbe streaG~ water and a cottst4erable :amount of 

alluvial t!ldlmentattoo may take place, beooe TSH i.s 

decreased dottostream at Calcutta. 
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l,a tile G&ti~A llver Baain, tho ts.• 4oes aot eeem 

to. be con-elated wf.th eJ.evatioa as it has been p.d.1lte4 

out lty Gtbbe ( 1967) 1or the AraaZoa River.. lere, the 

••all fSJJ is tor the river dratataa areae ot ld.~altl• 

tude with sedtsotaq aa4 aetatsaeoue .-ooka. Ibis 

t1»e of e~tservatl.oa ts al eo reporied by 8lksba«<lale.b 

( 1g75t) tot' tbe aoaav.ri u,,.,.. For exaaple• tbe soa 

wl tb loven &'f'enlge elevattoa arad lew ti seharl• ·(31800 
. ' - ... · 

Jdll&o.n ealdc ~ters/7e~ as compared to tbe lau~ll 
($1200 m111,1on eult'o raoter/year-) us &ot lllrJXlm• fSH 

(1589 p,a). WJ&e soa •• auottt ao,s ot tte drall'la8e area 

iD tbe Vtwtb)taa r~ock:s oo:mpnsiq ot ebale, Madstone and 

llmesto~~t. rae Tasu:. wb:leb recotves trtbutarles 4rain. 

tar Vi~IISt Deooaa 'Taps omt so•• gNld.ilo f'Qoke 

bas tot blab ISM. 

fb&s sbows tbat n;,ck t¥ve aDd. perceutac:e oi tile 

~ocke cov•rttJg tile 'ba&in area are t•portaat 140'Iore 

to coatnl UN oonoeotra~1tu\. fJae ooatrol et l'ock tygo 

us b~Jen rtported by waout authOrs • hbr.,.taao ea4 

Dalan.(t978), Btaeq ~4 Ht.lllmau (i978), Dikskamaia.b 

(1979), otc. 

Prom tbe pr.-ecU.Qg 4tsea•e1oas, lt te ol&Ar that 

-toe rock type ts 4he llda ooatrol over tbe ms •4 TSK 

oonceutmtiou 111 tbe Ganga Mver Dae:lll. fbe elevn.t1ou, 



. whtch ls thf!J moat iaportaat taotor f.a cotJtrollibl ms 
an4 fSH tor t&e Aaazoli ts uot taportant tor tile Ganga, 

because of I. te dltferent vaned geologl eal allcl geo• 

grapb:lcal eet up. 

!be cofitrol of wate.r obomlsti*J on tbe coxaeent r~ 

ttoa. of euspetl4~4 eatter la tbe Gange atver bus 'beea 

at tompte4 111 tb.e tollowlug paragraphs. fbe control et 

water cllemist17 •'* enspe114ed. ao114s COtlOGDtRtlon 

has been d1acuese4 b7 ImeeoD atld Veltratea ( 1981) tot' 

river& 1Ulo the Pl.pe Clay Creek, lfow South ti41C8J Qaetl 

Kala itie, Horooooa MOreao ib.ver, D~xbay, s,. DakotaJ 

Catcllwater Dratu, Yoa-ksblro. BngJ.and. 

The nautr-a1 waters bavt.ng low or intermo4:tate 

level Ql elec::trolyte-coi:'ICentrattoa vt tb lllgb so41ttm 

coaoentntton, may brillg aboot tbe d1speralou ot clay. 

Tile water earrrl!l& clay tlleptratoll in eu.spensloD aay 

flocculate if tbe eberd.cal eovirouent changes. Dt s-, 

persloft ts likely to occur lt 6011e 1JJ tile drdrlage 

baeiu ba•e ld.p percouaaes of esob.nngoable sottlum 

(ESP). Tbe cbeld.~al balance betweoo dispersion ao4 

~locculattoa f.a streacs water, ls deterad~ted amotJgst 

otber things, bf the thiolmese ot the t dlttuec doable 

layer aJrouBt'l tile partlclos. whiob retleota bOtb tbe 

oheaical ooJJ~,poe4 tloD of tbia l4ye.- a.:M the stream water 
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cheulistry, t.o .• , 1 te electrolyte content. At hi~ 

electrolyte eoncentrattons, puttcle aglomeratioo 

generally occare at masimu rate, betas deterunea 

$lmoat solely by dittusloD (rapid coagulntlon). At 

lntenuediato electrolyte, couoentratlons• the coasu.. 

lat1ooprocss is retartled by tile loag .. rnnge repuldoD 

aaa slow coagulatioa takes .pla~es. A{{ low electrolyte 

eonoerstrattoa, the coa1u.latloa proooss ls retarded 

to •ucb ftll extoat by the appJ"ectable ht&b raage repul• 

slon tllat tor oll practical purposes. tbe G~U:lpemtoD ls 

stable undel" these codt tlous (VaD Olepbea, 1977). 

fbe oatlonlc compost tton wt tbta the diffuse 

double layer and ~ts thickness ca.n be ostabltshod it 

t t 1a assumed. tbat the acc~am.ulat1on ot .cations ls 

goveraed by eleot:rostatto attraction. Tbe ratio of 

a4sorbe4 cations l:e tboa a f1uaotion o;t tbe so-called 

•reduced. oollcectratiou ratio• ot tbe oaUone in the 

stream waters, it the ionic strength 1s 110t too high. 

Tbta reduced rat.io, tor a steple IIO'P-41valent system 

lJ,ke Na-oa water. 1 a 4et1Dfi as 

Co(!la)/1\/ (Co(Ca)) • 

ltl wldcb Co is l!;ola.ri ty of tile ions ln tbe aQuttolla solu .. 

tions ( lmson a.l14 Verstra'ten, 198&). 



Por rJOst •tural water system, tbe re4uce4 

ooaoeatmttoa ratio ts eqt{ltvaleat to tbe sodiWil 
'1.,_,.-

ab eo.,rttio8 rat to ( SAR) t 

la tl.&• '•'• the electrolyte eoncentra'ttou 

( £eat) ls plotted aca1nst the SAB values ot tbe 

70. 

water eawplth the SAB value!)lmoreasea w:Jtb the 

olcctnJyte coacedratloth The tnoreoae le •t in 

eqaal proportioa. There ts tr.iOre increase in tbe 

coracentratlon o:t sod lull wl th 11 ttle iDCroaee ln eleotro... 

lyte conoont:ratiot'l ( ~· cat). 

tills is evl4eat trom the Fig. J.4, that no 

iacUv1du.a1 1011 a.& directly controlllttg the Stlspendri 

JJOlld ocn.tcentratlon, since tao defi atte pattel'il ts 

observe4 betweea suspended soll4s concentratioa and 

Ba, CG + Ng, and ~·cations. 

In Fig., s.s, the percellia.se ot Na iu totnl catloa 

and S.AB valu~ are plotted against tbe TSH. fho b18b 

valuea of l'SM le go he rally correlated "' th the blsh por

centqe of sodium a!Jl bigber value ot sAn. Tbts sbows 
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a ootltrol ot eacnangeoble sodium Oil tbo suspoll4ed 

eo114s in rlvc;u,* water. At high peroentage of sodium 

alld lou electrolyte oon,taentratloa tae ela7 particles 

are dispersed into the water; llenoe uv:rease the TSfi. · 

Tl\tt&t the ooaoentratton of suspended eoltds i·D. 

the Ganga nt.vor Dnat'ft, i.s not oaly coatrolle4 ·tty 

ph:retcal pa.r_,ters only but also partly by tbo cbemtst:ry 

o t river water. 

In this &actloft, GD attempt is mde to tboore• 

ttcally predict tbe possible ml.Dera.ls in equlllbriae 

w1 tb tbO river wat$r11 To contona theee pretU.otlob, 

a1'l4 to get a qaG&ltattve re•lt, tbe sn&pe'llde4 se4i· 

menta •1aernlogy was studied by takiag tl'letr· x-ray 

di ttractogropbth · 

J!t.qstal. equilibr-ia ita tb~ .. P!9::liJ0.~{!9,..s2o, tldl!!: Ia 

orthogonal stab I 11 t)" 41asram ( ttg. s. 6) the logari thll 

ot tbt obsft'VOd. (PC02) and [.qa:: J Were plotted as 
[ Hg·. 

variables. it Ss tou!Kl. that all the potll'ta are olastere4 

in 4olotllte 11cl4. fit is also observed by SUbratttaotan 

(1919). In IIOSt zw.tural vater1 the dolomite does Mt 

precipitate, except in some bot epr-i~s; salt-lakes 

afttl 1n auds of salt lagoons undorao.t.q; atroq solar 

e<Vapo!'ation. lt ts believed that the dolollltes are 
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. 
formed by OOIWerB10'11 ot calolUI corb'Ouate after 4ePO• 

sitlon. But tbe X.rq 4lttractioa etudlea ot the sus

peuGea eedimeats sbou t.bat the ttolold. to ls proaent lll 

small a::AOllC.t la a*loet all aaaples. Tbeee dolold tee 

my oot be a pl'\lJSJGl"V preolpttate but tbe clastlc clolo

ldte present twa llae clays aD4 silt eusttrttsloa. 

ptedlot tbo possible sllicato atnerale la equtllbdua 

vtth tile nveJJ water, aetS.v.t·ty.acttvt ty cttaanuu is made 

tor IG•slltcate, Lslltcate1 etc. Jo tbe 41asna, the 

log.. ot actlvl ty ol rea,ect1ve oa:tloa/ act1Y tty qt b;r4ro

soa loa are plot te4 ogo.taat tbe De&a tt -ve los ot acttn ty 

of stltoa. 

The plote are acQn ill Fig. 5.1 A,a,c,n. 

Jt Sa cleal" troa tbe Fia. 5,.7 At B abl c tbat 

kaollld.te is tbc posslble cloy illt~et·o.J.. JD flO case• 

tt'bbslto seems to be ta equillt.rScw vttll tile uator. 

This obsoPatton collforma the geDe ral obae"a.Uoa tlat 

rcooll.atte is tlle most OOIDQOD clar ed.aeral proclaced by 

by the ••ta~eri-s ol. atllca.teth st aco gtbbllite requires 

a contlatou:s tlusbi.Dg out of tile eiltca by l'alll water, 

its probability b wry IIUOb re«Qoed ia a basta lllce 

tllat of Ganga Btve.r. 
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Jlg•eillcate sye'teeh Thts observatloD is also e4e by 

Suhra.maatart o.a Dalavt ( 1978) 

fbe ab tU1daace of the -various ld. nGI'als pre seat ill 

suspetlde4 aetUmont. is l:l.steil lll Table s. '· These 

reeu.ltf) aro at beet setdqtli.IZltltatlve.. Tho relative 

ahundaftee ot tbe ud.Derale is caloalated by tbc relative 

area oocuple4 by the cbaracteriet1c peak at particular 

4.-epaclath ln FiG• $.8, aoaae ot the dl ttnotograpbe 

are gtveD o.ilil tbo posttioa ot the cuaraet.or1etlc peaks 

are marked. 

RH&d! 1 ,a!!l..blft11£: QUartz atld telspar both are ns1• 

stant to pbytd cal weatbe rtua bat tel spar 1s quito eusoe

pttble to cbealical weatl'lerltaa aad gl vea riGe to clay 

alaeral& wbeD it woatllen olt. Gibbs ( 1967) l"oported 

for 'the -.o• tbat qanrtz 1e less abtuldae\ la mou!lta

neous envlro.-nt. file bigb percentage ot qucrte at 

BAntwa:r (momstaueoue otJ.vtroaaentl amy be because of . 
breaking down of quartz 'by GOtae physical proooasos whlob 

are taot opc.u-attqo 111 Amazon Bt.vor Basi 11. fbo blab reln• 

tive percontaae ot q«arta my be because ot rel(ltive 

abaenee or deftcleuoy of oth0r mimrals like clu..)'s. 

fbe mluraloi)' ot Yar~ana rlverr ls Uttoreettq. 

It drains tJll'>ougll tbo area eild.lar to tbe Ga*'la S:a upper 
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parts of the ba.sic1 but oleo receives some trlbt.ttarlea 

1D lower pans ot tbe bnsiu, draining DQcoaa tmps ana 

otber basic rocks• lt baa a ... d.xture et Jd.p re11et 

aDd low rel1et 111. th basic llfleous roCks. l t sbovs low 

0 ~~-- -~ -"- tel. spar 'beeau.se ot their dis true ttora 4ari Ql 

chemical :weatbort-a ard bigh qaartz llecQiuJe of tbe•r 
resietauoe to alteration. 

Q&U)I&ICEals: la getleral, olo.y ld.nerals are 110re 

abue.danl la lov roliet ennrouont ttaa• the llisb relief 

end roamorat bee&use tbey are the product ot low reltet 

chemical weatberiq. tble bolts tru.e for tile Ganaa 

atver also. 

The prt111tU7 ol~y mlcenls are traolttllte oed 

.efJ1orl te as it i$ evideat f.r'oa tbe stabtltty diagrams. 

The other clay miGOrals are mo~at..-111oD1te afld illite 

as easpetdtul clastic sed i.meat s • . The l~ck ot kaoll n1 te 

at Banwar atut abundauce 1 a low rellet envlfti-.'Dt 

provee the brcakdowa of ailleates to tore kaolinite ta 

lower :rol:te• el'lrironmont •. Cblor~te is present.- , "~1· 

moat coDStantlJ oxcept ln IIOUI'!tatseims erwtroiDfJlt. file 

cblorlte Ia proae11t 11lO,sUy as cletrJ. tel gratu btl$ not 

as a primary cla7 mlaeral though the· ...-.billty ,of 
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Hs•chlol'lte 1& tndicnte4 ia Pilh 5.7 D. Tbe pncl ... 

pitatloll o1 olllortte ls possible ln •rUut ee41eeats. 

Moatmoft.1loalt• aid 1111te are, prennt iu alaost ell 

tbe sa•pJ.os altA lltave t=avor•e rtlotioaabip 'betweeG 

their abumanoe. 

Ht.884 layer clays ai'O present 1a V&'l''f eaall 

aaJOtmt iG. all the umples, $a wlltch aont.morillord te 

cat illite are Jr-eaeat ellowla& atltntermedtate ooaJOsl• 

tl.oa betwee1l tho two. 

Since ao elze separatloa was doDe tor tbe 

&11&pen4e4 matter. tbe various propo:rUou of olay aat-. 

rals la the balk seaple •ar oJ)ly be au a.pp .. oxtmetion. 

'J'o s·et a elear pietqr e ot. tlle clay lllnorals, the else 

SOlJBre.ttoa is ilitoriaut. .ADy ml:noral preeeut as leee 

tball s.,S·~ot the bulk le -~ preelsely detected tn X• 

ray dt ttraotoaraplle, 

he obeaioal at:d secl1mea~ mae traosporl are 

oaloulated(=_.Jtol' tho ala tributaries eu.,..baetll an4 

also tor tbo basta c1lvlded 1uto vuioua segnaent&C~:; 

fbese seame~ats are tho basta area tro• soqrco to Bardwar, 

sou.rco to .larttl&UJ at1t1 so ora upto Calcutta.' fbo resillta 

ore Uste4 ill Table S.6 aid 5.7. fal)le '•' a.nd ,.5 



. tablo S.tJ 4Ye,..ae •levattoa,. ba•ie area a,tut aamal 

aYeraae 4l$Cbar&e ot t1'1ttll&ac1ea of tile 

Qatlp. 
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IOb-Ba&ib A•era£e 
at•ers e1evatioc• 

lad11 
Area** 

· Aaraal •••nae 
Di•cllarge• 

(mete~ a) (mal) (zt.ill&on 
cubto.•$ers) 

ii .. J· .ft. l ( · ... &f.ll FU_lt _i'f M''ft._ .. 'l'f ._.,.._,.__.,.._ __ ............. - ............ 

ua•a,uca ••v·a se .• tt93 

Yamttfla &lOG ,66,sa' 

GtU11ll tSO ~·lf:J1 , . 

Gbqhl'a i194i 117,950 

Sott ,., 11,1S9 

Ga.n4all .• , ft,soo 

• Oalflfllated tnm Sl#Yq ol l nctio Hap., 

••rroa aa.o (i9?J)• 

''•·"" 
~,, .• 
,,,o 

'"''" 
,,,800 

58,100 



87 

. 
avorag• «laottarae ot 'f'ad•ue ngaout a o I t.be 

Gaala a(ver Iatif! 

• r 1 · n 4tn£i fin t · f 1 ··n _r , JW t) .1 1 11 •-•• _- _ · Jt t t_ 1n1 11 u. 11 & · r r ., tl• r .1 - .. a. 1 !'\ . _ a 

- Allababad 

Calcutta 

AYOfage 
baste• 
elcwat&oo 
(auite:re) 

SSll 

.t260 

Baelu 
Gl'et•• 
(a.-) 

MOSSO 

JJ8207 

?SOSJO 

* Co1culatec1 tro• survey of ledi4 Map. 

•• Ca1ou1ate4 e.ppt':oaimately 

••• rru aao (1975). 

Amnaal AYerase 
Dt 5dlarse••,• 
(lllllioa 
ou'blc meter•) 



atver 
::attl).'bosia 

Ra~~gan• 

!'~a 

Goats. 

Ghqbft 

So a 

Gu.tldak 

• • > 

. kQDlal . ·. Al\110~1 - . fOtai . :Annual. . L ' Auaual - unaai . I 
1
' .' . Dooreaae ? tree a .-eq Ol.rea 

10 2. ta ,,. 87 taat 5.81 ,, '·'' 
la5 ~·17 .. ,.,~. "' .• 9 39l 10 . . t6 "1·1 

0· .t ·7 ~2, •o ~J: s.6 S1 .t.!, 
t2i .,. '11ti. !J18 J.:JO 1108 7 •. s ,It\; 8.7 

50 6 56 109 96 so;· 7--38 .,2 1 .•. 0 

a' 9 '' . '. 383 ••o sas- 2.7 6.6t 
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enlist the average basi a el evattoa, basi a uea ard 

annul dlscbarge. 

fbe tollowlag, formula were need to oaloulate 

tbeee ligures 

ACL II Q lC TDS 

whe~e1 ASL a Aanuai sediment 1oa4.lc metrio toaa. 

ACL • AtU111a1 ollemloal load ln motrlc toDfh 

Q a DisctJa..-ge 10 llilllon ca:bio raeter/voar, 

'ISH • total suspended rsa.tter la ppm 

TDS • total 41aso1ve4 solids la pplt; 

,. 

!a!cultt&aa.e£ ttaa. E'i!!l£td , tg ,rea.cJJ~~Hlt lt!DI 
elevo.tJon ta .. BII Aft!c~s ror calcu.latla& the total 

tim& requtred to reduce tbe hasla to baoe level, tile 

iltl&s ot tbe b~sin ls ealcula ted by to11oui flG .tontulae 

aft4 then d1Nt4e4 ._ tbe annual erosion rate in aetrte 

toes. 

H a A lC 106 a R x o- aetr1o toes 

wllere, II a Rnss ot tbe basifl i.n ~~etric toas 

A = Area of tbe basin 1a ._e 
B • Delgbt 1ft meters 

o-• Deulty (2.5 g/criJ) 
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. P.a,lgula~I2D ..21 .. !U!Bel t.~SIIil tp elttat&aa• It ls 

· ·ca1eulate4 by oalculatixa& tbe tbtokt~.eetJ ot tbe tbi.a 

ebeet ot aed1Jaeat wbicb voulfl be orodet'f ,..,. a Kg an•al 

erosloa rate. 

Broston rate = a K;JIJfiJJyenr 

c= a Ka/io6.S/rear 

• .. a&slJ.o''/!- •Iff/veer • . a.s ¥~1 . 
IAftl JDPIIt.Et l'l.lble '• 4 ntld: s. 5 eOl.lst avena• 'bo.slll 

elo't'atien •sta area all4 anaual average dtsobarge ,.:eor 
vanou& trllltttary sab-eae1ns afld 1D Ute basta at various 

places ~enttoaect tu tbtt table. The mass t·~nu~J,lOrt ( sedl• 

meat "' 41ssolved) are onlcalntect for the salle .804 ltsted 

in table 5.6 tm4 7•'• All these calculattou Qre based 

011 tile sample·• collected duriug monsoon. Sinco river 

transport 110st ot · t ts load durt ng moliSoon period' these 
J ' 

values are t~en as •tmal average, It bas been JOlated 

out by Submmard.a.a o.n4 d'AagleJaa (l91G) tbat TSH 

transported by a .river does not ceoes.sar11y reflect. tbe 

total aedtracnt t .. all!fer to the oceuu beoa.uso ot tile 

or&ollio coapount ot fSM rangtag 30.$0• ot 1 t. The be4 

loa4 ts also aot 11011itore4., so tbese calcUilattons are 
' 

approximate aud give aa iDslgbt lata tbo moss transtor 
of t;be bae1Jh 
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lett&nn! !iU :!DUttrt fakil)g tile talootta ae G liCUd.• 

tortag atatloe tor mas tr~=ster, tbe oanaa Uve• is 

aru•ally ttisobarat"' ·C:J saa mtlltoa toae ot ee4tment 

into tbe Day of Beagal. This is eecoal hiabost lor tbe 

IB41an rivers, tile drat belcg tbe Brabflaputra (fable 

·S.8) • trarssportl-. 711 •tllioa toes of se41mects .u-.. 

ally to tilt Bay o.i Bel\la1. It oontrlt.ate ~ ot tbe 

eectlmetat load troll lndltlt Tbe sedt.meat load of tbe 

Gauaa i.e coapo,rab.le wt.tb tbat ot the Colorado• Htseisal• 

ppi nul lrrawady clad is aboutcee third ot ~ea.a and 

oDe ltftll ot' lluatW Bo (table ,.9). 

Jll!qm&ea!~n!'ll' SEI!lt&U= the Gaega River traasports .eJ 

milltoa tou ot d1ssolvea load annually. fld.s constl• 

tutes abOut ''~ ot the lud:la. • s aunual chealoa 1 · 1044 

to the ocean. fhia is blgboat tor Irdla mt4 oaa be 

co•pared •t.•b tho CoQ&o. l.ltls is aboat oM tbir4 of the 

Amaun and is about less tbaa balt ot tbe Misetest.ppt. 

flMJ ob.-t.ea 1 ·Soa4 of the Gaqa alof49 1 s more tbaa t.lle 

total cheatloal load o: Australia 'J"&neperted aDnuallJ'• 

this is aboat a.s~ ot cllealcal loocl ot tho coDtinental 

earth!' fbis its ev14eut that tha Ganaa river '" cbeml• 

oallJ ver7 active aid a.e compared to its basift area, it le 

eo»trUmtitlg e•BIOue dissolved llirterele- illto tb• oooruh 



Table .5.\$1: Deurulatton rates tor HnJor Indi.Qtl Blvera·• 
(otller tba:m Gaztg.-) 

Cbealoal ·. So<1 taeu't total 
Ba&iG loa4 load loo4 

9 JQJ . e, ----ttl . km 7' ... --..... ,. 
• IIIII. - .. 

ltau•ery 7 •. 6 0.71 s., s.·7 0.81 

Krtah& iS,.O &.so 23.5 
J ','J-;~'~, c. ~ ~·l!-~ -, 

,J 6 .1~ 
-~~~-~::~~;..; "' ... .:....r/ 

Godavari 22.0 s6.ao •• 2 7-S ,.,o 

BQ'II'Ulda tt.o. 6.20 17.2 ta.s 7.00 

t'aptl '·' 2.70 e.;o s.7 I!. ;so 

Kalla11ad1 cs.ll 1··10 &5.5 o.l! J.t;o 

B.:rtlbllaputra. 81.0 7.11.29 792.ll 12.2 110 .• 11 

•Subrru::aanlan ( 1978) .. 

•.--·· !li u j u··-s 

9·51 o.t 
?:-., 9 42 o.s " \-_r-.: ~·:,_:-2!:~ 

12.60 o.? 

19.&0 o.; 

,, .• o o •.• 

!1 .• 80 o.s 

122.31 g.o 
~ 
~ 
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fable s.tc lrosio·n rates of Some l•portant rtvers in 

tbe World* 

Rl<Ver 
Cbeid.cal Socllment Total 
loa4 load · load 

Cneldcal SetU.ment Broatoo 
rate , rate l'ate 

·--,trP kg/yoar. -,.- -> -. ....... so' tcg/t,r~8/'ioar ... ---
~ I "I. I . I II ,- t n_l _lfid·H· OJ t tl•· -·l-P t-Il---· 

it.66 

.98.5 

(]G., ••. 

Colorado t;6.7 

Co labia 

Ob ,,.e 

?.50 127.50 

.Duana Ho :l6to .. s .... - ' , :u.s.o -
- - ~-8 ,..,. 

' .. ' 

*Dn.'ta tor Colorad,o and Colusbla • rcoalcn&late4 frolt ductson (1961) 
aJU! trom.Gtbba (1972) rospect1vely. 
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total !lft§1,.tDQdl£t he total sass traaster of tbe 

Ganga atver Baste to ''' mlllto• toea ammally. Tbis 

1s tteetoDtl llig.best tof' the %1141aD rivera. Tile Gaqa 

Bl'l'er Bad.a badng baeia area 16" ot ln4la• ooa.trl-.. 

bu.tes ''~ ot the Ida aes tlanste:r t.o the a4Jaooftt 

ecc.:u1s, fhls ta little lees tbaD tho Aaazoa, IndUs 

and· Brabmaputra, bat is lese tbul half of tile lle.b~~&• 

.ftotlti 1NI11 Tale t~tal erosion rate tor tbe GQDga 

&t:ver Dasia 1s 5\P metric ti:J».s~/year (-':SS •e4lmen.t 

• 1St cbemionl loatl)• l'llis ls .about bal.t * erosion 

rate ·of tile DrahQAputn ana is greater tbaD aDy (l'f;ber 

ID4lall river., . Compared to other big rivers ot the world, 

ttd.a le less thOD b&lt of the rate ol Jlelto'DS but ls 

higher tllan any otller river of tbe world. Only tbe 

el'Osion .rate ot t- Colorado call be compared vttb that 

of tile Ganga.,. 

fte eroslon rates lD the GaDga Bi ver Basi a are 

uncorrelated lfl tk the elovaU.ou. fbe too bavt~ a mere 

elevatloa ot J2' meters ts llaVlag seoon4 blgbest on&ton

rate (80\ raeirlo tDas/b8/yei:'JZ') wbile Y8fflum baviag mucb 

bieber eltrratloD ( tltt9 a) bas sot only orosiol'l rate· 52 

toee/Ka8/rear. (ibnp-..a u:vtag a bl&b cle9"at-.on bas got 

btgbeat erostoa r-te. 
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§!9jma&t£<;be!Wtg,~nS£!§J.Oll [qti.O! be ratio : .. of 

ee4lmeat to ch.omical eroeloa is about 6 to l tor tbe 

Gaaga (preaent work) all4 9 to 1 tor DralatDaputra 

( BayllabasllaJ'&t t9701 Stdlramaralan, 1978) • for tbe 

Ga-a, Sub:ramatd.au ana Dala.vt · ( 1918) repOrted tbe ratto 

ot 6.J io 1 alld Raymabo.sbaya (1970) repo&'ted 7 to J., 

All tbe Blmalayoa livers Etl"e bavlat sedtmoate: to chemical 

erodoa ratio more tbaD i. while all the rtv~re ot 

peataeular lm11a ~e bavtug ratlo less tlia~ •• Tb4s 

sbowa tbat tbo Bttnal4Ya'l1 rivera are mecbanteally more 

activo, wbll,e peuiftealar rivers are obemtcallf aore 

aetlve. Tho ratio of the Ga~!~a eaa bo comJ4red wltb 

the Irdu.s. t:t ts tbreo tlraee that ot tho Hlsetosippi 

o4 the Anlazoll1 hat less tbaa balf of tbe Mekong, 

ffblcb bas got the htpes' mtio. 

Ill Fig. S.9 1 the cbemicu.l eroatou rates ar-e 

plot:t~tl aaa:tttst the .• edlmeut el"osio:n rates. It shows 

ibat tb.ore is all 1ttoroase 1a cbemtcol •roalou rate, 

u;ltb iGCrease 111 eofllment oros1oD rate. fhe 4ota. potnt 

od!t Yamuna taUs :tar away fnm the line ellowlag a very 

lllgh cbemteal ei'Osion rate as compared to its se4imeat 

erosloe rate. Because of the b1gb cbenti.ca~l eneloD 

rate, mainly controlle4 by rock type te tile tr1taatanes 

like tbe Betva, Cbambal, eto. •be 1'.-sa has hip ehoal

cal OHetcn~ rate. 
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Fig. 5.9: Showing increase chemical erosion rate with increase in sediment 

erosion rate. 
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In Pia. '• f,O, the 4a ta tor erosion ratos an . 

plotted against the basie arefl. Ia graph A the ctata 

pol at aro tor tke tr1butart basins atld Ita 8 1 t.be 

values ere at vartou poi.Dts ln the main rivflr baalc. 

Plot A sbowa a cletU: post ti ve corr&latto.ft wl tb tbe baolD 

area. this la oo. contra17 to tbe obt:U)"&tlon ma.de by 

SubramldaD (1982) for tile Kri.8bl'JQ. River. Basta. 

Plot D also ebava the iuiUal illCretU!'O I.D eroeloa rate 

wi tb iacreaae t.n 'basta a"a, but at very large hasll$ areo., 

tbe erosion rate al110st 'beoollee. constant. 

fbtUit lt ts evldtlat tbat the erodOO rates are 

a.ot goveraed mat:nlr by relief a• f.t is t.n tbe Amazon but 

also by basla area, rock type (as abowD by fSM V41Aos) 

dlsotarge (cot. discussed bore), cllllate etc. 

!!ail! e&UUUD .GMMIII Based oza wodon nt. ua 'lbe 

averaae bas1u elevaUon tbe cteorease in med elevatloD/ 

100 years aa4 total reQ.utre4 ttae to J'eduoe tho basic 

to base lev•l is oaloalated aat listed ill table '•' ad 

S.?. Ga tile average,. 'tbe 04nga liver Dade would bt1 

red&i.ceG to meaa sea leYel ln '• e Dillion years. ftt.a 

is ldgJa.et- tbafl '·' m111ton ;vear.s reported by subr.-atdan 

( 1978). Some of tbe sutt-•asta tdd.cb are bAVlng htp 

eroslott rate or low olevattoa as the son an4 Goatt 

vould. be rettt1ced betote tbe othttH aa4 beilco, the 
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~ Pipre 5-.Stb Shw lttg increase in -.ato:n rate witb taereasl~ tmaia area ~ 
A= Po11\ts at VariolUJ ,places t:n. tile baaiu; 
De l'otlrts ot 'tributary bast.ne. 
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ae41eoat supply from tbat basin will t)c C\lt off resolt. 

lug • decrease lo erotlloft rate. Tbi& t.s also sabJect 

to I'JO oon'ti Dell tal uplift ib future. 

Gibbs (i,St) reported tll4t 31Ao6 years woald be 

reqrat.rea t-o tlil tbe sllelt reato11 of the Ganga at 

present tlerua4at1on rate. Xt this ls true, then tbe 

whole laod will be flooded witb eoa vator before the 

•tme to re&tco the basin to aea level is roached. 
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CIJAftlm VI 
&- IIU I __ II 

COICLVS1011 _ 

Prom t!t.o preoe41ug dtscuesS.oas, it la co1101u4e4 

that tile Gan&a as:ver water s. • alkall.ne as •at other 

!'1\*ers of t.be worl4.- There is a oo~atrol o:t noll type 

ar.ut reoyoltag ot ooutt tuents. on tile rl ver water chelli• 

at17. fte river water it~ antlenatttl'ated vitb respect 
~· 

to quartz aDd amorpbou• slltoa ad is iu, eqdllbriUUl 

vitb dolomlte, kaoUmte an4 chlorite.. fbe eall-nlty 

aeaeraUy taoreasee dotn,stre,_ but tbere te tt. seneral, 

4ecreaa·e la suspendetl soltd eotJCentratloD ctowutream. 

The kaoliDlte, lllito,olllorlto, dolotdto, oaloltc, 

qual'tz and feldspar ar• tbe doldotuat corsstltuocts ot 

euspeded: eedteeuts. KaoU.fd. te a.mt caloi te are the 

primary cbesoal preotpttatee wldlo tlltte, chlorite, 

dolomt to. quartz and te14epal' are tbe detrital ma:t~nal 

p:reeent t:a tile &aspoft4f)4 aetli•eatth tbe m11k\ra1og of 

auspeaded matter is controlled by rook typo aDd type. 

of wea"beribg p:oceas operatl~~g in catcbmeat u-ea, ·ae 
total m&$$ transfer by the ra:ver te amona top flve 

rtv•re of the wG.rl4 ac4 wt tb t ts present rate ot r.aass 

transfer ( •sa .Ullton me-tJ"to to!ls/yeat) , it woalct require 

abolt t :SOOO yoara to fill tile sbelt reston of the Bay ,of 
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,..... 
De~~&al (Gibbs• 1981).. file Garaga .is eroC;l:· .Ill the coo---
ti.aent at very Jdgb rate (5119.5 100td.c to•~'tyoa;r) 
aud would_ require o.bout 4 IIi llioa years to reduce tho 

bael:ll elevatt.ou to t.Ueaa aea level, p:rovl4e4-tb0re ia 

ao elau1tlcant Obaqe tn continental elevctioll by 

aplttt. 

lt ls quite iateresttq to look tnto the 10113 

term tmpllcatioas ot tbe sodimont enslon, doptH~i tloa 

and. retttstl'lbnticnt :in cyolln.; ot tile rocks. The a:edl· 

mera:&a are col\tilltlouly 4eposlte4 containlag a mt.nure 

of detrital ID4terlalt b1ocllel!Jlcal ad olemlcal .PJ"OfllP1• 

tates and a.tatbtgoDio mt.ooralt:~. ftese eedt.aoat• tmdor-

go 4loseooe1e att-er burial. Abollt ~~of tbta total 

total aass 1s lost during post-llopoe! tloDnl processes 

by solation. At the same tlme. subduoted aDd compaote4 

ae41mot~ta de ra1ee4 aboVe sea le•el, wee.tbel'ed nlld 

oro4ed again to give rise to aew aetllmeDts. 1tle rocks 

wh.ich remaiftt become oJ.do.- ana o14tl" wt.tli ttoe aDd are 

attac11e4 by asents of re•oval an4 41struct1oo. fbe ratio 

o:r various :rock trpes chance tbrougb tlaso because of 

aeleottve refllova.l aod high cycl1fl8 rates ot tllOs-e wbtdl 

are •uao.,ttbl• to 41sso1ution sacb as oanoaate eud 

evaport tos. The averase compoal ttora. of the s.edt~~entur 

rocks in tbo geological pG.f#t bave boen the some as tMt 

obtutrved today (&arrels,aad HaokcJI.uS.te;, 1972) • 
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fbe mass of the poat-Preoaabrtaa aedlaoat ia 

tSOOO X &010 1• w~icb were deposlte11 4UriD& last 600 

allliOD yoars that is tbe BIC tlurtug Vb1o'b thoro bae 

been m etan1f1cant obange 1a the clleraietry ot ooeau 

water. The rate ot deposl tion tor tbts maes would be 

30 s tot• a/Jet# (Ga.t"rela aDd Kackeuzie• 1971)., But 

the preaeut r«te of flux le 950 s 1014 a/1ea~. tb11s, 

today's rates of oroslou beuoe depos1t1oe. are au.cll btgb

er thaD the ave•se rate calculated for ilbe geological 
r• 

past. fbere bas MOll blgb detlo.sl t rates 111 j!ae paet 

aleo. Gregor (1P68) has sbOtfll that .tor tbe TortlBI'J' 

period, tbe eslett ng sedimetlttl!')' mas a corresponds to 

an aDnaal secUmoftt tlux ot at»out SO s to1' qjyear, 

whereas, tile rate ovor Plet.stoce11e nnd: neecnt l$ about 

100 X lOllj .a/yea~-. !hero are t1mt iat.ervale in l1b1.cb 

tbe tbtclnwes ot the & ofllme11ts proaorvoa are ouaeb 

hlgbor t.btU! to otbe~s and tbey are 1nterJd,tete4 111 etratl

sra.play as the period., ot pnlottg sodtmautatlon as GondwnNUh 

But t.t may not be t.,:te. fbia may be .tap11 beeaaao ot 

bitller erostou rates tu those periods. Tbe otber 

.reaeoa may be that tbe sodirJents were 4opost.tea 1D 4®» 

basins aud enough aedtmen·t was accumulate4 t»otore t.b:oy , 

were reeyo1e4 oa tbe lnatr. tile &mall preserv$2. mass tn 

tbe straticrapblo columG may be a portod ot low dogoaltioD 
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or o. period ot bt- aelectlve <lestractioe. 

The transges.elon recorde4 i a tbe .geolo&lcal 

pnst may be ~uat a ref'leetion ot 111gb acowmlatioll 

ot sed.lmeat s or& tile eea :tloot and ooneeqGeUt tratta

grnsioa ot Ute sea. The Bay ot Bell&a.l eti ,present ts 

recolvll\J enol'lntnu,; se41meDt tla aid ts probably prepar-· 

tq tor a traassrestdon ln next sooo years oeto:re a 

liase level erosion is reaebod. 

foe presont study ot tbe geockeml s try of tho 

Gaqa Rlver Basi-c, aPtU!'l tro• aspects ot erosion, 

blgbllgb ts the total se41aeuts and cboeical teaaa 

t.raa&ter, mtaeralog ot the sedia~t llax an4 oberdcal 

'J,atal!ty ot tbe river water. fbae, it 4eale uitb a »Brt 

o:f the geochemiea.l eyole ot se41me-ary roots OS6el'l4-

ttnlly mtle up of ·4ttrorent ele•cmts. Bence, G more 

llltonslve: · study l.ll&f" be usotul ill Uftderetam1q •e 

seochomioal OT<.lle of eleseots 1D. the ee4i$$ntary processes. 
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