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B5&'%5+i(5K5&'(0\N'"% (0% (&*+K%5+(%D)*$#$ (C(,5($+"P52%L(:%$(%$)E2%$ (278B89+%$ ($*,+.8,8$#%$(
,*"$ (0%(,-5,'#"5/*&($*&'()5"/%,,%B%&'(0#2*+),#%$ (0+(262,% ($#08B%&'58"% (%'($*&'(B*08O#%$(5+(

`+>1)'5234/5[27%B5(0%()"8&28)%(0%$(262,%$($*,80%$(%'(08$$*+$(C(,5($+"P52%(0%(,5('%""%L(]K%2(,\#"*$8*&F(
,-5,'#"5/*&( "%08$'"8.+%(,%$(#,#B%&'$(278B89+%$(05&$(,-%$)52%(%'(%&'"%( ,%$(%$)E2%$(B8&#"5,%$L(G%$(
#275&M%$($*&'(5+(2%&'"%(0%(&*B."%+D(262,%$(0%($+"P52%(%'(.8*IM#*278B89+%$L

Dépôt

Diagenèse

Magmatisme

Roches ignées

Tectonique

Métamorphisme

ALTÉRATION

ÉROSION

Climat

BiosphèreCyclage 
continental

Cyclage 
marin

Cyclage 
atmosphérique

SOLIDES DISSOUS
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'"5K%"$ (0% (262,%$(%D*ME&%$ (5+(&8K%5+(2*&/&%&'5,F(B5"8&(%'( 5'B*$)7#"89+%L( G%$ (262,%$($*&'(
,%$ ()"8&28)5+D($+))*"'$ (0%(,5 (K8% ($+"('%""%(%'(2*&08/*&&%&'(,\%&K8"*&&%B%&'(05&$ (,%9+%, (%,,%(
$% (0#K%,*))%L( :-5,'#"5/*&( S*+%(58&$8 (+&( "J,% ( P*&05B%&'5,( 05&$ (2%'( #9+8,8."%( %&'"% ( '%""%(
$*,80%(%'( '%""%(,89+80%()+8$9+%($*&(8&'%&$8'#(2*&08/*&&%(,5("#)5"//*&(0%$ (#,#B%&'$ (%&'"%(
2%$(0%+D("#$%"K*8"$L(

( [8 ( '*+$ ( ,%$( #,#B%&'$ ( *&'( ,%+"( "J,%( 05&$ ( ,%( P*&2/*&&%B%&'( 0%$( 262,%$ ( .8*I
M#*278B89+%$ (0%($+"P52%(%'(B#"8'%&'(0%(),+$(5B),%$ ()"#$%&'5/*&$F(2%(275)8'"%(&% (0*&&%"5(
9+-+&(."%P(5)%"Z+(0% (9+%,9+%$(262,%(M#*278B89+%$ (,8#$(C (,-5,'#"5/*&(%'(5+D9+%,$(8,($%"5 (P58'(
5,,+$8*&(05&$ (,5($+8'% (0% (2% (B5&+$2"8'F(C($5K*8"(,%(45F(>F(G5F(<MF([8 (%'(GL(:%('5.,%5+(lLl(0*&&%(
+&%(80#%(0%$(o+D(2*&/&%&'5+D(0%(9+%,9+%(+&$(0%(2%$(#,#B%&'$(5+D(*2#5&$L(

FLUX DISSOUSFLUX DISSOUSFLUX DISSOUS FLUX SOLIDE

Na
K

Mg
Ca
Si
Fe
Al

Flux riverain   
1012 mol.a-1

Stock 
océaniquea   

1018 mol

τ                
106.a-1

Flux riverain  
1012 mol.a-1

8 647 80 6
1.3 14 10 8
4.5 73 16 9
11.6 14 1.2 12
0.6 0.14 0.2 163
n.d. n.d. n.d. 19
n.d. n.d. n.d. 58

(
>!K!K%%G$%585($%-*%+6-3*B

( :%($*08+B(%$'(+&(2*&$/'+5&'(B5S%+"(0%$(B8&#"5+D(0%(,5 (2"*m'%(gjL~p(0% (,5(B5$$% (0%(
,5 (2"*m'%( '%""%$'"%F( :60%F( lss~iF( 0%$( $#08B%&'$ (%'( 0%$( *2#5&$ (glLk�( p( 0%( ,5 (B5$$% (0%$(
*2#5&$F( 2%( 9+8 ( %&( P58'( ,% ( 25/*&( ,%( ),+$ ( 5.*&05&'iL( 3, ( %$'( $*,+.8,8$# ( ,*"$ ( 0% ( ,-5,'#"5/*&(
2*&/&%&'5,%(*a(8, (%$'( )"8&28)5,%B%&'()*"'# ()5"( ,%$ (#K5)*"8'%$ (%'( ,%$ (B8&#"5+D( $8,825'#$L( :5(
08$$*,+/*&(0%(,5 (75,8'% (%$'( 2*&M"+%&'%F( "5)80%(%'(&%(&#2%$$8'%()5$ (P*"2%B%&'( ,5 ()"#$%&2%(
0-+&% ($*+"2% (0-5280%L(:5 ()5"'(0+(45 (0-*"8M8&%(#K5)*"8/9+% (%$'(%$/B#%(5+(&8K%5+(B*&085, (C(
%&K8"*&( jk( C ( rk( p( 0+( o+D( '*'5, ( 0%( 45 ( %D)*"'#$ ( )5"( ,%$ ( "8K8E"%$( g<%6.%2YF( lsusiL( :5(
08$$*,+/*&(0%($8,825'%$(2*BB%( ,%$ (P%,0$)5'7$(),5M8*2,5$%$ (%$'( )5"( 2*&'"% (8&2*&M"+%&'%(%'(
&#2%$$8'%(+&%($*+"2%(0-5280%(2*BB%(,-5280%(25".*&89+%(*+(+&(5280%(*"M5&89+%(glLlib
(

jg45FG5i],[8AzD(Ñ(jGz%(Ñ(llW%z(IIÖ((jg45&FG5%&i(Ñ(jWGzA
:(Ñ(rWB[8zB(Ñ(],%[8%zEgzWiB(((glLli

( (G%R%("#52/*&(%&'"5n&%(,5 (B8$%(%&($*,+/*&(0%(45(%'(0%(G5(%'(,5 (P*"B5/*&(0%("#$80+$(
$8,825'#$(),+$ ($'5.,%$ (05&$(,%$ ($*,$ (*+(,%($5)"*,8'% (g;5""%,$ (5&0(<52Y%&Q8%F(ls~uiL(G%$("#$80+$(
$*&'(2*&$/'+#$(0-5"M8,%$ (%'(0-*D60%$(7#"8'#$ (*+(&#*P*"B#$ (0*&'( ,5(&5'+"%(K5"8% (%&(P*&2/*&(
0%( 2*&08/*&$ ( )76$82*278B89+%$ ( 05&$ ( ,%$9+%,,%$ ( 8,$ ( $% ( $*&'( P*"B#$L( ]8&$8 ( ,-5,'#"5/*&( 0%(

!8<7'815234/5H,+D(0-#,#B%&'$(B5S%+"$(5))*"'#$(5+D(*2#5&$($*+$(P*"B%(08$$*+'%(%'($*,80%(58&$8(9+%(,5(
9+5&/'#(0%(2%$(#,#B%&'$(2*&'%&+$($*+$(P*"B%(08$$*+'%(05&$(,%$(*2#5&$(52'+%,$(%'( ,%+"( '%B)$(0%(
"#$80%&2%(K8$ICIK8$(0+(o+D(o+K85/,%L(1-5)"E$(,%$(2*B)8,5/*&$(0%(X%"&%"(%'(X%"&%"(glss~i(%'(?B%"$*&(
%'(W%0M%$(gjkk�iF(+&(o+D(0%("8K8E"%$(0%(qLv(lk!@(YML5:!(%'(+&(K*,+B%(*2#5&89+%(0%(lLr(lk%!(YML
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),5M8*2,5$%$ (P*"B%()"8&28)5,%B%&'( 0%( ,5 (Y5*,8&8'% (glLli( B58$(M8..$8'%F( B*&'B*"8,,*&8'%(%'(
75,,*6$8'%( $*&'( #M5,%B%&'( 0#2"8'%$ ( gK*8"( É8,$*&F( jkkr( )*+"( +&%( "%K+%( 0#'58,,#% ( 0%$(
B#25&8$B%$F( K8'%$$%$( %'( )"*0+8'$( 0-5,'#"5/*&( 0%$ ( )"8&28)5+D( B8&#"5+D( )"8B58"%$iL(
:-5,'#"5/*&(0%$ ($8,825'%$(2*&'"8.+% ()*+"( %&K8"*&(jk(p( C(rk(p(0+(45 (08$$*+'L( :% ("%$'%(%$'(
0-*"8M8&%(5&'7"*)89+%()*+"(%&K8"*&(jk(p(%'(0-*"8M8&% (5'B*$)7#"89+%()*+"(,%$ (lk(p("%$'5&'$(
g<%6.%2YF( lsusÇ( X%"&%"( %'( X%"&%"F( lss~Ç( ;58,,5"0%'( %'( 5,LF( lsss5iL( 1-5+'"%$ ($*+"2%$( 0%(
$*08+B( *&'( #'#( B8$%$ ( %&( #K80%&2%F( 2*BB%( ,-#275&M% ( 25/*&89+%( ,*"$ ( 0%( ,-#"*$8*&( %'(
,-5,'#"5/*&(0%($#08B%&'$(B5"8&$("827%$ (%&(5"M8,%$(%'()*"'5&'(0+(45 (#275&M%5.,%(gG%",8&M(%'(
5,LF(ls�si(B58$(C(,\#27%,,%(M,*.5,%(2%$(o+D($%B.,%&'(B8&%+"$(gX%"&%"(%'(5,LF(lsskiL(
(
( ?&(l�ssF(A*7&(A*,6()"*)*$5 (0%(25,2+,%"(,-eM% (0%(,5('%""%(C ()5"/"(0%(,-522+B+,5/*&(0%(
$*08+B(05&$ (,%$ (*2#5&$L(3,(25,2+,5 (9+% ()*+"(%D),89+%"(,5 (2*&2%&'"5/*&(0%(45(*.$%"K#%(05&$(
,%$ (*2#5&$ (5K%2( ,%$ (o+D( 0% (45(0%$("8K8E"%$ (8, (P5,,58'(9+% (,5('%""%(58'F( 5+(B8&8B+BF(�k(C (lkk(
B8,,8*&$(0-5&&#%$L(!,+$ ('5"0F(,%$(B%$+"%$ ("508*B#'"89+%$ (B8"%&'(C(B5,(2%$(eM%$(g)"%B8%"(eM%(
%"F!.}%"@!.(C (rLvv( ;5($+"(B#'#*"8'%$ ()5"( !5R%"$*&( %&(lsv~i( %'( 8B)*$%&'( ,5()"#$%&2%(0%(
)+8'$(0%(45(5O&(0%($'5.8,8$%"( ,5(2*B)*$8/*&(0%$ (*2#5&$ ($+"( 0%(),+$ (M"5&0%$(#27%,,%$(0%(
'%B)$L( :%$( B#25&8$B%$ (9+8 ( 2*&'"%.5,5&2%&'( ,-5))*"'( 0%$ ( "8K8E"%$ ( 0#2"8'$F( *+( $+))*$#$F(
52'+%,,%B%&'($*&'()"8&28)5,%B%&'(g:8K8&M$'*&F(ls~qF(X%"&%"(%'(X%"&%"F(lss~ib

I :%$ (#275&M%$(25/*&89+%$("%IOD5&'(0+(45 ($+"(,%$(5"M8,%$ (0#'"8/9+%$ (B58$(,%$ (o+D($*&'(
B5,(2*&'"58&'$ (%'("%)*$%&'(9+5$8I%D2,+$8K%B%&'($+"( ,%$ (B%$+"%$ (P58'%$()5"([56,%$(5&0(
<5&M%,$0*"P(glsuu(%'(lsusiL((

I :%$ ()%"'%$ (C(,-5'B*$)7E"% ($*+$ (P*"B% (0\5#"*$*,$ (B5"8&$()*+K5&'(N'"% ("%I0#)*$#$ (5+D(
0%$$+$(0%$(2*&/&%&'$(08"%2'%B%&'(*+(08$$*+$(05&$(,%$()"#28)8'5/*&$L

I (:-%&P*+8$$%B%&'(0%(45(05&$(,5()*"*$8'#(0%$($#08B%&'$(B5"8&$L
I (3&'%"52/*&(760"*'7%"B5,%(5K%2( ,%$ (.5$5,'%$ (5+D("80%$(B#08*I*2#5&89+%$ (g%LML(G*MM*&(
%'(5,LF(jklkiL

( G%$(B#25&8$B%$ (&%()%"B%R%&'( 2%)%&05&'( 9+%(0% (2*&'"%.5,5&2%"( %&K8"*&(l}q(0%$(
5))*"'$ (0%(45(08$$*+$ (0%$ ("8K8E"%$ (52'+%,,%$ (gX%"&%"(5&0(X%"&%"F(lss~iL([+"( ,% (,*&M('%"B%(,5(
P*"B5/*&()#"8*089+% (0% (0#)J'$(#K5)*"8/9+%$ ()%"B%R"58%&'( )%+'(N'"% (0% (.*+2,%"( 2%(.8,5&(
B58$ ( ,%$ ( M"5&0$ ( 0#)J'$ ( #K5)*"8/9+%$ ( 0+( !%"B8%&( *+( 0+( A+"5$$89+%}G"#'52# ( &-*&'( )5$(
0-#9+8K5,%&'$ (52'+%,$L( :-#K*,+/*&(0%(,5('%&%+"( 0+(45 (5+(2*+"$ (0+(!75&%"*Q*82( %$'( %&2*"%(
,5"M%B%&'(0#.5R+%(B58$ (8, ($%B.,%"58'(9+%(,5 ($5,8&8'#(58'(o+2'+# (C(,-#27%,,% (0+(!75&%"*Q*89+%(
gW56(%'(5,LF( jkk~i(BNB%($8 (,%("J,% (0+(o+D(0-5,'#"5/*&(2*&/&%&'5, (05&$ (2%$(K5"85/*&$ ("%$'%(
B#2*&&+L(

>!K!W%%G$%585($%-*%06.'++3*B

( :%( )*'5$$8+B( %$'( )"8&28)5,%B%&'( )*"'# ( )5"( ,%$( B8&#"5+D( $8,825'#$( 2*BB%( ,%$(
P%,0$)5'7$()*'5$$89+%$(g*"'7*2,5$%(%'(B82"*2,8&%i(%'(,%$(B825$ (g.8*/'% (%'(B+$2*K8'%i(9+8 ($*&'(
C (,\*"8M8&%(0%(~k( C(sk(p(0+(o+D( 0% (>(08$$*+$ ('"5&$)*"'#()5"( ,%$ ("8K8E"%$ (gX%"&%"(%'(X%"&%"F(
lss~Ç( ;58,,5"0%'( %'( 5,LF( lsss5iL( :-5,'#"5.8,8'#(0%(2%$ (B8&#"5+D( %$'( ),+$ (P58.,%(9+%()*+"( ,%$(
B8&#"5+D( )*"'%+"$ (0%(45 (g%LML( ;*,0827F( lsq�Ç( <800%,.+"M( %'( 5,LF( ls��i( %'( ,%(>( %$'( 0*&2(
)"8&28)5,%B%&'(2*&2%&'"# (05&$ (,%$ ()75$%$ ($*,80%$(gc5.,%5+(lLliL(( :-5,'#"5/*&(0%$ (P%,0$)5'7$(
)*'5$$89+%$ ($+8'(,% (BNB% ('6)%(0%("#52/*&(9+%(,-#9+5/*&(lLlL(!*+"(,%$ ()76,*$8,,825'%$ (2*BB%(
,%$ (.8*/'%$ (,5(P*"B%(,5 (),+$ (#,#B%&'58"% (0-5,'#"5/*&(%$'(,5 (K%"B82+,8/$5/*&(9+8 (2*&$8$'%(%&(
,-#275&M%(0+(>( 8&'%"IP%+8,,58"%()5"( 0%$(25/*&$()"#$%&'$(05&$ (,5($*,+/*&( gÉ5,Y%"F(lsrsiL( :5(
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K%"B82+,8/$5/*&( 0% ( ,5 ( .8*/'% ( %&( B8,8%+( &5'+"%,( $-522*B)5M&%( 0-+&%( 5+MB%&'5/*&( 0%(
,-%$)52% ( 8&'%"IP%+8,,58"%F( 0-+&% (5+MB%&'5/*&( 0%( ,-760"5'5/*&( 0+(B8&#"5, ( 58&$8 (9+%( 0%( ,5(
P*"B5/*&(0-*D60%$ (0%(P%"(gK*8"(É8,$*&F(jkkriL([8 (,%$ (2*&08/*&$(0-5,'#"5/*&$ (0%K8%&&%&'(),+$(
8&'%&$%$ (g'%B)#"5'+"% (*+(,%$$8K5M% (0%$ ($*,$(),+$(#,%K#$iF(.8*/'%(%'(K%"B82+,8'%()%+K%&'(N'"%$(
5,'#"#%$(%&(Y5*,8&8'%(g%LML(?$f5"5&(%'(W%&MF(lsu~i(g"#52/*&(lLjiL

j><MA],[8Az!"(gzWi%(Ñ(lrGz%(Ñ(lvW%z(IIÖ((],%[8%zEgzWiB$$Ñ((j>&(Ñ(~<M%&(Ñ(lrWGzA
:(Ñ(rWB[8zB$$$$$$$$$$$$$$$$$$$$$$$glLji

( <NB%($8 (%,,%(%$'(,8B8'#%F(,5(B8$%(%&($*,+/*&(0+(>(%$'(2%)%&05&'(8B)*"'5&'%()*+"(,%$(
262,%$ (.8*,*M89+%$ (2*&/&%&'5+D(25"(,% (>(%$'(+&(&+'"8B%&'(%$$%&/%,(5+(0#K%,*))%B%&'(0%(,5(
K#M#'5/*&L(G75+07+"8(%'(5,LF(jkku(%$/B%&'F(9+-C (,\#27%,,%('%""%$'"%F(%&'"% (qk(%'(uk(p(0+(>(
08$$*+$ (%D)*"'# ()5"( ,%$("8K8E"%$(5(#'#("%262,# ()5"( ,5(.8*B5$$%L(:%(o+D( 5&&+%, (0%(>( K%"$(,5(
,8/E"%(*"M5&89+% (%$'( #M5,%B%&'( jv(P*8$($+)#"8%+"( 5+(o+D( 0%(>( 08$$*+$ (5B%&#(5+D( *2#5&$F(
B*&'"5&'(58&$8(,%("J,%(B5S%+"(0%(,5(K#M#'5/*&(05&$(,%(262,%(52'+%,(0+(>L(
(
( :%(262,%(0+(>(*2#5&89+%(%$'(0*B8&#()5"(,-5))*"'(0+(>(8$$+(0%(,-5,'#"5/*&(2*&/&%&'5,%F(
08$2+'#%(28I0%$$+$F(%'(0% (,-8&'%"52/*&(C (75+'%('%B)#"5'+"%(0%$ (.5$5,'%$(%'(0%(,-%5+(0% (B%"(
gÉ*,%"6( %'([,%%)F( lsusÇ( ?,0%"O%,0(%'( [27+,'QF( lss~iL( G%)%&05&'( ,-5,'#"5/*&(0%$ (2%$ (BNB%(
.5$5,'%$ (C (),+$(.5$$%('%B)#"5'+"% ()%"B%'( 0% ("%IOD%"(0+(>L(](,-#27%,,%(M,*.5,%F( ,%$ (.5$5,'%$(
*2#5&89+%$ ( "%)"#$%&'%&'( 58&$8 ( ),+'J'( +&( )+8'$ ( 0%( >( gW5"'( %'( ['5+08M%,F( ls�jiL( 1-5+'"%$(
B#25&8$B%$ ( $*&'( 8&K*9+#$( )*+"( #9+8,8."%"( ,% ( 262,%( *2#5&89+%( 0+( >F( )5"B8( ,%$9+%,$(
,-5,'#"5/*&( 8&K%"$%( %$'( ,%( ),+$ ( 08$2+'#( 05&$ ( ,5 ( ,8R#"5'+"%( g%LML( X%"&%"( %'( X%"&%"F( lss~Ç(
?B%"$*&(%'(W%0M%$F(jkk�iL(:%$("#52/*&$(0+('6)%(lLl(%'(lLj(2*&$*BB%&'(0%$(25/*&$ (2*BB%(
,% (>($8 (%,,% ()"*2E0%&'(0%(0"*8'%(C(M5+27%F(8L%L(05&$ (,%($%&$(8&K%"$% (0%(,-5,'#"5/*&L(W%,M%$*&(%'(
<52Y%&Q8%( glsuki( B*&'"%&'( )5"( 25,2+, ('7%"B*06&5B89+%(9+-5+( )W( 0%( ,-%5+( 0%(B%"( ,%$(
5"M8,%$ ("827%$ (%&(<M(%'(>($*&'(,%$(),+$($'5.,%$L(G%(9+8 (8B),89+5&'(9+%(,%$ (5"M8,%$ (565&'()%"0+$(
,%+"( 25/*&$ (2*BB%(,%$ (Y5*,8&8'%$()%+K%&'( "%M5M&%"( 0+(<M(%'( 0+(>( )*+"( P*"B%"( 8,,8'% (*+(
B*&'B*"8,,*&8'%L( 3, ( &-%D8$'% ()5$ (0%( )"%+K%$( C( ,-7%+"% (52'+%,,% (9+% ( ,-5,'#"5/*&( 8&K%"$%( $%(
)"*0+8'(C (,-#27%,,%(M,*.5,%(05&$(,%$ ($#08B%&'$ (B5"8&$L(G%)%&05&'(0%$(#'+0%$(%D)#"8B%&'5,%$(
'%&0%&'( C (B*&'"%"( 9+% (2% ()7#&*BE&%(%$'( +&()+8'$ ()*'%&/%, ( 8B)*"'5&'L(É78'%7*+$%(%'(
<2G5"'%"(glsv�i(*.$%"K%&'(9+%(0%$ (5"M8,%$ ($-%&"8278$$%&'(%&(<M(%'(>(5)"E$(v(5&$(0%(2*&'52'$(
5K%2(+&% (%5+(0%(B%"($6&'7#/9+%L([56,%$ (glsusi(&*'%(+&%()%"'%(0% (>(%'(<M(05&$(,%$ (%5+D(0%(
)*"*$8'#$( 0%( $#08B%&'$ ( B5"8&$L( <8275,*)*+,*$ ( %'( ],,%"( glssvi( K*8%&'( #M5,%B%&'( +&(
%&"8278$$%B%&'(%&(>(%'(<M(0%$ (5"M8,%$(),52#%$(lj(C (q~(B*8$ (05&$ (+&% (2*,*&&%($#08B%&'58"%(
0+(0%,'5(0%(,-]B5Q*&%L( c*+'%P*8$ (,-#'%&0+%(0%(2%$ ("#52/*&$F(%'( ,%$(o+D(9+8(6( $*&'(5$$*28#$F(
"%$'%&'(8&2*&&+$(%'($*&'()*+"'5&'(&#2%$$58"%$()*+"(2*B)"%&0"%(,%(262,%(0+(>L

>!K!a%%G$%585($%-*%5'(53*B%$.%-*%B'4,Y+3*B

% :%(25,28+B(%$'()"8&28)5,%B%&'()*"'# ()5"( ,%$ (25".*&5'%$(g25,28'%(%'(0*,*B8'%i(%'(05&$(
+&% (B*8&0"%()"*)*"/*&()5"( ,%$ ($8,825'%$ (25,289+%$ (2*BB%(,%$(),5M8*2,5$%$L( :%(B5M&#$8+B((
)"*K8%&'( #M5,%B%&'( %&( M"5&0%( )5"/%( 0%( ,-5,'#"5/*&( 0%( ,5 (0*,*B8'% (B58$( %$'( #M5,%B%&'(
)"#$%&'(05&$ ((,%$ ($8,825'%$ (2*BB%(,%$ ()6"*DE&%$F(5B)78.*,%$ (%'(,%$ (B825$L(Ü(,\#27%,,%(M,*.5,%(
,-5,'#"5/*&( 0%$ ( $8,825'%$ (&%( )"*0+8'( 9+-%&K8"*&( lk( C( jk( p( 0+( 25,28+B( %'( jk( C( vk( p( 0+(
B5M&#$8+B(08$$*+$(gX%"&%"(%'(X%"&%"F(lss~Ç(;58,,5"0%'(%'(5,LF(lsss5iL(:%(25,28+B(%$'(,%(25/*&(
,% (),+$ (5.*&05&'(05&$(,%$ (%5+D(0%("8K8E"%$(2%(9+8 ($*+,8M&%(,-8B)*"'5&2%(0% (,-5,'#"5/*&(0%$(
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Durée de vie d’un grain d’albite
- 1 mm de diamètre 
- pH = 4.5
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( ]+([+0(0%(2%,+8I28 ($%($8'+%(,5(275n&%(78B5,56%&&%L(G%,,%I28 (P*"B%(+&(5"2(0-*"8%&'5/*&(
M,*.5,%B%&'(?$'Iz+%$'(g0%(4ÉI[?()*+"( ,5 ()5"/%(z+%$'(C (É[ÉI?4?(05&$ ($5()5"/%(%$'i(9+8(
$-#'%&0($+"(%&K8"*&(jvkk(YB(%&'"%(,%$(B5$$8P$ (0+(45&M5I!5".5'(5+(!5Y8$'5&(%'(0+(45B27%I
X5"f5(%&'"%(3&0%(%'(G78&%L([+"(+&%(,5"M%+"(0-%&K8"*&(jkk(YBF(%,,%("%M"*+)%(,%$ (lr($*BB%'$(
,%$ (),+$ (75+'$ (0%(,5(),5&E'%(9+8 (2+,B8&%&'(C (),+$ (0%(�kkk(B(0-5,/'+0%L(z&()%+'(08K8$%"(2%R%(
275n&%( 0+( 4*"0( 5+( [+0( %&( 9+5'"% (+&8'#$ ( M#*M"5)789+%$( )"8&28)5,%$L( ]+( 4*"0F( ,%( c"5&$I
W8B5,565(P*"B%(+&%(275n&%(0-5,/'+0%(#,%K#% (g~kkk(Bi(B58$ (&-*T"5&'(9+%()%+(0%("%,8%P()5"(
"5))*"'(5+(),5'%5+(c8.#'58&(%&K8"*&&5&'L(^%"$ (,%([+0F(,% (W5+'(W8B5,565 (P*"B%(,%$ ()"8&28)5+D(
"%,8%P$ (%'(,5(,8M&%(0% (2"N'%(0%(,5 (275n&%L(]K%2(+&%(5,/'+0%(B*6%&&% ($+)#"8%+"%(C (~kkk(B(%'(
0%$("%,8%P$ (0#)5$$5&'(,%$ (vkkk(B(%&'"%(P*&0$(0%(K5,,#%$ (%'($*BB%'$ (50S52%&'$F(2-%$'(,-+&8'# (,5(
),+$(B5"9+#%(0% (,5 (275n&%L(^8%&$ (%&$+8'% (,% (<*6%&(!56$F(0-%D'%&$8*&(4*"0I[+0('"E$(K5"85.,%(
gvk(C (lkk(YBiF(5K%2(+&% (5,/'+0%(B*6%&&%(0% (qkkk(B(%'(+&("%,8%P(),+$ (P58.,% (9+% (,%(W5+'(
W8B5,565L(?&O&(,5()5"/%([+0(0% (,5(275n&%F(,%([+.(W8B5,565F(2*BB%&2%(08"%2'%B%&'(5+(4*"0(
0%( ,5 (),58&%( 3&0*I;5&M#/9+%L( ?,,% (%$'( B5"9+#%()5"( 0%$ (2758&*&$()5"5,,E,%$ (C( ,-5D%( 0% (,5(
275n&%(0-5,/'+0%(B*6%&&%(%&'"%(lkkk(%'(jkkk(B(%'()*$$E0%(+&("%,8%P(B5"9+#L
(
( :5 (275n&%(78B5,56%&&%(%$'(.*"0#%(5+([+0()5"( ,5(),58&%(3&0*I;5&M#/9+% (0-5,/'+0%(
8&P#"8%+"% (C(qkk(B(%'(0%('"E$ (P58.,% ("%,8%PL(](,-z+%$'F(,5 (),58&%($-#'%&0($+"(jkk(C (jvk(YB(K%"$ (,%(
[+0(S+$9+-C (K%&8"(.+'%"($+"(,%$ (P58.,%$ ("%,8%P$ (0% (,5(275n&% (0+(^8&0765&F([5')+"5$(%'(0%$ ('"5)$(
0+(1%225&L( ]( ,-%$'F( %&(]$$5B( g3&0%i( ,5 (),58&%(%$'(.%5+2*+)(),+$ (#'"*8'% (gç(lkk( YBi( %'( %$'(
.*"0#%()5"(,%(),5'%5+(0%([78,,*&M(2+,B8&5&'(C()"E$(0%(lkkk(B(0-5,/'+0%L
(
( :%($6$'EB%(78B5,56%&('%, (9+% (&*+$ (,%(2*&$80#"*&$(05&$ (2%R%(#'+0%F($%()"*,*&M%(5+(
[+0(0+(0%,'5 (0+(X5&M,50%$7F(05&$ (,5 (.58%(0+(X%&M5,% (%'($%()*+"$+8'(5+([+0()5"(+&($6$'EB%(
0%(2*+"5&'$('+".808/9+%$ (9+8 ($-#'%&0%&'(S+$9+\5+([+0(0%(,-#9+5'%+"(C (),+$ (0% (jkkk(YB(0%$(
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>>!K!W%/(3B'.

( G*BB%(2%,5 (5(#'#(#K*9+#(05&$(,% (275)8'"%(3F(,% (2,8B5'(S*+%(+&("J,% (P*&05B%&'5, (05&$(
,%$ ()"*2%$$+$(0%($+"P52%(%'(05&$ (,\#"*$8*&(%'(,-5,'#"5/*&(0%$ ($#08B%&'$ ('*+'()5"/2+,8E"%B%&'L(
:%( 2,8B5'( 0+( $6$'EB%( 78B5,56%&( %$'( )"8&28)5,%B%&'( B5"9+#( )5"( 0%+D( )7#&*BE&%$( 9+8(
5T%2'%&'( ,5 (08$'"8.+/*&(%'( ,5 ($58$*&&5,8'# (0%$ ()"#28)8'5/*&$b(,%$(%T%'$ (0% (,5 (B*+$$*&(%'(,%$(
%T%'$(*"*M"5)789+%$L

* * ?1(++1#

( :5 (B*+$$*&( 3&08%&&% (*+( [+0I]$85/9+%(%$'( 0*B8&#%( )5"( +&( 262,%( $58$*&&8%"( '"E$(
B5"9+#( 5K%2( 0%$( 78K%"$ ( "%,5/K%B%&'( $%2$ ( %'( 0%$ ( #'#$( ),+K8%+D( gH8M+"%( 33LjiL( X8%&( 9+%(
,*&M+%B%&'(0#.5R+%F(,5 (25+$% (0+($6$'EB%(0%(B*+$$*&(%$'(5R"8.+#%(5+(0#),52%B%&'(0%(,5(
Q*&%(0%( 2*&K%"M%&2%( 8&'%"'"*)825,% (g3Gc`i( g;50M8,F( jkkqiL( G%R%( Q*&%( 0#)"%$$8*&&58"%( %$'(
P*"B#%()5"( ,5 (2*&K%"M%&2%(%'( ,-#,#K5/*&(0%$ (B5$$%$ (0-58"(275+0$ (%'(7+B80%$ (P*"B#%$ ($*+$(
,%$ ('"*)89+%$ (%'( %&'"58&#%$ ()5"( ,%$ (5,8Q#$L( G%28 ()%"B%'( ,5( P*"B5/*&(0% (M"5&0$ ($6$'EB%$(
2*&K%2/P$ (5$$*28#$ (C (0%(P*"'%$ ()"#28)8'5/*&$ (%'(P*"B%(,5 (."5&27%(5$2%&05&'%(0%$ (2%,,+,%$ (0%(
W50,%6L(?&(78K%"F( ,-3Gc`(%$'($8'+# (5))"*D8B5/K%B%&'(5+(0%$$+$(0%(,-#9+5'%+"(5K%2(0%$ (K%&'$(
05&$(,%()5"/%(.5$$%(0%(,5 ('"*)*$)7E"% (M,*.5,%B%&'( *"8%&'#$ (K%"$(,%([I[?( 5+(0%$$+$ (0%(,5(
),58&%(3&0*I;5&M#/9+%L(:5(B*+$$*&(B5"9+% (,%(0#),52%B%&'(0%(,-3Gc`(K%"$ (,% (4*"0L(G%(9+8(
%&'"5n&%(,5 (P*"B5/*&(0%$(2%,,+,%$ (0% (W50,%6( 08$$6B#'"89+%$ (5K%2(+&%(."5&27%(5$2%&05&'%(
0#),52#%(K%"$ (,%(B5D8B+B(0-8&$*,5/*&(5+(0%$$+$(0%(,-7#B8$)7E"%(4*"0(%'(+&('"5&$)*"'(0%$(
B5$$%$ (0-58"( %&(5,/'+0%F( '"5&$I#9+5'*"85,F( K%"$ (,% ([+0(gÉ%.$'%"( %'( 5,LF( lss�i(5,*"$ (9+%(,%$(
K%&'$(05&$(,5 (.5$$%('"*)*$)7E"%($*&'(4F(4ÉL(G%$(K%&'$ ()%"B%R%&'( ,% ('"5&$)*"'(0%(M"5&0$(
$6$'EB%$ (2*&K%2/P$( P*"B#$( $+"( ,5 (X58% (0+(X%&M5,% (K%"$ (,%(4*"0( %'( 0*&&% (&58$$5&2%(5+D(
8&'%&$%$()"#28)8'5/*&$(9+8(B5"9+%&'(,5(B*+$$*&([+0I]$85/9+%L

( :%("J,%(0+(),5'%5+(c8.#'58&(05&$ (,5 (B*+$$*&(]$85/9+%("%$'%(B5, (2*B)"8$(B58$ ($+$28'%(
+&(M"5&0(8&'#"N'(05&$ (,%(250"%(0%$(8&'%"52/*&$ (08"%2'%$ (%&'"% ('%2'*&89+%(%'(2,8B5'(g$% ("#P#"%"(
C (<*,&5"(%'(5,LF(jklk()*+"(+&%("%K+%(0#'58,,#%iL(=&% (76)*'7E$%($%"58'(9+% (,5(P*"'%(8&$*,5/*&(
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jklki( %'( 28"2+,5/*&( 5'B*$)7#"89+%( 0*B8&5&'%( C( ,-52'+%,( goE27%$( .,%+%$iL( :%$( ,8M&%$( )*8&/,,#%$(
B5"9+%&'(,%$(05'%$(0-5K5&2#$(0%(,5(B*+$$*&(3&08%&&%(K%"$(,%(4*"0(z+%$'(g0-5)"E$(X**Y75M%&(%'(5,LF(
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"%Z+%( )5"( ,%( ),5'%5+( c8.#'58&( %&'"5n&% ( ,5( P*"B5/*&( 0-8&$'5.8,8'#$( 9+8 ( %&M%&0"% ( +&( P*"'(
2*+"5&'( 5$2%&$8*&&%,L( G%,+8I28 ( %&M%&0"%( ,5 ( P*"B5/*&( 0% ( $6$'EB%$ ( 0#)"%$$8*&&58"%$ ( 5+(
0%$$+$ (0+(c8.%'(9+8 (P5K*"8$%&'( ,-%&'"#%(0%(B5$$%$ (0-58"( 275+0$(%'(7+B80%$ (5+(0%$$+$ (0% (,5(
),58&%( 3&0*I;5&M#/9+%( g%LML( d%( %'( É+F( lss�iL( 1-5+'"%$ (76)*'7E$%$ (#K*9+%&'( ,%( "J,%( 0%(
,-5,/'+0% (0+(),5'%5+(c8.#'58&(%'(0%(,5 (275n&%(78B5,56%&&%L(:5 ('*)*M"5)78% ($%"58'(%&(B%$+"%(
0%( .,*9+%"( ,%$( %&'"#%$ (0-58"( %D'"5I'"*)825,%$ ( P"*80%$( %'( $E27%$( %&( )"*K%&5&2%( 0+( 4*"0F(
%B)N275&'( 58&$8 (0%("%P"*808"( ,%$ (Q*&%$ (8&'%"I'"*)825,%(5+(0%$$+$ (0+(2*&/&%&'( 3&08%&(g%LML(
!"8K%( %'( !,+B.F( jkkuiL( :-8&'%&$8O25/*&( 0%( ,5 (B*+$$*&( $+MM#"#%( 8,( 6( 5 ( %&K8"*&( �( <5 (5(
,*&M'%B)$ (#'# ("%,8#% (C (,-#,#K5/*&(0+(),5'%5+(c8.#'58&(g%LML(<*,&5"(%'(5,LF(lssqi(BNB%($8 (2%(
,8%&(5))5"5n'(),+$(8&2%"'58&(5+(K+(0%$(0*&&#%$(),+$("#2%&'%$(gK*8"(<*,&5"(%'(5,LF(jklkiL

* * @/1A/$23&)

( :5 ("#)5"//*&(0%$()"#28)8'5/*&$ ($+"(,% ($6$'EB%(78B5,56%&(%$'(P*"'%B%&'(,8#%(5+("%,8%P(
0%(,5 (275n&% (78B5,56%&&%L(Ü(,5 ("%&2*&'"%(0+(P"*&'(0%(,5(275n&%F( ,%$ ()5"2%,,%$ (0-58"(7+B80%$(
%&'"5&'(K%"$(,% (4*"0($*&'(2*&'"58&'%$ (0% ($-#,%K%"L(:5 (0#2*B)"%$$8*&(5085.5/9+% (9+8($-%&($+8'(
P58'(27+'%"(,5('%B)#"5'+"%(0%(,5 ()5"2%,,% (9+8 ()%+'(5,*"$ ()5$$%"(%&(0%$$*+$ (0+()*8&'(0% ("*$#L(
G%28(%&'"5n&%(+&(%T%'(*"*M"5)789+%(5K%2(0%$ ()"#28)8'5/*&$ (8B)*"'5&'%$ ($+"( ,%$ ("%,8%P$L(G-%$'(
58&$8 (9+%( ,5 (275n&% (78B5,56%&&%(%$'( '"E$ (5""*$#%( $+"( $*&(o5&2( [+0( 5,*"$(9+% (,%( ),5'%5+(
c8.#'58&(&%("%Z*8'(9+%('"E$()%+(0%()"#28)8'5/*&$F(,%$ ()5"2%,,%$ (0-58"()5$$5&'(,5 (275n&%($-#'5&'(
0#SC(2*&$80#"5.,%B%&'(5))5+K"8%$(%&(7+B808'#(gH8M+"%(33LqiL(((

( :%( $6$'EB%( 78B5,56%&( %$'( 0*&2( B5"9+#( )5"( 0%$ ( 2*&'"5$'%$ ( 2,8B5/9+%$ ( 0-*"0"%(
$58$*&&8%"$ (%'( M#*M"5)789+%$L( :-%$'( 0%( ,5 (),58&% ( 3&0*I;5&M#/9+%( "%Z*8'( %&( B*6%&&% ($+"(
,-5&&#%(9+5'"%(C(7+8'(P*8$ (),+$ (0%()"#28)8'5/*&$ (9+%(,-z+%$'(gkLv(I(l(B}5&(C (,-z+%$'(C(j(I(r(B}
5&(C (,-%$'iL( [+"( ,5 (275n&% (,%$ ()"#28)8'5/*&$($*&'( P*"'%$ (gl( C (Ör(B}5&i(5K%2( 0%$ (Q*&%$ ('"E$(
),+K8%+$%$(2*BB%(,% (4#)5, (2%&'"5,F( ,-z+%$'(0+(X7*+'5&(*+(,5 ($6&'5D% (%$'(g),+$(0%(v(B}5&iL(
!"E$(0%(uk(C(�k(p(0%(2%$()"#28)8'5/*&$ ('*B.%&'()%&05&'( ,5(B*+$$*&(0%(S+8&(C ($%)'%B."%(
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g]&0%"$ (%'(5,LF(jkk~Ç(X**Y75M%&(%'(X+".5&YF(jkk~Ç(X7*fB8Y(%'(15$F(jkkuÇ( (327865&5M8(%'(5,LF(
jkkuÇ(>"8$7&5B+"'76(%'([7+Y,5F(jkkuiL(

>>!K!a%N8-)6(643$

* * B,+)$(*3"-/1A/$23&'()

( :-%&$%B.,%(0+($6$'EB%(78B5,56%&(%$'(0"58&#()5"(),+$8%+"$ (M"5&0$ (o%+K%$b(,%(),5'%5+(
c8.#'58&(%$'(0"58&#(5+(4*"0Iz+%$'()5"(,-]B+(15"85F(%'(,% (!5B8"('*+'(0%+D(%&0*"%à9+%$F(C (,-%$'(
)5"(,%(H,%+K%(A5+&% (%'(,% (d5&M'Q%(9+8 ($% (S%R%&'(05&$ (,5 (B%"(0%(G78&%(*"8%&'5,%(%'(5+([+0I?$'(
)5"( ,% (<#Y*&MF( ,5 ([5,f%%&(%'( ,-3""5f5006( $%(S%'5&'(05&$(,5 (B%"(0%(G78&% (0+([+0(%'( ,5 (B%"(
0-]&05B5&L( :% (o5&2( [+0( 0% (,5 (275n&%(78B5,56%&&%(%$'( 0"58&#()5"( ,-3&0+$ ($% (0#K%"$5&'( C(
,-z+%$'(05&$(,5 (B%"(0-]"5.8%(5,*"$ (9+%(,% (;5&M%$ (%'(,%(X"57B5)*+'"%(0"58&%&'('*+'% (,5()5"/%(
2%&'"5,% (0+(o5&2([+0(78B5,56%&F( ,5 (),58&% (3&0*I;5&M#/9+%(%'($%(0#K%"$%&'(05&$ (,5 (.58%(0+(
X%&M5,%(gH8M+"%(33LliL(

( :%(.5$$8&(0+(;5&M%$ (2*+K"%(%&K8"*&(lLk~(B8,,8*&$ (0%(YB%( g@5*F(lsusiL( :% (;5&M%$F(
)"%&0($5($*+"2%(5+(&8K%5+(0+(M,528%"(0%(;5&M*'"8F(05&$(,-#'5'(0-=R5"Y5Y75&0(%&(3&0%(*a(8,(
2*+,%($*+$ (,% (&*B(0%(X75M8"5'78L(:5 (2*&o+%&2% (%&'"%(,5 (X75M8"5'78 (%'(,-],5Y&5&05(B5"9+%(,%(
0#.+'(0+(;5&M%$(+$,+*%+.)35.6?%9+8 (9+8R%(,5(275n&%(78B5,56%&&% (5+(&8K%5+(0-W5"80f5"L(!5"(,5(
$+8'% (,%(;5&M%$()5"2*+"'(),+$(0%(lvkk( YB(C('"5K%"$ (,5(),58&%(3&0*I;5&M#/9+%(%'("%Z*8'(0%(
&*B."%+D( '"8.+'58"%$ (S+$9+-C ($5 ("%&2*&'"% (5K%2( ,% (X"57B5)*+'"%(5+( X5&M,50%$7(*a( 8, (%$'(
5))%,#(!50B5L(:%$ ()"8&28)5+D('"8.+'58"%$(78B5,56%&$ ($*&'( ,5 (d5B+&5(C (,-z+%$'(58&$8 (9+%(,%$(
"8K8E"%$ ()"*K%&5&'(0+(4#)5, (b( >5"&5,8 (g0%K%&5&'(;75M75"5(%&(3&0%iF( ,5 (45"565&8 (g0%K%&5&'(
;5&05Y(%&(3&0%i(%'(,5(>*$8L(z+'"%(2%$("8K8E"%$ (78B5,56%&&%$F(,% (;5&M%$ ("%Z*8'(#M5,%B%&'(+&%(
)5"/%(0%( $*&( o+D( 0%$ ("8K8E"%$ (0"58&5&'( ,% (2"5'*&( 3&08%&( 5+([+0F( 2*BB%(,5 (G75B.5, (+&(
5é+%&'(0% (,5 (d5B+&5(%'(),+$ (%&(5K5,(,5([*&L(:%(;5&M%$ (0#K%,*))%($*&(.5$$8& ($+"(+&% (,5"M%(
),58&%(5,,+K85,%(9+8 (*22+)%(),+$(0%(vk(p(0% (,5($+"P52% (0+(.5$$8&L(:%$ ()%&'%$ (0%$ ("8K8E"%$ ($*&'(
"%,5/K%B%&'(P58.,%$(gl(C(rtlk:B$F([8&M7(%'(5,LF(jkkui(%'(,% (2*+"$ (0+(;5&M% (B5S*"8'58"%B%&'(0%(
'6)%(B#5&0"8P*"B%L(
( :%(.5$$8&( 0+(X"57B5)*+'"%(2*+K"%(+&% ($+)%"O28%(0-%&K8"*&( kLv�(B8,,8*&$ (0%(YB%(
g@5*F(lsusi(%'F(C (,5(08T#"%&2%(0+(;5&M%$F(0"58&% (,%(4*"0(%'(,%([+0(0%(,5 (275n&%(78B5,56%&&%L(
3, ()"%&0($5 ($*+"2% ($+"(,% (),5'%5+(c8.#'58&F(5+(<*&'(>58,5$7(C($%+,%B%&'(jkk(YB((5+(4*"0I?$'(
0%$($*+"2%$(0+(;5&M%$(%'(%$'(5))%,#(d5",+&MIc$5&M)*L(])"E$ (+&(2*+"$(?$'Iz+%$'(0-%&K8"*&(
lrkk(YB(,%(,*&M(0%(,5 ($+'+"%(0%(,-3&0+$ (c$5&)*(5+(4*"0(0%(,5 (275n&%(78B5,56%&&%F(8, (P"5&278'(
2%R% (0%"&8E"% (5+(&8K%5+(0+(B5$$8P( 0% (45B27%IX5"f5(%'( )"%&0( ,% (&*B(0%([85&ML( G%,+8I28(
#B%"M%(0%(,5(275n&%(%&(]$$5B(g3&0%i(C(,-%$'(0%(,-3&0%(%'( )5"2*+"$(%&K8"*&(skk( YB(05&$ (,5(
),58&%( 3&0*I;5&M#/9+% ( *a( 8,( )"%&0( ,%( &*B( 0%( X"57B5)*+'"%( %&( 3&0%( )+8$( A5B+&5( 5+(
X5&M,50%$7L(:% (,*&M(0%($*&()5"2*+"$F(8, ("%Z*8'(0%$ (5))*"'$ (78B5,56%&$ ($8M&8O25/P$(b( 0-%$'(%&(
z+%$'(,5([+.5&$8"8 (%&(]$$5BF(,%(<5&5$()"*K%&5&'(0+(X*+'75&(58&$8 (9+%(,5(c8$'5 ()"*K%&5&'(0+(
[8YY8B( g3&0%iL( 1-5+'"%$( 5))*"'$( 0% (,5( '%"B8&58$*&(%$'F( 0%( ,5( 275n&%( 3&0*IX"8B5&%( *+( 0+(
),5'%5+D(0%([78,,*&M(5+([+0(2*&'"8.+%&'(#M5,%B%&'( 5+(o+D(0+(X"57B5)*+'"%L( :5()%&'%(0+(
X"57B5)*+'"%(%$'(0+(BNB%(*"0"%(9+%(2%,,% (0+(;5&M%$ (B58$ (,5 (),58&%(5,,+K85,%(&%("%)"#$%&'%(
9+% (qk(p(0% (,5 ($+"P52% (0+(.5$$8&L([5(B*")7*,*M8%(%$'(25"52'#"8$/9+%(0%$ ("8K8E"%$(%&('"%$$%(
"%o#'5&'( ,% ( )%+( 0-%$)52%( 0% ( ),58&% ( 08$)*&8.,%( 58&$8 ( 9+%( ,%$( o+D( $#08B%&'58"%$ ( ),+$(
8B)*"'5&'$L
( :5 (2*&o+%&2%(0+(;5&M%$ (%'(0+(X"57B5)*+'"%(5+(X5&M,50%$7(0*&&%(&58$$5&2% (C (,5(
!50B5 (5))%,#(:*f%"(<%M7&5(),+$ (%&(5K5,L(G%(o%+K%(B5S%+"($%(SE'%(5,*"$ (05&$ (,-*2#5&(3&08%&(
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5+(&8K%5+(0% (,5(X58%(0+(X%&M5, (5+('"5K%"$ (0-+&(,5"M%(%$'+58"%L(Ü(%&K8"*&(lkk(YB(0%(,\*2#5&(,5(
:*f%"(<%M7&5(%&M%&0"%(0%(&*B."%+$%$ (08é+%&2%$ (P*"B5&'( +&( ,5"M%(%$'+58"%(*22+)5&'(
),+$(0%(jkk(YB(0%(2J'%$L(

* !,C&.+*).*9(D*

( :-760"*M"5BB%( 0+( ;5&M%( %'( 0+( X"57B5)*+'"%( %$'( P*"'%B%&'( 8&o+%&2# ( )5"( ,5(
B*+$$*&F( 3!$!% ,% (0#.8'( )%&05&'( ,%$ (B*8$ (0% (S+8&(C($%)'%B."% (%$'( +&(*"0"%(0%(M"5&0%+"(5+(
0%$$+$ (0+(0#.8'(C (,-#/5M%(%'()%"B%'(,%('"5&$)*"'(0-%&K8"*&(sk(p(0+(o+D(5&&+%, (g@[!F(lss~i(
gH8M+"%(33LriL

( :%$()"%B8E"%$ (%$/B5/*&$(0%( 0#.8'( 05&$( ,5 ("#M8*&( $*&'( ,-*%+K"%(0+(<5S*"( A5B%$(
@%&&%,, (glu�li(9+8 (B%$+"5 (,% (0#.8'(0+(;5&M%$ ()%&05&'( ,5(B*+$$*&(C(lvkkk(BAL$:!L(=&(0%B8(
$8E2,%( ),+$( '5"0F( ?K%"%$'( gl�qji( %&'"%)"8'( 0% ( 0*2+B%&'%"( ,5( K5"85.8,8'# ( 0+( '"5&$)*"'(
$#08B%&'58"%(%'(0+(0#.8'(%'()"*)*$5(+&(0#.8'(B*6%&(0%(l�qkk(BAL$:!L$1%)+8$F(05&$ (,% (250"%(
0%()"*M"5BB%$ (8&'%"&5/*&5+DF(0%(&*B."%+$%$ (B%$+"%$(*&'()%"B8$ (0%($+8K"%(%'(0\5w&%"(,%(
0#.8'(0%(2%$ (0%+D(o%+K%$($+"(),+$8%+"$(5&&#%$L( :%$ ("%,%K#%$(760"*,*M89+%$ (0%(&8K%5+(0-%5+(
$*&'( '*+S*+"$(%T%2'+#$(v( P*8$ ()5"( S*+"$ ()%&05&'( ,%$()#"8*0%$(0%(B*+$$*&()5"( ,%$($%"K82%$(
760"*,*M89+%$ (0+(X5&M,50%$7(gHHÉG(%'(XÉ1Xi(2%(9+8 ()%"B%'(0% ("%B*&'%"( 5+D( 0#.8'$ ($8 (,5(
P*"B% (0% (,5($%2/*&(0+( o%+K%(5+()*8&'( 0%(B%$+"%(%$'( 2*&&+%L( :% (0#.8'( ,89+80%('*'5, (0+(
X"57B5)*+'"%()*+"(,5($'5/*&(0%(X5750+"5.50(5+(X5&M,50%$7(5 (#'#(%$/B#(C (~sk(YBAL5&:!(%'(
2%,+8 (0+(;5&M%(C(q�k( YBAL5&:!$%&(5B*&'( 0+(.5""5M%(0%(H5"5YY5 (%&(3&0%(g;@1GF(lss~iL( :%(
B*0+,%( B*6%&( 0+( X"57B5)*+'"%( %'( 0+( ;5&M%$( %$'( 0*&2( 0% ( jj( kkk( %'( lj( kkk( BAL$:!$

"%$)%2/K%B%&'L(G%,5 ($%('"50+8'()5"(+&(#2*+,%B%&'($)#28O9+%($+"(,% (.5$$8&(0+(X"57B5)*+'"%(
0-%&K8"*&(lLj(BL5&:!( 5,*"$ (9+% (2%,+8 (0+(;5&M%$ (&-%$'(9+% (0%(kLq~(BL5&:!( g$5&$ ()"%&0"% (%&(

`+>1)'5 223P/5W60"*M"5BB%(B*6%&( 0+( ;5&M%(%'( 0+(X"57B5)*+'"%(5+( X5&M,50%$7( )*+"( ,5()#"8*0%(
lssuIjkkv(g$'5/*&$(W5"08&M(X"80M%()*+"(,%(;5&M%(%'(X5750+"5.50()*+"(,%(X"57B5)*+'"%F(0*&&#%$(
760"*,*M89+%$( É]@!z( X5&M,50%$7iL( :%( 0#)75$5M%( '%B)*"%,( %&'"%( ;5&M%$( %'( X"57B5)*+'"%(
B5"9+%(,-5""8K#%(),+$()"#2*2%(0%(,5(B*+$$*&($+"(,-%$'(0%(,5(275n&%L
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2*B)'%(,-#K5)*'"5&$)8"5/*&i(%&(522*"0(5K%2(,%("#M8B% (0%()"#28)8'5/*&$(),+$ (#,%K#%$ (C(,-%$'(
g2LPL(33LlLjiL

( :%$ (o+D(0%(B5/E"% (%&($+$)%&$8*&($*&'(),+$ (08w28,%$(C(0#'%"B8&%"(0+(P58'(0%(,5(P*"'%(
K5"85.8,8'#(0% (2*&2%&'"5/*&(5+(2*+"$(0+('%B)$ (%'(05&$(,5(2*,*&&%(0-%5+L(?K%"%$'(gl�qji()"8$(
%&(2*B)'%(2%$(K5"85/*&$(5+()"%B8%"(*"0"% (%'(%$/B5 (9+%(,% (;5&M%(%D)*"'% (%&(B*6%&&%(~lq(
B8,,8*&$(0%('*&&%$ (0%($#08B%&'$ ()5"(5&L(1%)+8$ (0%(&*B."%+$%$ (%$/B5/*&$(*&'(#'# ("#5,8$#%$(
%'($*&'(0+(BNB%(*"0"%(0%(M"5&0%+"(9+%(2%,,%(0-?K%"%$'(gl�qji(gc5.,%5+(33LliL

Study
Mean sediment flux (Mt/yr)Mean sediment flux (Mt/yr)

PeriodStudy
Ganga Brahmaputra

Period

Coleman, 1969 480 610 1958-1962

BWDB, 1972 448 507 1967-1969

MPO, 1987 210 390

FEC, 1989 340 430

CBJET, 1991 200 500 1965-1988

Hossain, 1992 480 715 1962-1992

RSP, 1996 548 590 1966-1970

G%$ (%$/B5/*&$ (K5"8%&'( 0-%&K8"*&( +&( P52'%+"( j( 0-+&%( #'+0%( C ( ,-5+'"%L( ?,,%$ ( "%oE'%&'( ,%$(
08w2+,'#$ (C(2*B)5"%"(,%$ (08T#"%&'%$(B#'7*0%$(%'(,%$ (P*"'%$ (K5"85/*&$ (8&'%"I5&&+%,,%$L([+"(,5(
.5$% (0-+&% ($8B),%(B*6%&&%(0%(2%$ (%$/B5/*&$F(,%(o+D(B*6%&(0% ($#08B%&'$(%D)*"'#$ ()5"(,%(
X"57B5)*+'"%(%$'(0%(,-*"0"% (0%(vqk(B8,,8*&(0%('*&&%$ ()5"(5&(%'(0%(qsk(B8,,8*&(0% ('*&&%$()5"(
5&()*+"(,% (;5&M%L(G%$(#'+0%$(B*&'"%&'(9+-%&K8"*&(sk(p(0%(2%(o+D(%$'(%D)*"'# ()%&05&'(,%$(r(
B*8$ (0%(B*+$$*&L(:%$(o+D($%('"50+8$%&'()5"(0%$ ('5+D(0\#"*$8*&(C(,\#27%,,% (0+(.5$$8&(0%(slk(
'}YBj( )*+"( ,%( X"57B5)*+'"% ( %'( 0%( qsk( '}YBj( )*+"( ,%( ;5&M%L( G%)%&05&'( 2%$( '5+D( &%(
)"%&&%&'()5$ (%&(2*B)'%(,%$ (P*"'%$(7#'#"*M#&#8'#$ (%&'"% (,5(),58&%(%'( ,5 (275n&% (58&$8 (9+%(,%(
o+D(0%($#08B%&'$ ($+$2%)/.,% (0\N'"% ($'*2Y#(05&$(,5 (),58&%L(:%(;5&M%IX"57B5)*+'"%(%$'(58&$8(
,%(),+$(M"*$($6$'EB%(o+K85/,%(%&('%"B%$(0-%D)*"'(0%($#08B%&'$(5K%2(%&K8"*&(skk(<'}5&L(

!8<7'8152234/5!"8&28)5+D('"5K5+D(%$/B5&'(,%$(o+D( 5&&+%,$(0+(;5&M%(%'( 0+(X"57B5)*+'"%(58&$8( 9+%(
,%$()#"8*0%$(#'+08#%$(,*"$9+-%,,%$($*&'($)#28O#%$L
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$ ''(%$$O1*0*;9-$H?$767,Q=-$<9=3036-+

>>!W!K%G'%5#'i,$%#3B'('8$,,$

( :5 (G75n&%(78B5,56%&&%(%$'( ,% ("#$+,'5'(0%(,5(2*,,8$8*&(%&'"%(,5 (),59+%(3&08%&&%(%'( ,5(
),59+%(?+"5$85/9+%(8, (6( 5(%&K8"*&(vv(<5(g!5'"85'(%'(]27527%F(ls�riL(G%R%(2*&K%"M%&2%(9+8(
2*&/&+%(52'+%,,%B%&'(5+("6'7B%(0%(q~(C(q�(BB(0%("522*+"28$$%B%&'()5"(5&(gÉ5&M(%'(5,LF(
jkkliF( $'"+2'+"% (,5 (275n&%(78B5,56%&&%($*+$(,5 (P*"B% (0-+&(5"2(0%(2%"2,%(M,*.5,%B%&'(%$'I
z+%$'F( ,5 (),59+%( 3&08%&&%( K%&5&'( 8&0%&'%"( ,5 (),59+%( %+"5$85/9+%( g!%,'Q%"( %'( c5))*&8%"F(
ls��iL(:%$ (+&8'#$(,8'7*,*M89+%$ (%'( $'"+2'+"5,%$ ($+8K%&'(2%R%($'"+2'+"%(%'($*&'($+.I)5"5,,E,%$(
05&$(,5 ()5"/% (2%&'"5,% (0%(,5 (275n&%(BNB%($8 (,%$('%"B8&58$*&$ (?$'(%'(z+%$'(*&'(+&%($'"+2'+"%(
),+$( 2*B),%D% ( gH8M+"%( 33L~iL( :5 ( ."EK% ( 0%$2"8)/*&( 0%( ,5( M#*,*M8%( 78B5,56%&&%( %$'(
)"8&28)5,%B%&'(8$$+%(0%$('"5K5+D(0%(:%(H*"'(5+(4%)5,(2%&'"5, (g:%H*"'F(lsuvÇ(ls�siL(:%$(+&8'#$(
,8'7*,*M89+%$( 78B5,56%&&%$ ( $*&'( 0#,8B8'#%$ (5+(4*"0( %'( 5+( [+0( )5"( 0% (M"5&0$ (52280%&'$(
'%2'*&89+%$ ( 2*&&%2'#$( %&( )"*P*&0%+"( %'( 9+8 ( *&'( )%"B8$ ( 0-522*BB*0%"( ,5 ( 0#P*"B5/*&(
M#&#"#%()5"(,5(2*,,8$8*&(gH8M+"%(33Lvib

å ]+(4*"0(0%(,5(275n&% (*&('"*+K%(,%$ (+&8'#$ (0+(c"5&$IW8B5,565 (gc[Xb(l")',+IN3B'('8',%
M'.#6(3.+ei( 9+8( $*&'( P*"B#%$ ( 0% ( 2*+K%"'+"%$( $#08B%&'58"%$( !5,#*Q*à9+%$( C(
<#$*Q*à9+%$( 8&'"+0#$ ( 0%( .5'7*,8'%$( M"5&*08*"8/9+%$ ( B8IG"#'52#$ ( C ( ?*2E&%$( g%LML(
;5&M0%$%(X5'7*,8'$iL(G%$(.5'7*,8'%$ ($*&'( 8&'%")"#'#$ (2*BB%(,5 ('"52% (0-+&%(5&28%&&%(
Q*&%(0%($+.0+2/*&(0%(,5 (c7#'6$ (P*"B5&'(+&% (Q*&% (52/K%(0-5"2(*+(0-5K5&'(5"2(g[27è"%"(
%'(5,LF(ls�riL(:%$ (c[X($*&'(.*"0#$(5+([+0()5"(,5 (̀ *&% (0% ([+'+"% (0% (,-3&0+$Ic$5&)*(g3c`[i(
9+8 (B5"9+%( ,5 ($#)5"5/*&(%&'"% (,5(),59+%( 3&08%&&%(%'( ?+"5$85/9+%L( G%R%( $'"+2'+"%(
,8&#58"%()"#$%&'%($+"(jkkk(YB(0-?$'(%&(z+%$'(%$'("827%(%&($#"8%$(*)78*,8/9+%$L

å ]+([+0(0%(,-3c`[(*&('"*+K%(,%$ ([#"8%$ ([#08B%&'58"%$ (c#'76$8%&&%$ (gc[[i(P*"B#$(0-+&%(
#)58$$%( )8,%( 0%( $#08B%&'$(B5"8&$ ( 0#)*$#$ (0+( !"*'#"*Q*à9+%( C( ,-?*2E&%L( @827%( %&(
P*$$8,%$F( ( 2%R% (+&8'#(%$'( P*"'%B%&'( ),8$$#% (B58$ ()%+(B#'5B*")78$#%L(?,,%(%&"%M8$'"%(
'*+'%$(,%$ ()75$%$('%2'*&89+%$ (0%(,5(B5"M%()5$$8K%(4*"0I3&08%&&% (b( 0%$ (0#)J'$ ()"E$(
"8êF( $6&I"8êF( *2#5&89+%$(5+D(0#)J'$ ($6&I*"*M#&89+%$(0%(,-?*2E&%(g%LML( :8+(%'( ?8&$%,%F(
lssrÇ(;5"Q5&/F(lsssiL(G%R%(+&8'#(%$'(0#,8B8'#%(5+([+0()5"(+&%(Q*&%(0% (0#'527%B%&'(
g[c1`b( l96*.#% "3@$.',% C$.'5#B$,.% m6,$ei( 565&'( P*&2/*&&#%( %&( P58,,%( &*"B5,% (0+(
<8*2E&% (C (,-W*,*2E&%(g%LML(G5.6( %'(5,LF( ls�qÇ(X+"M(%'( 5,LF(ls�rÇ(W*0M%$ (%'(5,LF( lssjÇ(
W*0M%$F(jkkkiL

å ]+([+0(0+([c1`F(,% (2*%+"(0%(,5 (275n&%(%$'(*22+)#()5"(,%$ (P*"B5/*&$(0+(W5+'(W8B5,565(
G"8$'5,,8&(gWWGF( *+(;Wb( UJ)$'.$)%N3B'('8'eiF( P*"B#%$ (0%(B#'5I$#08B%&'$ (0\eM%(B5,(
2*&&+(B58$ ($+))*$#(4%*)"*'#"*Q*à9+%$ (C (z"0*K828%&$ (g!5""8$7(%'( W*0M%$F(lss~iL( 3,$(
$*&'( 8&'%&$#B%&'( B#'5B*")78$#$ ( %'( 0#P*"B#$ ( %'( $*&'( 5$$*28#$ ( C ( 0%$( 8&'"+$8*&$(
,%+2*M"5&8/9+%$ ()*+K5&'( N'"% (),+"8IY8,*B#'"89+%$L( :-*"8M8&%(0% (2%$(,%+2*M"5&8'%$ (%$'(
5R"8.+#(C (,5 (P+$8*&()5"/%,,% (0%$ (+&8'#$($*+$IS52%&'%$(,*"$ (0% (,-*"*M%&E$% (g:%(H*"'(%'(5,LF(
ls�uiL(:%(WWG(%$'(2,5$$89+%B%&'(0#2*+)#(%&('"*8$ (P*"B5/*&$b(H3F( H33 (%'(H333(g:%(H*"'F(
lsuviL(:5(H3F(C (,5 (.5$% (0%(,5($#9+%&2%F(%$'()"8&28)5,%B%&'(P*"B#% (0%(B#'5I$#08B%&'$(
2,5$/9+%$ ( P*"B5&'( )"8&28)5,%B%&'( 0%$ ( M&%8$$ ( C ( .8*/'%$ ( %'( B+$2*K8'%L( :%(
B#'5B*")78$B%(5+MB%&'%(05&$ (,5 ($#"8%(%&()5$$5&'( 0-5$$%B.,5M%$ (C (08$'E&%$ (C (0%$(
5$$%B.,5M%$ ( C ( $8,,8B5&8'%( 05&$( ,5 ( B*8/# ( $+)#"8%+"%( 0%( ,5 ( P*"B5/*&L( :5 ( H33( $%(
0#B5"9+%(0%(,5 (H3()5"(+&% ()"#0*B8&5&2%(0%(M&%8$$(25,289+%$ (%'(0%(B5"."%$L(:5 (H333F(5+(
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$*BB%'(0%(,5($#"8%F(%$'(+&(&8K%5+(0%(M&%8$$ (*%8,,#$L(:% (WWG(%$'(0#,8B8'# (5+([+0()5"(+&(
27%K5+27%B%&'(B5S%+"( C(K%"M%&2%([+0(,% (<Gc( glS'3,%/$,.)'(%"#)*+.eiL(]+S*+"0-7+8(
8&52/PF( ,% (<Gc(5 ()"*.5.,%B%&'($+.8'(),+$8%+"$ ()75$%$(0-52/K5/*&(%&'"% (jj(%'(lr(<5(
5K5&'(0\N'"%("#52/K#(5+(<8*2E&%F(BNB%($8 (2%R% (27"*&*,*M8% (0%B%+"%(B5,(2*&&+%(
g%LML(W5""8$*&(%'(5,LF(lssuÇ(15&8%, (%'(5,LF(jkkqÇ(G5',*$ (%'(5,LF(jkkriL(G% (27%K5+27%B%&'(
5R%$'% (0+(B#'5B*")78$B%(8&K%"$%(05&$ (,% (2*%+"( 0% (,5 (275n&%(78B5,56%&&%(5K%2( ,%(
)5$$5M% (0+(WWG(75+'%B%&'(B#'5B*")78$# (5+('*8'(0+(<Gc(5+D( $#"8%$ (0+(B*6%&()56$(
g:Wb( U:%$$%"( W8B5,565Vi(),+$(P58.,%B%&'( B#'5B*")78$#%$(5+(B+"( 0+(<Gc( g;5&$$%"F(
ls~rÇ(:%(H*"'F(lsuvÇ(W5""8$$*&(%'(5,LF(lssuiL

å :%(:W(%$'(2*&$/'+#(0+(9+5"'Q8'%$F(0%(P*"B5/*&$(M"#$*I)#,,8/9+%$("827%(%&(25".*&5'%$F(
0%(M"E$F( $278$'%$(%'( 0% (M&%8$$ (g!N27%"F(lsu�iL(G%R%(P*"B5/*&(%$'(8&'%")"#'#% (2*BB%(
+&% ($#9+%&2%($#08B%&'58"%(0% (,5 (B5"M%()5$$8K%(4*"0(0+(2*&/&%&'( 3&08%&F(B58$(%$'(
2%)%&05&'(),+$(5&28%&&% (9+%(,%$(c[[(5K%2(0%$(eM%$(<%$*)"*'#"*Q*à9+%(C(G5B."8%&(
gX"**YO%,0F(lssqiL( ?,,% (%$'( ,8B8'#% (5+([+0()5"( ,%(<Xc( glS'3,% M6*,-')8% "#)*+.ei(+&(
5+'"%(27%K5+27%B%&'(B5S%+"( C (K%"M%&2%([+0F( $+.I)5"5,,E,%(5+(<Gc( %'(B%R5&'( %&(
2*&'52'( ,% (:W(5K%2( ,%$(+&8'#$ ('%"/58"%$(5+( [+0( g;5&$$%"F( ls~riL( G%(27%K5+27%B%&'F(
),+$('5"08P(9+%(,%(<Gc(5+"58'(#'#(52/P(0%)+8$(v(<5(g1%G%,,%$(%'(5,LF(lss�iL

å ]+([+0(0+(<XcF( ,%$ ()"%B8%"$ ("%,8%P$ ($*&'(P*"B#$ ()5"( ,%$ ([8f5,8Y$F( 9+8 (2*&$/'+%&'( ,%$(
0#)J'$ (B*,5$$89+%$ (G#&*Q*à9+%( 8$$+$( 0% ( ,\#"*$8*&( 78B5,56%&&%( %'( %D7+B#$ ()5"( ,5(
,-5K5&2#%( 0+( P"*&'( 0% ( 0#P*"B5/*&( g<5$2,%( %'( W#"58,F( ls�jÇ( 1%,258,,5+F( lssjiL( :%$(
[8f5,8Y$($*&'(2*&$/'+#$ (0%$ (P*"B5/*&$ (0#'"8/9+%$ (),+$ (*+(B*8&$ (2*&$*,80#%$(M"5&+,*I
2"*8$$5&'( 0%$(5"M8,8'%$ (5+D( 2*&M,*B#"5'$L( G%$ ("%,8%P$ ($*&'( $#)5"#$ (0%(,5(),58&% (3&0*I
;5&M#/9+%( )5"( ,%(<Hc( g<58&( H"*&'5, (c7"+$'i( 9+8( 522*BB*0%( ,5 (B5S%+"( )5"/%(0+(
"522*+"28$$%B%&'(52'+%,(05&$(,5(275n&%(g:5K#(%'(]K*+52F(jkkkiL
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`+>1)'5223S/5G5"'%(M#*,*M89+%(%'($'"+2'+"5,%(0%(,-5"2(78B5,56%&(2*B)8,#()5"(W*0M%$F(jkkkL(
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( :\#"*$8*&(0%(,5 (275n&%(78B5,56%&&%(%'(0+(),5'%5+(/.#'58&(5 (0*&&# (,8%+(C(,5 (P*"B5/*&(
0%(M"5&0$ (.5$$8&$ ($#08B%&'58"%$()"8&28)5,%B%&'( 5+( [+0( 0% (,5(275n&%(5K%2( ,%$(.5$$8&$(0%(
,-3&0+$ (%'(0+(;5&M%IX"57B5)*+'"%(g%'(,%(X%&M5, (H5&i(B58$ (5+$$8 (%&(]$8%(0+([+0I%$'(M"e2%(5+D(
o+D(0%($#08B%&'$()"*K%&5&'(0+(),5'%5+(c8.#'58&(g<#/K8%"(%'(5,LF(lsssiL(

( :%$ (0#)J'$($#08B%&'58"%$ (0+(P"*&'([+0(0%(,5 (275n&%(78B5,56%&&%($*&'($'"+2'+"#$(%&(
0%+D()"8&28)5+D(.5$$8&$ (b( ,%(.5$$8&($#08B%&'58"%(2*&/&%&'5,(0%(,5 (),58&% (3&0*I;5&M#/9+%(
58&$8 (9+%(,%(.5$$8&($#08B%&'58"%(0+(2J&%(0+(X%&M5,% (5+([+0(0%$ (2J'%$ (0+(X5&M,50%$7L( :5(
$+.0+2/*&( 2*&/&%&'5,% (0% ( ,5 (),59+%( 3&08%&&% ($*+$( ,5( ),59+%(?+"5$85/9+%( 58&$8( 9+%( ,5(
275"M% (0% (,5 (275n&% (78B5,56%&&%()"*K*9+%&'( ,% (.*B.%B%&'(o%D+"5, (0%(,5 (),59+%(3&08%&&%(
5+(K*8$8&5M%(0% (,5 ($+.0+2/*&(g:6*&IG5%&(%'(<*,&5"F( ls�qiL(1-5)"E$ (0%$(P*"5M%$()"*P*&0$(
g%LML([5$'"8 (%'(5,LF(lsuli(58&$8 (9+%(,%$(B*0#,8$5/*&$('7%"B*IB#25&89+%$ (gW%'#&68 (%'(5,LF(jkk~i(
,-#)58$$%+"(B5D8B+B(0% (,5()8,% ($#08B%&'58"% (5+(0%$$+$ (0+($*2,%(!"*'#"*Q*à9+% (%$'(0%(,-*"0"%(
0%( r( C ( rLv( YB( C( %&K8"*&( jk( YB( 5+( [+0( 0+( <HcL( :\eM%( 0%$ ( 0#)J'$( &-%$'( %$/B#(
9+-8&08"%2'%B%&'( C ()5"/"( 0%$($#"8%$([8f5,8Y$ (0+(0#.+'( <8*2E&%(C(!,#8$'*2E&% (g1%,258,,5+F(
lssjiL( G%$ (0#)J'$( $%()"*,*&M%&'( 52'+%,,%B%&'( )5"( ,%$ (0#)J'$( o+K85/,%$( 0% (,5( ),58&%( 0+(
;5&M%(9+8 (522*BB*0%(,5($+.$80%&2%(0+(.5$$8&L( :%('5+D( 0% ($#08B%&'5/*&(52'+%, (%$'( '"E$(
K5"85.,% (05&$(,5 (M5BB%(0% (kLkv( C(lLv(BB}5&(gA*$78(%'( X75"/65F(lsslÇ( [8&75 (%'(5,LF( lss~Ç(
G75&0"5(%'(5,LF(jkkuiL
(
( <#/K8%"(%'(5,L(glsssi(%$/B%&'(9+-%&K8"*&(sr(p(0+(o+D($#08B%&'58"%(%$'(%D)*"'#(K%"$(
,% (2J&%(0+(X%&M5,%($8'+#(%&()#"8)7#"8%(0+(2"5'*&(3&08%&F(5+([+0I%$'(0+(.5$$8&(o%D+"5, (0%(,5(
),58&%( 3&0*I;5&M#/9+%L( :% ( 2J&%( 0+( X%&M5, ( $%( 0#K%,*))%( 05&$( +&( 2*&'%D'%( '%2'*&89+%(
2*B),%D% (0%(0*+.,%($+.0+2/*&(0% (,5 (),59+% (3&08%&&%($*+$ (,5 (),59+% (?+"5$85/9+%(5+(4*"0(
%'(,5 (),59+%(X8"B5&%(C(,-%$'(g%LML(['%2Y,%"(%'(5,LF(jkk�i(2%(9+8 (%&(P58'(+&(.5$$8&(*2#5&89+%(0%(
'6)%("#$80+%, ( g],5B( %'( 5,LF( jkkqÇ( G+""56( %'( 5,LF( jkkqÇ( =008&( %'( :+&0.%"MF( jkkriL( :5()8,%(
$#08B%&'58"%(&-5R%8&'( 9+%(l(C (j( YB(0%()"*P*&0%+"(5+(4*"0(0+(X5&M,50%$7(g:8&0$56( %'(5,LF(
lssli(B58$ ($5 ()"*P*&0%+"(5+MB%&'%(."+$9+%B%&'(K%"$ (,%([+0I?$'(5+()5$$5M% (0%(,5(UW8&M%(
`*&%V(9+8 (B5"9+%(,5 ('"5&$8/*&(0-+&%(2"*m'%(2*&/&%&'5,%(#)58$$% (C (+&%(2"*m'%(*2#5&89+%(
g],5BF(ls�sÇ(<8'"5 (%'(5,LF(jkkviL(A+$9+-C(jk(YB(0%($#08B%&'$($*&'(522+B+,#$ (08"%2'%B%&'(5+(
[+0(0%$ (2J'%$( 0+(X5&M,50%$7( gG+""56F( lssrÇ( @5075Y"8$7&5 (%'( 5,LF( jklki( gH8M+"%( 33L~iL( :%$(
0#)J'$ ($#08B%&'58"%$("%B*&'%&'( K"58$%B.,5.,%B%&'( S+$9+-C (,-?*2E&%(%'( ,%$ (P*"5M%$ (0% (,5(
)5"/%(08$'5,% (gz1!(:%M(ll~i("%B*&'%&'(C(jk(<5(0%($#08B%&'5/*&(0#'"8/9+%(gG*27"5&(%'(5,LF(
ls�si(0-*"8M8&%(78B5,56%&&%(gH"5&2%I:5&*"0(%'(5,LF(lssqiL(:5($#08B%&'5/*&(9+5'%"&58"%(%$'(
2%)%&05&'(B8%+D(2*&'"58&'%L(:-5"278'%2'+"% (0+($7%,P(%$'(2*B)*$#%(0-+&($6$'EB%()"*M"505&'(
0%(2,8&*P*"B%$F($-#'5,5&'(0%(jk(C(llk(B(0% ()"*P*&0%+"( g0%$ ('*)$%'(5+D(.*R*B$%'i($+"(vk(C(
lvk(YB(5+([+0L(:%$ ('*)$%'($*&'(B5"9+#$()5"(+&('5+D(0% ($#08B%&'5/*&(8B)*"'5&'(0%(v(C (lk(
2B()5"(5&(g<827%,$ (%'(5,LF(lss�Ç([+2Y*f(%'(5,LF(jkkli(5,*"$ (9+-8, (%$'("#0+8'(C (kLq(2B()5"(5&(5+(
&8K%5+(0%$(.*R*B$%'(9+8 ("%)"#$%&'%&'(,5($+"P52%(0%(.5$ (&8K%5+(B5"8&%(!,#8$'*2E&% (g>+%7, (%'(
5,LF(lssuÇ(<827%,$(%'(5,LF(lss�iL( :%('"5&$)*"'(0%$ ($#08B%&'$ (K%"$(,% (2J&%()"*P*&0($% (P58'()5"(
,\8&'%"B#0858"% (0-+&(25&6*&($*+$(B5"8&F(,%(U[f5'27(*P(4*(;"*+&0V(g[z4;i(C(,-z+%$'(0+([7%,P(
$*+$(P*"B%(0%($+$)%&$8*&$()%&05&'(,5(B*+$$*&(*+(,*"$(0%("+)'+"%$ (%&(B5$$%()%&05&'(,%$(
262,*&%$ (g>+0"5$$ (%'(5,LF(lss�Ç(<827%,$ (%'(5,LF(jkkqÇ(@*M%"(%'(;**0."%0F(jklkÇ(!5,5B%&M78(%'(
5,LF(jklliL( G%$ ($#08B%&'$ ($*&'(5,*"$('"5&$P#"#$ (K%"$ (,%$()5"/%$ (,%$ (),+$ (08$'5,%$ (0+(2J&%(0+(
X%&M5, ()5"(0%$($6$'EB%$ (0%(27%&5+D('+".808/9+%$ (gG+""56(%'(5,LF(jkkqÇ([27f%&Y(%'(5,LF(jkkqÇ(
[27f%&Y(%'(5,LF(jkkviL
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% /$F$% Y.*-$% '% <'3.% '00$(% \% -$% ,6B@)$*+$+%BY.#6-$+% $.% .$5#,3:*$+%
','(8;:*$+% -3dY)$,.$+!% 93% 5$(($+I53% +6,.% @)3ZA$B$,.% -Y5)3.$+% 0')% ('% +*3.$% 5$%
5#'03.)$% -6,,$% :*$(:*$+% -Y.'3(+% +*00(YB$,.'3)$+% <'53(3.',.% ('% ($5.*)$% -$+%
5#'03.)$+%+*3A',.+!%96,.%-YA$(600Y+%353%0(*+%0');5*(3Z)$B$,.?% ($%-Y)6*($B$,.%
-$+% 0)Y(ZA$B$,.% $.% B$+*)$+% <'3.$+% +*)% ($% .$))'3,% '3,+3% :*$% ($+% .$5#,3:*$+%
','(8;:*$+% )$(';A$+%\% ([','(8+$%-$+%3+6.60$+%+.'@($+%Q6T84Z,$%$.%#8-)64Z,$R%
-$+% +3(35'.$+!% /$+% -$),3Z)$+% 6,.% <'3.% ([6@`$.% -$% :*$(:*$+% -YA$(600$B$,.+%
','(8;:*$+%:*3%+6,.%YA6:*Y+%353!

999:)##E0Z/'733V''/Y4# _)

!!!"#"#$D3:2364.&,$*96'I25;))-5524&$ 0#

S:++:51+(2*"8901B7751106&(#"07:+"+( L@
X*"8901B7751106&(2&(+"2:%&14+(&1(,#5>512&/#( LE

Y+,&84+(,#0B./&+( LH

Y/4#&+(4G,&+(2*"8901B7751106&+( LD
!!!"#">$L&,+:&,$*&,$M.3&,,&,$*&$'-+:253$&3$*&$*6<.3,$ 07

_#:18:,&+(2&(>518B511&%&14( LC
S&+/#&+(201+(7&(N0++:1(2/(Q016&+`a#09%0,5/4#&( LU

999:!##DU-ZV54,#/'/3W7[%4,# C!

!!!">"#$!,-3-B&,$,32<)&,$'-//&$3:2'&+:,$*&$)92)36:2;-5$ 8>

X&(2&6#"(2*9G2#040B51(2&+(,90+&+(+:7:804"+( DE

bT(&4(b@U^(2&+(+"2:%&14+(85%%&(:12:804&/#(2&+(8512:B51+(2*074"#0B51( DE

!!!">">$!,-3-B.&$*&$)9I(*:-4N5&$ 80

T"+9G2#0B51(2&+(+"2:%&14+( DL

S"4952&+(870++:./&+( DL
T"V&75,,&%&14(2&(70(%&+/#&(,0#(0107G+&/#("7"%&140:#&(c]Yd( DD

!!!">"1$!,-3-B.&$*&$)9-O(4N5&$ 8=

_#:18:,&+( DU
b@U^(2&+(+"2:%&14+(2/(Q016&+`a#09%0,5/4#&e( DU
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'''(!$$S5<3+400*++3;-

>>>!K!K%9.)'.Y43$+%-[Y5#',;((6,,'4$

* ?&++&1#+*->,63$#5441##$A)*/,$4&+,+

( :-#'+0%()"#$%&'#%(05&$ (2% (B5&+$2"8'( $-5))+8% ()"8&28)5,%B%&'( $+"( ,%$ (#275&/,,*&$(
2*,,%2'#$ (05&$ (,% ($6$'EB%(78B5,56%&L( :5 (2*,,%2/*&(0-#275&/,,*&$ (0+($6$'EB%("%B*&'% (5+D(
#275&/,,*&&5M%$ (0%("*27%$ ($*+"2%$(0%(,5(275n&%(78B5,56%&&%(0%$ (5&&#%$ (uk(C (sk()5"F(%&'"%(
5+'"%$b(!L(:% (H*"'F(]L(!N27%"F( (GL(H"5&2%I:5&*"0F([L(;+8,,*'(%'(<L(X"*+5&0(LLL( 3, (P5+'(6("5S*+'%"(
,%$ (#275&/,,*&$(0%($#08B%&'$ ()"#,%K#$(05&$(,%$("8K8E"%$ (78B5,56%&&%$ (%'( 0% (,5 (),58&% (3&0*I
;5&M#/9+%F( %&(3&0% (%'(5+(X5&M,50%$7()5"( GL( H"5&2%I:5&*"0F( ]L(;5,6( %'( L̂( ;5,6( 0% (lss�( C(
jkkuL( :%$(B8$$8*&$ (0% ('%""58&$(%T%2'+#%$ ()%&05&'( 2%$ ('"*8$ (5&&#%$ ('7E$%(*&'( )%"B8$ (0%(
2*B),#'%"( ,%$ (#275&/,,*&&5M%$ ()"#2#0%&'$()5"( ,\#275&/,,*&&5M%(0% (&*+K%,,%$ ("8K8E"%$ (0+(
$6$'EB%(*+()5"( 0% (&*+K%5+D( "%I#275&/,,*&&5M%$ (5+D( )*8&'$ (,%$ (),+$($'"5'#M89+%$ (5O&(0%(
0*2+B%&'%"( ,5 ( K5"85.8,8'# ( '%B)*"%,,%( 0%$ ( $#08B%&'$( '"5&$)*"'#$L( :%$ ( 25B)5M&%$(
0-#275&/,,*&&5M%$(%T%2'+#$($*&'(0#'58,,#$(28(0%$$*+$b

å A5&K8%"( jkk�( gj( $%B58&%$i( b( Å275&/,,*&&5M%( 0%$ ( "8K8E"%$ ( 0+( X5&M,50%$7( 7*"$(
B*+$$*&(5K%2(&*'5BB%&'(+&()5$$5M%(05&$(,%$ (B5&M"*K%$(0+([+0(0+(X5&M,50%$7F(
5+(&8K%5+(0+(P"*&'(0+(0%,'5L(g]K%2(GL(H"5&2%I:5&*"0(%'( L̂(;5,6iL

å <58 ( jkk�( gq( $%B58&%$i( b( Å275&/,,*&&5M% ( 0%$ ( "8K8E"%$ ( 0%( ,-5B*&'( 0+( .5$$8&(
]B5Q*&8%&(g@8*(]B5Q*&5$i(5+(!#"*+(%&(2*,,5.*"5/*&(5K%2(AL( X*+27%Q(g3!;(!5"8$iF(
]L(G"5K%(g3@1i(%'(!L( H"58Q6( g3@1iL( G%R%(B8$$8*&(B-5 ()%"B8$ (0%(B%(P5B8,85"8$%"(5K%2(
,-#275&/,,*&&5M% (0% ($#08B%&'$ (%&($+$)%&$8*&(58&$8 (9+%(,5(B%$+"%(0%(0#.8'$ ()5"(
B#'7*0%$(M#*)76$89+%$ (g]1G!F( K*8"( $%2/*&( $+8K5&'%iL( ?,,%(5 (5+$$8 (P528,8'#()5"( ,5(
$+8'% ( ,%$ ( 2*,,5.*"5/*&$( 5K%2( AL( X*+27%Q( )*+"( ,%$ ( '"5K5+D( $+"( ,5( 06&5B89+%( 0+(
'"5&$)*"'($#08B%&'58"%(%'($*&("J,%(05&$(,%('"8(278B89+%(0%$($#08B%&'$L(

å ]*m'I[%)'%B."%( jkk�( g~( $%B58&%$i( b( Å275&/,,*&&5M%( 0%( "8K8E"%$( 05&$ (,5( )5"/%(
2%&'"5,% ( 0% ( ,-3&0%( gX875"F( =R5"( !"50%$7i( )*+"( 2*B),#'%"( ,%$ ( #275&/,,*&&5M%$(
)"#2#0%&'$L( !+8$ ( #275&/,,*&&5M%$ ( %'( B%$+"%$ ( 0%( 0#.8'( 5+( X5&M,50%$7( )*+"(
&*'5BB%&'( $+8K"%( ,5 (0#2"+%( 0+( ;5&M%$ (%'( 0+( X"57B5)*+'"%L( Å275&/,,*&&5M%$(
#M5,%B%&'( 5+( [+0( 5K%2( +&%( '%&'5/K%( 0-#275&/,,*&&%"( ,\%D+'*8"%( )%&05&'( ,5(
B*+$$*&L(<8$$8*&("#5,8$#%(5K%2(GL(H"5&2%I:5&*"0(%'(?L(X,5%$(g:W6;%(['"5$.*+"MiL

å A+8,,%'( jkks( gj( $%B58&%$i( b( Å275&/,,*&&5M% (%'( B%$+"%$ (0%(0#.8'( 0%$ ("8K8E"%$(0%(
,-z+%$'( 0% (,5(),58&%(0+(;5&M%(%&(3&0%(g;5&M%F(G75B.5,i(5K%2("%B*&'#%(5+(4*"0(
05&$(,5 (275n&%()*+"(#275&/,,*&&%"(,%(;5&M%(%&(5B*&'(0% ($*&(%&'"#% (05&$ (,5 (),58&%L(
X8%&( 9+%( 2%'( #275&/,,*&&5M%( 58'( #'#( "#5,8$#( )%&05&'( ,5( )#"8*0%( 0%( B*+$$*&(
75.8'+%,,%F(2%,,%I28 (5 (#'#('"E$(P58.,%(%&'"58&5&'(#M5,%B%&'(0%$ (0#.8'$ (P58.,%$(05&$(,%$(
"8K8E"%$L(<8$$8*&("#5,8$#%(5K%2(GL(%'(:L(H"5&2%I:5&*"0L(

å 4*K%B."%(jkks(gq($%B58&%$i(b(Å275&/,,*&&5M%$(0%($*,$ (05&$ (,%(.5$$8&(K%"$5&'(0%(,5(
>7+08 (>7*,5F(+&(5é+%&'(0% (,5 (<5"$65&M08 (5+(4#)5, (2%&'"5, (5O&(0%(0*2+B%&'%"( ,5(
)"*0+2/*&( 0%( $#08B%&'$ ( %'( ,%+"( '"5&$P%"'( K%"$( ,%$ ( "8K8E"%$ ( 05&$ ( ,% ( $6$'EB%(
78B5,56%&L( !+8$(#275&/,,*&&5M%$ (0% (.%"M%$(%'( 0%('%""5$$%$ (05&$ (,-%$'( 0+(4%)5,L(
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<8$$8*&( "#5,8$#%(5K%2( GL( H"5&2%I:5&*"0F( AL( :5K#F( 4L( !+27*, ( gG@!;iF( ?L( 15B."8&%(
g34@](G75B)%&*+Di(%'(]L(;5S+"%,(g=&8K%"$8'#(0%(c"8.7+K5&F(>5'B5&0*+iL(

å A+8,,%'(jklk(gq($%B58&%$i(b(Å275&/,,*&&5M%(%'(B%$+"%$(0%(0#.8'(5+(X5&M,50%$7($+"(
,% (;5&M%F(X"57B5)*+'"%(%'(05&$(,-%$'+58"% (%&(5K5,L(!+8$(#275&/,,*&&5M%(%'(B%$+"%(
0%(0#.8'(0%(,5(45"565&8 (%&($*"/%(0% (275n&%(5+(4#)5,(2%&'"5,L(<8$$8*&("#5,8$#%(5K%2(
GL( H"5&2%I:5&*"0F( L̂(;5,6( gÉWz3F(É**0$ (W*,%F(=[iF(XL(^*$$ (gÉWz3i( %'(<L( ;5"Z*&(
g:;G]F(;"%&*.,%iL

( [%+,% (+&%()5"/% (0% (2%$(B8$$8*&$ (0%('%""58&$(%$'(08"%2'%B%&'(K5,*"8$#% (05&$ (2%('"5K58,L(
3, ( $-5M8'( )"8&28)5,%B%&'( 0%$( #275&/,,*&&5M%$ (0%( $#08B%&'$ (%'( 0%$ (B%$+"%$(0%( 0#.8'$ (0%(
"8K8E"%$ (5+(4%)5,F(%&(3&0% (%'(5+(X5&M,50%$7L(G*BB%(sk(p(0+(o+D(0%($#08B%&'$ (5+(&8K%5+(0+(
;5&M%( %'( 0+( X"57B5)*+'"%( %$'( '"5&$)*"'# ( )%&05&'( ,5 ( B*+$$*&( g@[!F( lss~iF( 2%$(
#275&/,,*&&5M%$ (*&'(%+(,8%+(%&'"%(S+8&(%'( $%)'%B."%L( :5(B8$$8*&(5+(!#"*+(5 (#'#(%T%2'+#%(
05&$(,%(250"%(0% (,5 ('7E$%(0%(AL(X*+27%Q(g$*+'%&+%(%&(jkksi(%'(,5 (B8$$8*&(0-#275&/,,*&&5M%(
0%($*,$ (%&'"% (05&$ (,%(250"%(0% ('7E$%$(0#B5""#%$ (5+(G@!;()5"(4L(!+27*, (%&(jkks( %'(0%(;L(
<*"8&(%'(HL(;5,,*(%&(jklkL(G%$(B8$$8*&$(*&'(&#5&B*8&$ (#'# ("827%$(%&(%&$%8M&%B%&'$ (%'($*&'(
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$+))*"'(%&(48(05&$ (+&% (275B."%(,5$%"F(2*&&%2'#%(C (,5 (,8M&%L(=&%()"%$$8*&(0% (�k(C(
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ll($#08B%&'$ (0%("8K8E"%L( G%$ (0*&&#%$ ($*&'( "#$+B#%$ (05&$ (,%('5.,%5+(333Ll(%&()"#$%&2%(0%$(
B%$+"%$(0%(ì1(%'(0+("5))*"'(],}[8(g8&0825/P(0+('"8IB8&#"5,*M89+%F(K*8"(275)8'"%(riL((

Sample # River Location
Depth from 
bottom (m)

Al/Si 
(mol/mol)

`G#dò(
^[<zÉi

`!"<#dò(
^[<zÉi

BR8218 Ganga H. Bridge 10 0.27 -86 13.3
BR8216 Ganga H. Bridge 5 0.25 -82 13.2
BR8221 Ganga H. Bridge Bedload 0.13 -94 11.9
LO750 Karnali Khotiaghat 5 0.24 -90 13.1
LO748 Karnali Khotiaghat 3 0.20 -90 12.9
PB80 Karnali Chisapani Bank 0.10 13.1
PB60 Narayani Narayanghat 9 0.27 -96 13.0
PB54 Narayani Narayanghat 1 0.19 -97 12.8
LO755 Narayani Narayanghat 1 0.23 -103 12.4
PB68 Kosi Chatara 4 0.33 -94 11.2
LO763 Kosi Chatara Bank 0.15 -92 12.0
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!8<7'815 22234/5G*B)*$8/*&( 8$*'*)89+%( 0-*D6ME&%(0%( $#08B%&'$(0+( .5$$8&( 0+( ;5&M%(B%$+"#%()5"(
o+*"8&5/*&( ,5$%"( 5+(G?@?;?(g&*"B5,8$#$(C(4X[j�F(ì!Dz(ã(sL~k(ô(kLlqÇ(�(B%$+"%$iL(:%("5))*"'(],}[8(
g8&0825'%+"( 0%( M"5&+,*B#'"8%i( %'( ,5( 2*B)*$8/*&( 8$*'*)89+%( gì1i( %&( 760"*ME&%( $*&'( #M5,%B%&'(
8&089+#$L

`+>1)'522234K/5ì!Dz(%&(P*&2/*&(0+("5))*"'(],}[8(%'(0+(ì1(0%($#08B%&'$(0+(.5$$8&(0+(;5&M%L

!!"#

!!"$

!%"#

!%"$

!&"#

!&"$

'!!# '!#$ '!## '($ '(# ')$ ')#
!!"#

!!"$

!%"#

!%"$

!&"#

!&"$

# #"! #"% #"& #"*
!"#$%&'()"#()"*

+,-.,
/,0-,12
3,0,4,-2
/562

+
,
-
&'
.
*

+
,
-
&'
.
*

/&'.*

'''($R1,<*H-7

vs



'"5Z5.,%()5"( ,% (ì1F( )*+""58'( 8&0+8"%(+&% (2*""#,5/*&(%&'"% (ì!Dz(%'( ì1L( :5(P58.,%()"*)*"/*&(
0-*D6ME&%(2*&'%&+(05&$(,%$ ()75$%$ ($%2*&058"%$ ()5"( "5))*"'(5+D( )75$%$()"8B58"%$ (g9+5"'Qi(
,58$$% ( )"#$+))*$%"( 9+%( ,%$ ( P"52/*&&%B%&'$ ( $*&'( '"E$ ( P58.,%$L( :5 ( K5"85/*&( 0+( ì!Dz( 0%$(
$#08B%&'$(0+%(C (,-5,'#"5/*&F()*+""58%&'(5,*"$ (N'"% (.%5+2*+)(),+$ (P58.,%$(9+%(2%,,%$ (8&0+8'%$(
)5"( 0%$( 08T#"%&2%$ ( 0%( ,8'7*,*M8% ( %&'"% ( ,%$ ( .5$$8&$ ( K%"$5&'$L( :-+/,8$5/*&( 0+( ì!Dz( 0%$(
$#08B%&'$( &%( $-#'5&'( )5$F( C ( 2%( S*+"F( "#K#,# ( '"E$ ( 2*&2,+5&'%( 8,( 5 ( #'# ( 0#280#( 0%( &%( )5$(
)*+"$+8K"%(2%$(B%$+"%$L

'''($R1,<*H-7

~k



2T5

=5

ce]6R2f^%5c^5!&6]$G\&!5$Qc2R%]!62&%5%!5

Q&\$2\]5G"e$2f^%5c6]$5[%5Y6$$2]5c^5L6]L%



% G[*;(3+';6,%-$+%+Y-3B$,.+%-Y.)3;:*$+% 56BB$% .)'5$*)+% -$%(['(.Y)';6,%
,Y5$++3.$% -$% 56B0)$,-)$% ($% 56,.)]($% $T$)5Y% 0')% ($+% 0)65$++*+% 0#8+3:*$+?%
56BB$%('%0)6-*5;6,%$.%($%.)',+06).?%+*)%('%56B06+3;6,%5#3B3:*$!%/$%5#'03.)$%
$+.%');5*(Y%'*.6*)%-$%-$*T%B',*+5)3.!% G$%0)$B3$)% .)'3.$%-*%)]($%$T$)5Y%0')%($%
.)3IB3,Y)'(643:*$% +*)% ('% 56B06+3;6,% 5#3B3:*$%-$+% +Y-3B$,.+%.)',+06).Y+% $.%
0)606+$%*,%B6-Z($%06*)%3,.Y4)$)%($*)%A')3'@3(3.Y!%G$%+$56,-?%*;(3+$%($+%3+6.60$+%
56+B64Y,3:*$+%06*)%-Y.$)B3,$)%($+%.'*T%-[Y)6+36,+%$.%P*T%+Y-3B$,.'3)$+%-',+%
($%@'+3,%-*%J',4$!

9J:)##2.&#,U5&64'-/&.4#4-#,UY.UY/7V'#0Z&6&[%4#54,#U3U64'-,#5/',#34#Q/'Y4,# RH

A Rouse-based method to integrate the chemical composition of 
river sediments: application to the Ganga basin 64

#"$!53:-*+';-5$ 78

>"$D2/B).54$,3:23&4($25*$252)(;'2)$/&3I-*,$ 77

1"$?&,+)3,$ EP

0"$D&*./&53$'-/B-,.;-5$/-*&).54$ EE

8"$!/B).'2;-5$C-:$H./2)2(25$4&-'I&/.'2)$<+*4&3$-C$&:-,.-5$ GP

7"$F-5')+,.-5$ G>

9J:!##2/%a#5]U.V,&V'#4-#b%a#,U5&64'-/&.4,#5/',#34#+/,&'#5%#Q/'Y4#X#/^^V.-,#54,#&,V-V^4,#
0V,6VYU'&[%4,# II

10Be-derived Himalayan erosion rates and sediment budgets in the 
Ganga basin 100

#"$!53:-*+';-5$ #P#

>"$Q&-)-4.'2)$25*$4&-/-:BI-)-4.'2)$,&R54,$ #P>

1"$L&3I-*,$ #P1

0"$?&,+)3,$ #P8

8"$S.,'+,,.-5$ #P=

7"$F-5')+,.-5$ ##8

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~j



'U(!$ $T29$71H9=-+,392-$-,$ 71;21;34*+$ 5<9=9>?-$H-7$101=-+,7$H3+7$0-$
O3+;-7

( ]O&( 0-+/,8$%"( ,% ( $8M&5,( $#08B%&'58"%( 0%( P5Z*&( 9+5&/'5/K% ( 8, ( %$'( &#2%$$58"%( 0%(
2*B)"%&0"%( 9+%,$ ( $*&'( ,%$ ( )"8&28)5+D( P52'%+"$ ( 9+8 ( ,% ( 2*&'"J,%&'L( :*"$ ( 0+( '"5&$)*"'( 0%(
$#08B%&'$F( ,%$ ( P*"2%$ ( 760"*06&5B89+%$( 9+8( $-%D%"2%&'( $+"( ,%$ ( )5"/2+,%$( 2*&'"J,%&'( ,5(
"#)5"//*&(0%( 2%,,%$I28(05&$( ,5 (2*,*&&%(0-%5+( g2PL( 275)8'"%( 333iL( G%$( P*"2%$ (%&'"58&%&'( +&%(
$#M"#M5/*&( 0%$( B8&#"5+DF( ,%$ ( B8&#"5+D( ,%$ ( ),+$( 0%&$%$( *+( ,%$ ( ),+$( M"*$$8%"$( #'5&'(
)"#P#"%&/%,,%B%&'(%&"8278$ (05&$(,%(.5$ (0%(,5 (2*,*&&%(0-%5+L(G%R%(K5"85.8,8'#(B8&#"5,*M89+%(
%$'(5$$*28#(C (+&%(P*"'%(K5"85.8,8'#(0%(2*B)*$8/*&(278B89+%(0%$($#08B%&'$L(G%R%(K5"85.8,8'#(
0%()"%B8%"(*"0"%(0*8'(N'"% ()"8$% (%&(2*B)'%(,*"$(0% (,5(25"52'#"8$5/*&(%'(,5(9+5&/O25/*&(0%$(
o+D(278B89+%$ ($*,80%$(%&(+&()*8&'(0*&&#(0+($6$'EB%L(:%$ (#275&/,,*&&5M%$(%T%2'+#$ (05&$ (,%(
250"%(0%(2%('"5K58, (B*&'"%&'(2,58"%B%&'(9+% (,5(2*B)*$8/*&(278B89+% (0%($#08B%&'$()"#,%K#$(
K5"8%( P*"'%B%&'( 5K%2( ,5 ( )"*P*&0%+"( *+( ,% ( B*B%&'( 0\#275&/,,*&&5M%( %'( 9+-+&( $%+,(
#275&/,,*&(&-%$'()5$("%)"#$%&'5/P(0%(,-%&$%B.,%(0+(B5'#"8%,('"5&$)*"'#()5"(+&(o%+K%L

:-5"/2,% (9+8 ($+8'( $% ()"*)*$%(0-+/,8$%"( ,%$ (,*8$ (2,5$$89+%$ (0+('"5&$)*"'( $#08B%&'58"% (5O&(0%(
B*0#,8$%"( ,5( K5"85.8,8'# ($#08B%&'58"% (0+( ;5&M% (5+(X5&M,50%$7L( G%28 ()%"B%'( 0-%$/B%"( ,5(
2*B)*$8/*&( 278B89+%(B*6%&&%(0%$ ($#08B%&'$ (%D)*"'#$()5"( ,% (.5$8&( 0+(;5&M%L( ;"e2%( C(
,-+/,8$5/*&(2*&S*8&'%(0%$ (B%$+"%$ (0% (K8'%$$% (g]1G!F( 2PL(275)L( 333i(%'(0%(,\#275&/,,*&&5M%(0%(
$#08B%&'$(8, (5 (#'# ()*$$8.,% (0%()"*)*$%"( +&%("%,5/*&(%&'"% (,5 (M"5&+,*B#'"8%(B*6%&&%(0%$(
$#08B%&'$(%D)*"'#$(05&$ (+&% (2*,*&&%(0-%5+(%'( ,-#&%"M8% (760"5+,89+%(08$)*&8.,% ()*+"( ,%+"(
'"5&$)*"'( g*piL( G%R% ("%,5/*&(%B)8"89+%(%$'( ,5 (.5$%(0-+&(B*0E,%F( )%"B%R5&'(0\%$/B%"( ,5(
M"5&+,*B#'"8%(B*6%&&%(0%$ ($#08B%&'$(0-5.*"0($+"(+&%($%2/*&(2*B),E'% (0%("8K8E"%()+8$ ($+"(
+&( 760"*M"5BB%( "%)"#$%&'5&'( í( jv( 5&$ (0%(75+'%+"$ (0-%5+(0+(;5&M%L( :5 (M"5&+,*B#'"8%(
B*6%&&%(#'5&'( 08"%2'%B%&'( 2*""#,# (C (,5( 2*B)*$8/*&( 278B89+% (0%$ ($#08B%&'$( 8, (0%K8%&$(
5,*"$ ()*$$8.,% (0%(0#'%"B8&%"(,5 (2*B)*$8/*&(278B89+% (B*6%&&% (0%$ ($#08B%&'$(%D)*"'#$ ()5"(
,% ( ;5&M%L( G% ( .8,5&( B*&'"%( 9+% ( ,5 ( 2*B)*$8/*&( 0%$( $#08B%&'$( 0+( ;5&M%( %&( #,#B%&'$(
8BB*.8,%$ (2*BB%(,-], (%'(,% ([8 ((%$'('"E$ ()"*27%(0%(2%,,%(%$/B#(0%(,5 (2"*m'% (78B5,56%&&%(g],}[8(
ã(kLjq( )*+"( ,%(;5&M% (%'(kLjj()*+"( ,5 (2"*m'%iL( :%()"8&28)5, (B#25&8$B%()%"B%R5&'(0%(P58"%(
#K*,+%"(,%("5))*"'(],}[8 (%$'(,5 ($#9+%$'"5/*&(0%($#08B%&'$(05&$(,5 (),58&%(5,,+K85,%L(?&(%T%'F(,5(
2*B)*$8/*&( 0% ( ,5( ),58&%( %$'( $+))*$#%( )"*27%( 0%( 2%,,%( 0%$( [8f5,8Y$ ( %'( 0%$ ( $#08B%&'$(
)"#,%K#$( 05&$ ( ,% ( ,8'( 0%$ ( "8K8E"%$L( G%$ ( $#08B%&'$ ( $*&'( 0*B8&#$ ( )5"( ,%$ ( M"5&+,*B#'"8%$(
M"*$$8E"%$ (5+D( "5))*"'$ (],}[8 (.5$ (g],}[8 (í(kLluiL(=&%($#9+%$'"5/*&(8B)*"'5&'% (0%(B5'#"8%,(
M"*$$8%"(%&'"58&%(0*&2(+&%(#K*,+/*&(0%(,5(2*B)*$8/*&(278B89+% (0%$ ($#08B%&'$ ('"5&$)*"'#$(
K%"$(0%$ ("5))*"'$ (],}[8 (0%(),+$ (%&(),+$(#,%K#L( :5 (08T#"%&2%(%&'"% (,5 (2*B)*$8/*&(%&'"%(,5(
2"*m'% (78B5,56%&&%(%'(,%$($#08B%&'$(0+(;5&M% ()%"B%'(0*&2( 0\%$/B%"()5"( .8,5&(0%(B5$$%(
M#*278B89+%(9+-%&K8"*&(lk(p(0+(o+D($#08B%&'58"%(78B5,56%&(%$'("%'%&+%(05&$(,5 (),58&%(0+(
;5&M%(C(,-7%+"%(52'+%,,%L

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~q



#$%&'()*+,()-$.)/0&-$/&$12/)34,/)$/0)$50).15,6$
5&.7&(18&2$&9$41:)4$()-1.)2/(;$,77615,8&2$/&$/0)$<,23,$

+,(12

<55"'%&( :=!>?@!WF( G7"8$/5&( H@]4G?I:]4z@1!F( A#"JB%( :]^Å!F( A+,8%&( Xz=GW?`%CAF( ^5,8%"(
;]:dBF(H"5&Z*8$(<Åc3^3?@%F(A#"JB%(;]3::]@1?c%F(X"+&*(:]@c3;?[EC$A%5&I:*+8$(<=;43?@@L

!G@!;IG4@[F(lv("+%(4*'"%(15B%(0%$(!5+K"%$F((vrvkl(^5&0*%+K"%(,%$(45&26F(H@L
%3!;F(l("+%(A+$$8%+F(uvjq�(!5"8$F(H@L
A;H`IW%,B7*,'Q(`%&'"+B(!*'$05BF(c%,%M"5P%&.%"M(!*'$05B(lrruqF(1?L
BÉ**0$(W*,%(z2%5&*M"5)782( 3&$/'+/*&F(1%)5"'B%&'(*P(<5"8&%(G7%B8$'"6(5&0(;%*27%B8$'"6F (q~k(É**0$(W*,%(
@0LF(É**0$(W*,%F(<](kjvrqF(=[]L
E:?<F(lv(]K%&+%(0+(G75"B*8$F(vrvkk(^5&0*%+K"%I,E$I45&26F(H@L
@3[c%""%F(lq�l("+%(0%(,5(!8$28&%F(q�rkk([58&'I<5"/&(0-WE"%$F(H@L

ñ(G*""%$)*&08&M(5+'7*"b
B,+)Y%"ö2")ML2&"$I&5&26LP"(Ç(c%,b(gÑqqi(q(�q(vs(rj(jq

*+,-./0-#

"#$%J',4'%H3A$)%3+%6,$%6<%.#$%B'3,%56,A$86)+%6<%+$-3B$,.+%0)6-*5$-%@8%N3B'('8',%$)6+36,!%
C$.$)B3,3,4%.#$%P*T%6<%$($B$,.+%.)',+06).$-%.#)6*4#%.#$%+8+.$B%3+%$++$,;'(%.6%*,-$)+.',-%
.#$% -8,'B35+%6<% .#$%@'+3,!% "#3+% 3+%#'B0$)$-% @8% .#$% 5#$B35'(% #$.$)64$,$3.8% 6<% +$-3B$,.+%
6@+$)A$-% @6.#% 3,% .#$% 1'.$)% 56(*B,% ',-% *,-$)% A')3'@($% #8-)6-8,'B35% 56,-3;6,+!% u+3,4%
E56*+;5%C600($)%/*))$,.%O)6_($)% QEC/OR%'5:*3+3;6,+%13.#%+$-3B$,.%-$0.#% 0)6_($%+'B0(3,4%
6<%.#$%J',4'%3,%M',4('-$+#%1$%@*3(-%'%+3B0($%B6-$(%.6%-$)3A$%.#$%',,*'(%P*T%',-%4)'3,%+3v$%
-3+.)3@*;6,+%6<% .#$% +$-3B$,.+!% "#$%B6-$(% +#61+%.#'.% 5'!% awL% Qx%aLR%S.%6<% +$-3B$,.+%')$%
.)',+06).$-% 6,% 'A$)'4$% $'5#% 8$')% .#)6*4#% .#$% J',4'% '.% N')3,4% M)3-4$% QM',4('-$+#R!%
S6-$(($-%'A$)'4$%+$-3B$,.% 4)'3,% +3v$% 0')'B$.$)+%CcL?% CXb% ')$%Wy% Qx%bR%',-% KWa% Qx%wR%zB%
)$+0$5;A$(8!%J)'3,% +3v$%0')'B$.$)+%')$%*+$-%.6% 3,<$)%'A$)'4$%5#$B35'(%56B06+3;6,+%6<% .#$%
+$-3B$,.+% 613,4% .6% '% +.)6,4% 4)'3,% +3v$% 5#$B35'(% 56B06+3;6,% )$(';6,!% "#$% 3,.$4)'.$-%
+$-3B$,.%P*T%3+%5#')'5.$)3+$-%@8%(61%E(r93%',-%U$r93%)';6+%.#'.%')$%5(6+$%.6%.#6+$%3,<$))$-%<6)%
.#$% N3B'('8',% 5)*+.!% "#3+% 3B0(3$+% .#'.% 6,(8% (3B3.$-% +$:*$+.)';6,% 655*)+% 3,% .#$% J',4$;5%
P66-0('3,!% % "#$% +.6)$-% +$-3B$,.% P*T% 3+% $+;B'.$-% .6% 5!'!% KL% {% 6<% .#$% 3,3;'(% N3B'('8',%
+$-3B$,.% P*T% @8% 4$65#$B35'(% B'++% @'(',5$!% "#$% '++653'.$-?% 4(6@'((8% 'A$)'4$-%
+$-3B$,.';6,% )'.$+% 3,% .#$%P66-% 0('3,% ')$% <6*,-% .6% @$% 5'!% L!LX%BBr8)% ',-% 83$(-% 'A$)'4$%
N3B'('8',% $)6+36,% )'.$%6<%5'!%L!w%BBr8)!% "#3+%+.*-8%+.)$++$+% .#$%,$$-%.6%5')$<*((8% '--)$++%
.#$%'A$)'4$%56B06+3;6,%6<%)3A$)%+$-3B$,.+%@$<6)$%+6(A3,4%(')4$I+5'($%4$65#$B35'(%@*-4$.+!

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~r

mailto:mlupker@crpg.cnrs-nancy.fr
mailto:mlupker@crpg.cnrs-nancy.fr


KR*8#./1-(651#*

@8K%"$ (),56( 5 (2%&'"5, ("*,%(8&(?5"'7\$ ()76$825, (5&0(M%*27%B825, (262,%$L( c7%6( "%08$'"8.+'%(
B5$$ ( 5&0( 27%B825, ( %,%B%&'$( 52"*$$ ( '7%( %5"'7( $+"P52% ( .6( '"5&$)*"/&M( '7%( )"*0+2'$( *P(
%"*$8*&( '*( '7% ( *2%5&$L( :5"M%( "8K%"$ ( 5"%( 5,$*( )*f%"P+, ( .5$8&( $25,%( 8&'%M"5'*"$( *P( '7%(
M%*27%B825,( 5&0( )76$825, ( 2*&/&%&'5, ( )"*2%$$%$ ( îN6($B',?% ls~�f% S');,% ',-% S$8@$52?%
lsus?% q3$)+%$.%'(F(jkksïL(c7%(5&5,6$8$ (*P($+$)%&0%0($%08B%&'$ (25""8%0(.6( "8K%"$(8$ (*P()"8B%(
8B)*"'5&2%(5$ ('7%6( )"*K80%( 8&$8M7'$ (8&'*('7%()76$825, (0%&+05/*&( "5'%$ (8&('7%(.5$8&( î$!4!%
S3((3B',% ',-% S$'-$?% ls�qï( 5&0( '7%( "%262,8&M( *P( 2*&/&%&'5,( 2"+$'( î$!4!% "'8(6)% ',-%
S5G$,,',?% ls�vf% J6(-+.$3,% ',-% |'56@+$,?% ls��ïL( <*"%*K%"F( $+$)%&0%0( $%08B%&'$ ( 5"%(
2*B),%B%&'5"6('"52%"$('*("8K%"I08$$*,K%0(o+D%$ (*P(2*&/&%&'5, ($8,825'% (f%5'7%"8&M("5'%$(5&0(
*"M5&82(25".*&(.+"85, (î$!4!%U)',5$IG',6)-%',-%C$))8?%lssuf%J'3((')-$.%$.%'(!?%lsss5f%J3+('++6,%
$.%'(!?%jkk~f%J'(8%$.%'(!?%jkkuïL(
c78$ (f*"Y( 8$(5&(5R%B)'( '*(%K5,+5'%( '7%(5K%"5M%(27%B825,(2*B)*$8/*&(*P( '7%($%08B%&'$(
'"5&$)*"'%0( .6( '7% ( ;5&M5( o+K85, ( $6$'%B( gH8M+"%( liL( ;5&M5( 8$ ( *&%( *P( '7%( '7"%%( B58&(
2*&K%6*"$F(f8'7('7%(3&0+$ (5&0('7% (X"57B5)+'"5F(*P( '7%(B5'%"85, (%"*0%0(f8'78&(W8B5,565&(
25'27B%&'$ (5&0(5$$%$$8&M('7% ('*'5, (o+D(*P(%"*0%0(B5'%"85, (8$ (2"+285, (P*"('7%(+&0%"$'5&08&M(*P(
)76$825, ()"*2%$$%$(M*K%"&8&M(B*+&'58&(M"*f'7(5&0(%"*$8*&(î$!4!%&3(($F?%lsssf% EA6*'5%',-%
M*)6A?%lss~f%M$'*B6,.%$.%'(!?%jkklf%N6-4$+%$.%'(!?%jkklïL(c7%(0%'%"B8&5/*&(*P('7%(27%B825,(
2*B)*$8/*&(*P('78$ (%"*0%0(B5'%"85, (8$ (5,$*(8B)*"'5&'('*(9+5&/P6($%08B%&'5"6(5&0(27%B825,(
.+0M%'$(5'('7% (2*&/&%&'5, ($25,%(5&0('*($)%28P6( '7%("*,%(*P(W8B5,565&('%2'*&82$ (8&('7%(M,*.5,(
,*&MI'%"B( 25".*&(262,%( î$!4!% H'8B6% $.% '(!?% ls��f% ^-B6,-?% lssjf% U)',5$IG',6)-% V% C$))8?%
lssuf%J'(8%',-%U)',5$IG',6)-?%jkklÇ(J'(8%$.%'(!?%jkkuïL(

^%"6( P%f($'+08%$ (75K% ('"8%0('*(5$$%$$('7%(8&'%M"5'%0(5&&+5, (2*B)*$8/*&(*P('7% ($%08B%&'$(
'"5&$)*"'%0('*('7%(*2%5&$L(c7%(B%5&(27%B825, (2*B)*$8/*&(*P(,5"M% ("8K%"($%08B%&'$ (8$ (*ê%&(
%$/B5'%0('7"*+M7($8B),% (5K%"5M8&M(*P(5K58,5.,% (05'5 (î$!4!%S');,%',-%S$8@$52%lsusf%q3$)+%
$.% '(!?% jkks% ',-% )$<$)$,5$+% .#$)$3,ïF( f7827( 8$ (78M7,6( 0%)%&0%&'( *&( $5B),8&M( 9+5,8'6( 5&0(
$'"5'%M6L( c7% ( ,52Y( *P( Y&*f,%0M% (*P( '7%( %D)*"'%0( 27%B825, (o+D( 25&( .% (5R"8.+'%0( '*( '7%(
08w2+,'6( '*($)5/5,,6( 5&0('%B)*"5,,6( 5K%"5M%(78M7,6( 7%'%"*M%&%*+$ ()"*)%"/%$($+27(5$ ('7%(
$%08B%&'$-( 2*B)*$8/*&( 8&(5 (M8K%&( ,5"M%( "8K%"( 275&&%,L( [8&2%( 8'( 75$ (.%%&( "%2*M&8Q%0( '75'(
$+"P52%($5B),%$ (5"% (&*'("%)"%$%&'5/K%(*P('7%(f7*,% (f5'%"(2*,+B&((î$!4!%/*);+%$.%'(!?%lsusï(
$%K%"5, ($'+08%$ (75K% (+$%0(0%)'7I$5B),8&M(B%'7*0$('*("%K%5, ($)5/5, (K5"85.8,8'6( 8&($%08B%&'(
275"52'%"8$/2$ ($+27(5$(M"58&I$8Q% (5&0(27%B825, (2*B)*$8/*&(î$!4!%N6)613.v%',-%^()352?%ls�uf%
93,4#%',-%U)',5$IG',6)-F(jkkjf% U3(3v6('%',-%J*86.?%jkkrf% J'(8% $.%'(!?%jkkuf% M6*5#$v%$.%'(!?%
jklkF( jkll5F( jkll.ïL( c78$ ( K5"85.8,8'6( 8$( '7%( "%$+,'( *P( 760"*06&5B82( $*"/&M( '7"*+M7( '7%(
2*B.8&%0(%T%2'( *P(0*f&f5"0($%R,8&M( P*"2%$ (5&0(+)f5"0('+".+,%&'( P*"2%$ (%D%"'%0(*&('7%(
$%08B%&'$(f7827('%&0$ ('*(%&"827('7%(.*R*B(*P('7% (f5'%"(2*,+B&(8&(2*5"$%($%08B%&'$ (f78,%(
'7%($+"P52%(8$(%&"827%0(8&(O&%(B5'%"85,L(

X+8,08&M(+)*&(2,5$$825, ()"8&28),%$(*P($+$)%&$8*&(5&0('"5&$)*"'(f%(5R%B)'( '*(B*0%,(
'7%(5K%"5M%(M"58&($8Q%(*P('7%(;5&M5("8K%"($%08B%&'(o+D%$L(c7%(5K%"5M%(M"58&($8Q%(8$ ('7%&(+$%0(
'*(8&P%"( '7% (27%B825, (2*B)*$8/*&(*P( '7%(;5&M5($%08B%&'(o+D( 5&0(25&(.%(P+"'7%"( +$%0( 8&(
M%*27%B825,( .+0M%'$L( z+"( 5))"*527( 8$ (.5$%0( *&( 0%'58,%0( $5B),8&M( *P( ;5&M5 ($%08B%&'$(
'7"*+M7('7%(f5'%"( 2*,+B&(0+"8&M(B*&$**&($%5$*&( +&0%"( K5"85.,%("8K%"( $'5M%F( 2*B.8&%0(
f8'7(f5'%"(K%,*28'6(B%5$+"%B%&'$L

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~v



SR*T$%24&#A*+./$.)A"*$#-*$#$4"56$4*%).31-+

jLlL(c7%(;5&M5(o+K85,($6$'%B(

c7%(7%50f5'%"$ (*P('7%(;5&M5 (.5$8&(5"% (B58&,6( 2*B)*$%0(*P(B5S*"('"5&$IW8B5,565&(
@8K%"$ ('75'( )"*0+2%(B*$'(*P('7%($%08B%&'( ,*50(8&('7%($6$'%BL( c7%$%("8K%"$ (0"58&('7%(P*+"(
B58&(M%*,*M825, (+&8'$('75'(%D'%&0(5,*&M('7% (%&/"%(W8B5,565&(5"2(gP"*B(4*"'7('*([*+'7b('7%(
G5B."85&( '*( ?*2%&%( B5"8&%( $%08B%&'5"6( "*2Y$ (*P( '7% (c%'765&( [%08B%&'5"6( [%"8%$F( c[[Ç(
$278$'( 5&0(M&%8$$ (*P('7%(W8M7(W8B5,565(G"6$'5,8&%$F(WWGÇ( ,*fIM"50%(B%'5I$%08B%&'$ (*P('7%(
:%$$%"( W8B5,565F(:WÇ( 5&0(c%"/5"6(B*,5$$%(0%)*$8'$ (*P( '7%([8f5,8Y$F(2LPL(J',++$)( îls~rïÇ( G$%
U6).?%îlsuvïiL(]ê%"(B*"% ('75&(lkkk(YB(*P('"5&$8'('7"*+M7('7%(3&0*I;5&M%/2(o**0),58&F('7%(
;5&M5(B%"M%$ (f8'7('7%(X"57B5)+'"5 (8&(X5&M,50%$7F( '*(P*"B('7%(,*f%"(<%M7&5 ('75'(o*f$(
8&'*('7%(X56( *P( X%&M5,L( c7%(3&0*I;5&M%/2( o**0),58&(8$('7%($+"P52%(*P( 5(P*"%,5&0(o%D+"5,(
.5$8& (0%K%,*)%0( 5'( '7%(W8B5,565&($+.0+2/*&(P"*&'( 5&0(8$(O,,%0(.6( $%K%"5, (Y8,*B%'%"$ (*P(
$%08B%&'$( %"*0%0( P"*B( '7%( W8B5,565&( "5&M%( îG86,I/'$,% ',-% S6(,')?% ls�vïL( 3&( '7%(
o**0),58&F( '7% (;5&M5(5,$*("%2%8K%$ (2*&'"8.+/*&$(P"*B( "8K%"$(0"58&8&M( '7% (3&085&($78%,0('*(
'7%($*+'7(*P('7%(3&0*I;5&M%/2(),58&(5&0()5"'(*P('7%(1%225&('"5)$L(c7%('*'5, (0"58&5M%(5"%5(*P(
'7%(;5&M5 (2*K%"$ (lLk~( B8,,8*&(YB%( *P(f7827(lup( ,8%$( 8&( '7% (W8B5,565F( qvp( 8&('7%(3&085&(
$78%,0(5&0(r�p('7%(;5&M5(),58&(îH'6?%lsusïL

c7%( 5&&+5, (f5'%"( 08$275"M% (*P( '7%( ;5&M5 ( 8&( X5&M,50%$7( gW5"08&M( X"80M%i( K5"8%$(
.%'f%%&( juk( 5&0( r~k( YBA}6"( f8'7( 5&( 5K%"5M%( K5,+% ( *P( qvj( YBA}6"$ 522*"08&M( '*( '7%(
X5&M,50%$7(H,**0( H*"%25$/&M( 5&0(É5"&8&M(G%&'%"% gHHÉGi%5&0(É5'%"( @%$*+"2%$ (!,5&&8&M(
z"M5&8Q5/*&( gÉ]@!zi( 760"*,*M825, ( 05'5L( c7%( 760"*M"5)7( 8$ ( $'"*&M,6( 8&o+%&2%0( .6(
B*&$**&5, ("58&P5,,$ (gA+&%I[%)'%B.%"iF(f7827(522*+&'(P*"(B*$'(*P('7%(08$275"M%L(].*+'(vrp(
*P( '7%(;5&M5 ('*'5, (08$275"M% (8$(0%"8K%0(P"*B(W8B5,565&(25'27B%&'$ (f7%"%()"%28)8'5/*&(8$(
%&75&2%0(0+%('*(*"*M"5)782(%T%2'$ (f78,%($*+'7%"&('"8.+'5"8%$ (522*+&'(*&,6( P*"(jjp(*P('7%(
'*'5, (08$275"M%(îH'6?%lsusf% 93,4#%$.%'(!?%jkk�ïL( ([%08B%&'(o+D( P*,,*f$(5 ()5R%"&($8B8,5"( '*(
'75'(*P(08$275"M%(.+'(f8'7(svp(*P( '7%($+$)%&0%0(B5R%"(o+D(.%8&M('"5&$)*"'%0(0+"8&M('7%(
B*&$**&()%"8*0(îH9O?%lss~f%>+('B%$.%'(!?%lsssf%>+('B%',-%|'B',?%jkk~ïL(

3&( *"0%"( '*( 0*2+B%&'( $%08B%&'( 9+5,8'6( 5&0( 27%B825, ( 2*B)*$8/*&( 5$ ( 5 ( P+&2/*&( *P(
760"*06&5B82( 2*&08/*&$F( f5'%"( K%,*28'6( B%5$+"%B%&'$( 5&0( $%08B%&'( $5B),8&M( f%"%(
)%"P*"B%0(*&( '7% (;5&M5 (8&(X5&M,50%$7(0+"8&M( '7%(B*&$**&(8&( jkkjF( jkkrF( jkkvF( jkkuF(
jkk�(5&0(jklkL( (c7%($%2/*&($5B),%0(8$ (,*25'%0(8BB%085'%,6(0*f&$'"%5B(*P(W5"08&M(X"80M%(
g4jrLk~rláF(?�sLkj~jái(&%5"('7% (H,**0(H*"%25$/&M(5&0(É5"&8&M(G%&'%"(760"*,*M825,($'5/*&(
õsk(g0%'58,%0(B5)(25&(.%(P*+&0(8&(]))%&08D(]liL(c78$ ($%2/*&(8&'%M"5'%$(5,,('"8.+'5"8%$(*P('7%(
;5&M5(5&0(8$ (,*25'%0(25L(�k(YB(+)$'"%5B(*P('7% (2*&o+%&2%(f8'7('7% (X"57B5)+'"5 (gH8M+"%(liL(
1%)%&08&M(*&('7%(f5'%"(,%K%,F('7%(f80'7(*P('7% ("8K%"( "5&M%0(P"*B(l('*(j(YB(5&0(B5D8B+B(
0%)'7("%527%0(jk(BL(

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~~



jLjL(]1G!(05'5(529+8$8/*&

! c7%( K%,*28'6( 08$'"8.+/*&( 8&( '7%(f5'%"( 2*,+B&(f5$(B%5$+"%0( 2*&/&+*+$,6( 0+"8&M(
$%08B%&'($5B),8&MF(%D2%)'( P*"('7% (jkkj(25B)58M&F(+$8&M(]2*+$/2(1*)),%"(G+""%&'(!"*O,8&M(
g]1G!b(@8*(;"5&0%F(@1(3&$'"+B%&'$F(ljkkYWQi(B*+&'%0('*('7% ($80% (*P('7% (.*5'(î$!4!%U3(3v6('%
',-%J*86.F(jkkrf%S*+.$%$.%'(?%jkkrïL( ^%,*28'6(B%5$+"%B%&'$ (f%"% (529+8"%0(%K%"6( l( '*(j( $(
f8'7( 5 ( K%"/25, ( "%$*,+/*&( *"( .8&( $8Q%( *P( kLjv( '*( j( B( 0%)%&08&M( *&( '7%( 8&$'"+B%&'-$(
2*&OM+"5/*&L(]008/*&5,,6F(P+,, ("8K%"('"5&$%2'$(f%"% ("%2*"0%0(.6(2"*$$8&M('7%("8K%"(&*"B5, ('*(
'7%(o*f('*(B%5$+"%('*'5, (f5'%"(08$275"M%L(1+"8&M('7%(jkkuF(jkk�(5&0(jklk(25B)58M&$ (5(;![(
f5$(+$%0(8&(2*B.8&5/*&(f8'7('7% (]1G!('*(2*""%2'(P*"()*$$8.,%(B*K8&M(.%0(.85$L(<*K8&M(.%0(
.85$ (*22+"$ (f7%&( '7%( .*R*B( 0%'%2'%0( .6( '7% (]1G!( 8$( B*.8,%F( f7827( '%&0$( '*( +&0%"I
%$/B5'%('7% (5.$*,+'%(f5'%"(K%,*28/%$ (î/'((Z-$%$.%'(!?%jkkkf%S*+.$%$.%'(!?%jkkrf%}6+.'+5#*2%$.%
'(!?% jkkvf% J'$*B',% ',-% |'56@+$,?% jkk~f% S*$(($)% ',-% &'4,$)?% jkkuïL( X%P*"% (jkkuF( '7%(
K%,*28'6( 05'5 (f%"% (2*""%2'%0(P*"( '78$ (.85$L( c7%(2*""%2/*&( 8$ (0%'58,%0(8&($%2/*&(gqLlLliL( 3&(

`+>1)'52T345 /5W60"*,*M825,( $%ú&M(*P( '7%(;5&M5(.5$8&( 5&0(:5&0$5'( 8B5M%(*P('7%($5B),8&M(Q*&%L(
@8K%"( $%08B%&'( 0%)'7( $5B),8&M$( f%"%( )%"P*"B%0( 0+"8&M(B*&$**&( jkkjF( jkkrF( jkkvF (jkkuF(
jkk�(5&0(jklk(*&('7%(;5&M5(0*f&$'"%5B(*P(W5"08&M(X"80M%(8&(X5&M,50%$7L

Delhi

Varanasi Patna

Dhaka

Kolkata

Kathmandu

Ganga  
Harding Bridge
N24.0641°
E89.0262°

Ghaghara

Gandak

Ko
si

Ganga

Yam
una

Ganga

BrahmaputraChambal

!"

!"

#"

#"

$"

%"

$"

%"

!"#$"
%# &

'(

)*"+,
"-.

&'()*

3000 m

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~u



jklk( '7%( 5008/*&( *P( 5 ( 0%)'7( $*+&0%"( gc"8'%27( !]jkki( 8&2"%5$%0( '7%( .*R*B( 0%'%2/*&(
)"%28$8*&(5&0(8B)"*K%0('7%(*K%"5,,(05'5(9+5,8'6L(

jLqL([%08B%&'($5B),8&M

[5B),8&M( f5$ ( 0*&%( &%5"( '7%( 0%%)%$'( )5"'( *P( '7%( B58&( 275&&%, ( f7%"%( f5'%"(
K%,*28/%$ (5"%('7%(78M7%$'L( 3&(jkkv( 5&( 5008/*&5, (,5'%"5, ($5B),8&M(f5$ (0*&%(+&0%"( $,*f%"(
f5'%"( K%,*28/%$( gjkkv.iF( 5&0( 8&( jkk�( '7% ( ;5&M5( f5$( $5B),%0( q( /B%$F( 0+"8&M( 6%5",6(
B5D8B+B(08$275"M%(gjkk�5i(5&0(lv(5&0(qk(056$ (,5'%"F(0+"8&M(P5,,8&M(f5'%"( ,%K%, (gjkk�.(5&0(
jkk�2F( "%$)%2/K%,6iL( ],'7*+M7( '7%( $5B),8&M( f5$ ( $6$'%B5/25,,6( )%"P*"B%0( 0+"8&M( '7%(
B*&$**&F('7%(08T%"%&'($5B),8&M(25B)58M&$ (2*K%"(K%"6(2*&'"5$'%0(760"*,*M825, ("%M8B%$ (f8'7(
08$275"M%$( "5&M8&M( P"*B( qukk( '*( rr�kk( BA}$F( '7%( ,5'%"( .%8&M( 2,*$%( '*( B5D8B+B( 058,6(
08$275"M%(*P( '7%(;5&M5(gH8M+"%(jiL(!5"'( *P('78$ ($5B),8&M(75$ (5,"%506(.%%&(+$%0('*(%$/B5'%(
'7%(o+D( 5&0(P5'%(*P()5"/2,% (*"M5&82(25".*&(8&('7%(W8B5,565&(.5$8&(îJ'(8%$.%'(%jkku?%jkk�5?%
jkk�.ïF( '*(8&P%"($%08B%&'('"5&$P%"(/B%$ (+$8&M(=I$%"8%$ (08$%9+8,8."8+B(îJ)',$.%$.%'(!?%jklkïF(
'*($'+06(B8&%"5,*M825,($%M"%M5/*&(8&('7%(f5'%"(2*,+B&(îJ')v',;%$.%'(!?%jkllïL((

[%08B%&'$(f%"% ($5B),%0(5'(08T%"%&'(0%)'7(8&('7% (f5'%"(2*,+B&(P*"(5 ($8&M,% (,*25/*&(
5&0(056L(H"*B(5(,*25, (.*5'F( '7% ()*8&'( $5B),%"( f5$ (,*f%"%0(f78,% ('7%(%&M8&%(f5$ ($7+'(*T(
5,,*f8&M('7%(.*5'( '*(0"8ê(f8'7('7% (2+""%&'( 0+"8&M('7%(/B%(&%%0%0('*("%2*K%"('7%($5B),%L(
c7%(.*5'(f5$("%)*$8/*&%0('*(8'$ (*"8M8&5,()*$8/*&(.%P*"%(529+8"8&M('7%(&%D'($5B),%(5&0('78$(
)"*2%0+"%( f5$ ( "%)%5'%0( +&/, ( '7%( f7*,% ( f5'%"( 2*,+B&( 750( .%%&( $5B),%0( 50%9+5'%,6(

`+>1)'52T3B5 /5W60"*M"5B$(*P('7%(;5&M5(5'(W5"08&M(X"80M%(gX5&M,50%$7i( P"*B(ls�k( '*(jkkr(P*"( '7%(
B*&'7$( *P(])"8,( '*(1%2%B.%"( gX5&M,50%$7(É5'%"( 1%K%,*)B%&'( X*5"0( 05'5iL(]K%"5M%( 5""8K5,( 5&0(
f8'70"5f5,( 05'%$( *P( '7%( $+BB%"(B*&$**&( *K%"( X5&M,50%$7( 5"%( lk'7( *P( A+&%( ù( �'7( *P( z2'*.%"F(
"%$)%2/K%,6(îY9%&2(012(f0#%0\0#F (lssqïL(['5"$(B5"Y($5B),8&M(05'%$(5&0("%$)%2/K%(M5+M%0(f5'%"(
7%8M7'( *P( '7%( ;5&M5L(<%5$+"%0( ]1G!( f5'%"( 08$275"M%$( 5"%( 8&0825'%0( f7%&( P+,,( '"5&$%2'$(f%"%(
)%"P*"B%0L

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-

~�



g]))%&08D(]liL(;"%5'( 25"%(f5$('5Y%&('*("%)*$8/*&('7% (.*5'('*('7%($5B%(,*25/*&(.%'f%%&(
%527($5B),%L(c7%$% ()"*2%0+"%$ (f%"% (50*)'%0(P*"()"52/25, ("%5$*&$ (%K%&('7*+M7(8'(0*%$(&*'(
5,,*f(25)'+"8&M('7% (8&$'5&'5&%*+$ ($%08B%&'(2*&2%&'"5/*&(08$'"8.+/*&(8&('7%(f7*,%(f5'%"(
2*,+B&L

c7%($5B),%"(+$%0(0+"8&M('7%(jkkuF( jkk�( 5&0(jklk(25B)58M&$(8$ (5 (7*"8Q*&'5, (48$Y8&(
'6)% (.*R,% (2*B)5"5.,%('*('7*$%(+$%0(*&( '7%(]B5Q*&(.6( U3(3v6('% ',-% J*86.F( îjkkrï( 5&0%
M6*5#$v%$.%'(!F( îjklkïL(3'(5,,*f$ ($5B),8&M(*P(5&(5))"*D8B5'%(K*,+B%(*P(25L(v(,8'%"$ (*P(f5'%"(
5&0(2*&$8$'$ (*P(5 (),5$/2('+.%(g80b(ílr(2BF(:b(írk(2Bi(*)%&(5'(.*'7(%D'"%B8/%$(5&0(B*+&'%0(
*&(5&(5,+B8&+B(P"5B%L(](f%8M7'(*P(jk(YM(8$ (5R527%0(.%,*f('7%(P"5B%(5&0(5 (O&(%&$+"%$('75'(
'7%($5B),%"( '+.%(8$ (Y%)'( 7*"8Q*&'5, (5&0()5"5,,%, ('*('7% ($'"%5B,8&%$L( ]( )"%$$+"%('"5&$0+2%"(
5R527%0('*('7%(P"5B%(*P('7%($5B),%"(B*&8'*"$ (8'$ ("%,5/K%(0%)'7L(z&2%('7% (0%$8"%0(0%)'7(8$(
"%527%0(.*'7(0**"$ (*P('7%($5B),%"(5"%(2,*$%0($8B+,'5&%*+$,6(+$8&M()&%+B5/2(52'+5'*"$ (5&0(
'7%($5B),%"( 8$( ,8ê%0(.52Y(*&.*5"0L( c7% ($5B),%( 8$ ('7%&( '"5&$P%""%0( 8&(5 (),5$/2( 2*&'58&%"F(
)568&M( 5R%&/*&( '*( "%2*K%"( 5&6( )5"/2,%$ (,%ê( 8&('7%($5B),%"L( !"8*"( '*(jkku( $5B),8&M(f5$(
)%"P*"B%0(+$8&M(5 (K%"/25, (.*R,%($5B),%"( '75'(f5$ ($+.B%"M%0(5&0(*)%&%0(5'('7%(0%$8"%0(
0%)'7L(G*B)5"5/K%('%$'$($7*f%0('75'(.*'7(B%'7*0(68%,0($8B8,5"($5B),%$L(

]008/*&5,,6F( $%08B%&'$( f%"%( $5B),%0( f8'7( M"%5'%"( K%"/25, ( "%$*,+/*&( &%5"( '7%(
.*R*BF(5'(K5"8*+$ (),52%$ (8&('7% ("8K%"( 275&&%, (8&(jkku(5&0(jkk�('*(0*2+B%&'(&%5"(.*R*B(
$+$)%&0%0($%08B%&'$L( c7%$%($5B),%$ (f%"%(529+8"%0(+$8&M(5('"8),%($5B),%"( 2*&$8$/&M(*P(q(
7*"8Q*&'5, (l:( 48$Y8&( '6)%(.*R,%$($)52%0(.6( kLv(B(5&0(5,, (B*+&'%0(*&( 5("8M80(P"5B%L( c7%(
.*R,%$ ( 5"% ( )&%+B5/25,,6( 2,*$%0( f7%&( '7%( $5B),8&M( 0%K82%( 78'$ ( '7%( .*R*BF( 5,,*f8&M(
$5B),8&M(*P($+$)%&0%0($%08B%&'$(5'(25L(lkF(~k(5&0(llk(2B(5.*K%('7%(.*R*BL(

H8&5,,6F(.*R*B($%08B%&'$(gUX%0,*50Vb(X:i(f%"%(5,$*(0"%0M%0F(f7%&()*$$8.,%F(5'('7%(
$5B%(,*25/*&(5$ ('7%(K%"/25, ($+$)%&0%0(,*50()"*O,%$ (+$8&M(25L(lv(2B(8L0L($'58&,%$$ ($'%%, ('+.%(
'75'(f5$(,*f%"%0('*('7%("8K%".%0L

jLrL(G7%B825,(5&0(M"58&($8Q%(5&5,6$8$

É8'78& (lj( '*(r�7(*P(2*,,%2/*&F('7%($%08B%&'($5B),%$ (f%"%(O"$'(f%8M7%0(5&0('7%&(
O,'%"%0('7"*+M7(kLjj(ëBF(sk(BB(ûF(!*,6(?'7%"([+,)7*&%(g!?[i(O,'%"$ (8&(5()"%$$+"8Q%0(c%o*&(
2*5'%0(O,'"5/*&(+&8'L( =&/,(jkku( '7% ($%08B%&'$ (f%"%("%B*K%0(P"*B( '7%(O,'%"( +$8&M( $B5,,(
5B*+&'$(*P()"%IO,'%"%0("8K%"( f5'%"( 5&0( '7% ($%08B%&'If5'%"(B8D'+"% (f5$($'*"%0( 8&(/&'%0(
.*"*$8,825'%( .*R,%$L( 3&( '7% ( ,5.( '7%$%( .*R,%$( f%"%( 0%25&'%0( 0+"8&M( $%K%"5, ( 056$F( '7%(
$+)%"&5'5&'()8)%R%0(*+'(5&0('7%("%B58&8&M($%08B%&'$ (0"8%0(5'(vkáG(.%P*"%(.%8&M(f%8M7'%0L(
]ê%"( jkku( '7%(O,'%"$(f8'7($%08B%&'$ (f%"%($'*"%0(8&(58"/M7'()*,6%'76,%&%($5B),%(.5M$L(3&(
'7%( ,5.( '7%( $%08B%&'$( f%"%( P"%%Q%I0"8%0( .%P*"% ( .%8&M( $%)5"5'%0( P"*B( '7%( O,'%"( 5&0(
f%8M7'%0L( 4*( 08T%"%&2%( 8&( 27%B825, ( 2*B)*$8/*&F( M"58&I$8Q%( *"( 5$)%2'( f5$ ( *.$%"K%0(
.%'f%%&( '7% ( 'f*( B%'7*0$ ( 0%$2"8.%0( 5.*K%L( ]ê%"( 0"68&MF( '7%( $%08B%&'$ ( f%"% ( M%&',6(
08$5MM"%M5'%0(8&(5&(5M5'% (B*"'5"F(5K*808&M(2"+$78&M(5&0(7%&2%(275&M8&M('7%(M"58&($8Q%(*P('7%(
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2*""%$)*&08&M(5B*+&'(*P(f5'%"("%2*K%"%0(.6('7%($5B),%"L(

<5S*"( 5&0('"52% (%,%B%&'( 2*&2%&'"5/*&$(f%"%(B%5$+"%0(.6( 3G!I]?[(5&0(3G!I<[(5'(
[%"K82%( 0-]&5,6$% ( 0%$ ( @*27%$ ( %'( 0%$ ( <8&#"5+D( g[]@<( ù( G@!;F( 45&26IH"5&2%i( *&( .+,Y(
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ls�uf% /')34,',% $.% '(!?% jkklïL( @%,5/K%( +&2%"'58&'6( P*"( B5S*"( %,%B%&'5, ( 2*&2%&'"5/*&( 8$(
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&*'("%2*"0(5&6( $75)%(8&P*"B5/*&(*P( '7%()5"/2,%$ (B5Y8&M( '7%B()**"()"%082'*"$ (*P($%R,8&M(
K%,*28/%$ (îS5/'A$% $.% '(!F( jkk~ïL( c78$ (0*%$(&*'( 275&M%('7%( 2*&2,+$8*&$(*P( '78$ (f*"Y( .+'(
$7*+,0(.%(Y%)'(8&(B8&0(P*"(P+"'7%"(2*B)5"8$*&L
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(

qLlLlL(G*""%2/*&(P*"(B*K8&M(.%0(.85$

X6( 2*B)5"8&M(f5'%"( K%,*28/%$(B%5$+"%0($8B+,'5&%*+$,6F("%P%"%&2%0('*('7% (.*R*B((
gXc(B*0%i(5&0('*('7%(;![( )*$8/*&( g;![(B*0%i( 8'( 8$()*$$8.,%( '*( 8&P%"( '7%(K%,*28'6( *P( '7%(
B*K8&M(.*R*B(,56%"( b(AMG% n%AJO9% I%AM"( î/'((Z-$%$.%'(!?%jkkkf% H$,,3$%$.%'(!?%jkkjf%H$,,3$%',-%
q3((')-?%jkkrïL(]1G!( 05'5(529+8"%0(8&(jkk�(5&0(jklk( $7*f$('75'( P*"( ,5"M%(08$275"M%$ (5&0(
78M7(f5'%"( K%,*28/%$F( '7% (.*R*B(0%'%2'%0(.6( '7% (]1G!( 8$(B*K8&M( gH8M+"%(qiL( H*"( 0%)'7I
5K%"5M%0(f5'%"( K%,*28'6( $B5,,%"( '75&(lLl(B}$ (&*($8M&8O25&'(B*K8&M(.%0(f5$(0%'%2'%0(.+'(
5.*K% ('78$ ('7"%$7*,0('7%(B%5$+"%0(K%,*28/%$ (8&(;![(B*0%(5"% ($8M&8O25&',6(78M7%"('75&(8&(Xc(
B*0%( $7*f8&M( '75'( '7%( 0%'%2'%0( .*R*B( f5$( B*K8&ML( c78$ ( 5))5"%&'( B*K8&M( .%0( f5$(
%$/B5'%0(7%"% ('*(2*""%$)*&0('*(8&28)8%&'($7%%'(o*f(.%0(,*50('"5&$)*"'( g$%%(]))%&08D(]qi(
5&0("%527%$(+)('*(lLv('*(j(B}$L(c7% (%B)8"825, ("%,5/*&(.%'f%%&(0%)'7I5K%"5M%0(K%,*28'6( 8&(
Xc(5&0(;![(B*0%$ (0%0+2%0(P"*B('7%(jkk�(5&0(jklk(]1G!(05'5 (f5$ (+$%0('*(2*""%2'(]1G!(
05'5 (P*"(f7827(&*(;![(f5$ (+$%0L(c78$ (2*""%2/*&(8$ ($8M&8O25&'(P*"(78M7(f5'%"(,%K%,$(5&0(,%50$(
'*(5(rk(p(08$275"M%(+&0%"%$/B5/*&(8P(&%M,%2'%0L
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qLlLjL(@8K%"(K%,*28'6()"*O,%$(5&0(08$275"M%

;5&M5(f5'%"( ,*25, (K%,*28/%$ ("%527(r(B}$(0+"8&M()%5Y(o**0(gjkk�5i(5&0(0"*)('*(,%$$(
'75&(l(B}$(5'(,*f%"(f5'%"( ,%K%,$ (gjkk�2(5&0(jklki(gH8M+"%(riL(z+"(08$275"M%(B%5$+"%B%&'$(
5&0($5B),8&M$ (2*K%"(B*$'(B*&$**&($'5M%$ (*P('7%(76M"*M"5)7(gH8M+"% (jiF( P"*B("8$8&M(f5'%"(
,%K%, ( '*( )%5Y( o**0( 5&0( P5,,8&M( f5'%"( ,%K%,L( c7%( B5D8B+B( 08$275"M% (*P( '7%( ;5&M5 (f5$(
B%5$+"%0(0+"8&M(5+M+$'(jkk�(f8'7(5(B*0+,+$ (*P(rr�kk(BA}$ (P*"(5 (M5+M%0(f5'%"(,%K%,(*P(lqL�(
BF( 2*&$8$'%&'( f8'7( '7%( í( r~( kkk( BA}$( 08$275"M%( 0%0+2%0( P"*B( '7%( X5&M,50%$7( É5'%"(
1%K%,*)B%&'(X*5"0(gXÉ1Xi("5/&M(2+"K%(P*"('7%($5B%(f5'%"(,%K%,L(

qLlLqL(^%"/25,(K%,*28'6()"*O,%$

]1G!(B%5$+"%B%&'$ (f%"%(+$%0('*(0*2+B%&'('7%(,*25, (760"*06&5B82(2*&08/*&$('75'(
)"%K58,%0(0+"8&M($%08B%&'($5B),8&ML(c*(5K*80('7%(8&o+%&2% (*P(,*25, ()%"'+".5/*&$F('7%(]1G!(
$8M&5, (f5$ (5K%"5M%0( *K%"( qk( %&$%B.,%$( grk( '*( uk( Bi( '*( *.'58&( 5("%)"%$%&'5/K% (K%,*28'6(
)"*O,% (P*"(%527($%08B%&'($5B),%L(](2*B)*$8'% (K%"/25,(K%,*28'6()"*O,%(f5$ ('7%&()"*0+2%0(.6(
$'52Y8&M('7% (8&08K80+5, (K%,*28'6()"*O,%$ (*P(5,,($5B),%$ (2*B)*$8&M('7% (K%"/25, ()"*O,%(gH8M+"%(v(

`+>1)'52T3P5/5É5'%"(K%,*28'6(08$'"8.+/*&(*P('7%(;5&M5(5'(W5"08&M(X"80M%L(̂ %,*28'6(f5$(529+8"%0(f8'7(
5&(]1G!(B*+&'%0(*&('7%($80%(*P('7%(.*5'(5&0("%P%"%&2%0('*('7%(;![()*$8/*&L(5L(;5&M5($%2/*&(*P(
kl}ks}jkk�(0+"8&M(78M7(o*f(f8'7(B5D8B+B(K%,*28/%$(*K%"(r(B}$L(<%5$+"%0(08$275"M%(f5$(rr�kk(
BA}$L(.L(;5&M5($%2/*&(*P(k�}ku}jklk(0+"8&M(,*f(o*f(2*&08/*&$( gK%,*28'6(ç(lLv(B}$iL(<%5$+"%0(
08$275"M%(f5$(qukk(BA}$L

Water velocity (m/s) - Ref : GPS
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460 930 1390 1860

330 670 1010 1350

GANGA - Harding Bridge
01/09/2008
Q = 44 800 m3/s

GANGA - Harding Bridge
08/07/2010
Q = 3 700 m3/s
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5&0( $+)),%B%&'5"6( 05'5(O,%(c5.,% ([liL( c7%(+&2%"'58&'6( 8$ ()"*)5M5'%0( P"*B( '7%( $'5&05"0(
0%K85/*&(*P( 5,, (%&$%B.,%$ (+$%0( P*"( 5 ($5B),%0(K%"/25, ()"*O,%(5&0('7%(+&2%"'58&'6( 8&('7%(
B*K8&M(.%0(2*""%2/*&(f7%&(5)),825.,%(g$%%($%2/*&(qLlLliL(
( c7%(760"*06&5B82(2*&08/*&$ ()"%K58,8&M(0+"8&M($5B),8&M(25&(.% (0%'%"B8&%0('7"*+M7(
'7%($7%5"(K%,*28'6( g*pi(*P('7% (f5'%"(2*,+B&L([7%5"(K%,*28'6(8$(,8&Y%0('*('7%(.5$5,($7%5"($'"%$$(
ü"('7"*+M7(*p%n%QüLr†RKrWF(f8'7(†('7% (o+80(0%&$8'6L(W%"%F(*p(8$ (0%"8K%0(P"*B('7% (0%)'7I5K%"5M%(
K%,*28'6( ( P*,,*f8&M( %9L( gli( î&3(5652?% lss~ïF( f7827(f5$( $7*f&( '*(68%,0( 5(B*"%()"%28$%(
%$/B5/*&( *P( *p( P"*B( ]1G!( K%,*28'6( 05'5 ( '75&( +&2*&$'"58&%0( ,5f( *P( '7%( f5,, ( Oú&M(
5,M*"8'7B$(î93B$%$.%'(!F(jkkuïb

(( ( ( ( ( gli

f8'7( ('7%(K*&(>5"B5&(2*&$'5&'(g'5Y%&(5$(kLrlF(J')53'(îjkk�ïiF(N('7% (f5'%"(0%)'7(gBi(5&0($(
'7%(.5$%(*P('7%(&5'+"5, (,*M5"8'7B$(5&0(vL%'7%(.*R*B(M"58&I$25,%("*+M7&%$$L( ( 8$(0%"8K%0(.6(
Oú&M(5&0(8&'%M"5/&M(5 ()*f%"(,5f(*K%"('7%(K%,*28'6()"*O,%L(](.%0("*+M7&%$$ (*P(vL%n%L!KoCXb%ã%
qLlk:E(B(f5$(+$%0(P*"('78$(f*"Y(.5$%0(*&(5K%"5M%(M"58&($8Q%(*P('7%(0"%0M%0(.%0,*50($5B),%$(
î&#3;,4% ',-% C3$.)35#?% lsskf% 93B$% $.% '(!?% jkkuïL( c7%(B%5$+"%0(0%)'7I5K%"5M%0( K%,*28/%$(
"5&M% (P"*B(kLv(B}$(gk�}ku}jklki('*(jLu(B}$(glu}k�}jkkui(f7827(68%,0$($7%5"(K%,*28/%$ (P"*B(
kLklu('*(kLks(B}$F("%$)%2/K%,6(gc5.,%(li(2*K%"8&M(5(,5"M%("5&M%(*P(760"*06&5B82(2*&08/*&$L(

X6( +$8&M(gli(5&0('7%(vL% 8B)*$%0(.6( .%0,*50(M"58&($8Q%F(f%(8B),828',6( P*"B+,5'%('75'(
.%0($7%5"( $'"%$$ (*"8M8&5'%$(P"*B(M"58&($25,%("*+M7&%$$ (*&,6F(&%M,%2/&M(%K%&'+5, (.%0(P*"B(
"*+M7&%$$L(c7%(93B6,+%',-%H35#')-+6,( îls~~ï(085M"5B($+MM%$'$ ('75'( '7%(78M7(o*f()"*O,%$(
B58&,6(*22+"(*K%"(5&(+))%"(),5&% ('6)%(*P(.%0L(H+"'7%"B*"%F(&*(%K80%&2%(*P(,5"M%(.%0(P*"B$(
f5$(8B5M%0(.6('7% (]1G!(g%K%&(8P('7%(]1G!(.%5B$(5"%(*"8%&'%0(5'(jká(P"*B('7% (K%"/25, (5&0(
5K%"5M%('7% (.*R*B(0%)'7(*K%"(25L(jv(B%( P*"(5 (lk(B(f5'%"(0%)'7i(*"(.6( '7%(0%)'7($*+&0%"(
+$%0( 8&(jklkL( 3&2,+08&M( .%0( P*"B("*+M7&%$$ (f*+,0(5,$*( ,%50( '*(+&"%5,8$/2( *p( 5&0(f5'%"(
$+"P52%($,*)%('*(.%(5.,% ('*("%)"*0+2%('7%(B%5$+"%0(f5'%"( 2*,+B&(K%,*28'6L( É%(7*f%K%"(
"%2*M&8Q%('75'(P+"'7%"(78M7("%$*,+/*&(8B5M8&M(*P('7% ("8K%"(.*R*B(f*+,0(.%("%9+8"%0('*(P+,,6(
5&$f%"( '7% (.%0P*"B( 9+%$/*&F( .+'( $*( P5"( &*( 08"%2'( %K80%&2%(*P( '7%$%(%T%2'$ (75K% (.%%&(
P*+&0(8&(*+"( 05'5L(c78$ (*.$%"K5/*&(0*%$ (5,$*(&*'()"%2,+0% ('7%(*22+""%&2%(*P(.%0P*"B$(8&(
*'7%"(,%$$(2*&$'"82'%0("%527%$(*P('7%(;5&M5L(

Sampling date Depth
m

u ADCP
m/s

u* ADCP
m/s

D50
!m

D84
!m

qs 
kg/m/s

qb
kg/m/s

13/08/10 10.0 0.50 (± 0.24) 0.017 (± 0.008) 7 21 0.89 0.002

01/09/08 12.0 2.10 (± 0.22) 0.071 (± 0.007) 21 99 36.83 0.324

10/09/08 14.0 2.18 (± 0.29) 0.072 (± 0.010) 23 102 27.19 0.348

22/09/08 13.0 1.08 (± 0.15) 0.036 (± 0.005) 14 64 8.10 0.043

17/09/07 10.5 2.71(± 0.08) 0.092 (± 0.001) 37 141 43.55 0.676

23/07/05a 12.5 2.13 (± 0.30) 0.071 (± 0.010) 18 88 28.81 0.334

23/07/05b 11.0 1.02 (± 0.12) 0.034 (± 0.004) 11 39 10.10 0.037

13/08/04 10.0 1.84 (± 0.33) 0.063 (± 0.011) 21 92 19.96 0.232

!8<7'5 2T34/ ( 1%)'7( 5&0( 0%)'7( 5K%"5M%0( K%,*28'6( *P( '7%( $5B),8&M( K%"/25,$( 2*B)+'%0( P"*B( ]1G!(
K%,*28'6(05'5L( c7%( $7%5"( K%,*28'6(/g( f5$( 0%"8K%0( P"*B(

! 

u (+$8&M( gjiL(TcLF(TXb( 5&0( .+( g$+$)%&0%0(
$%08B%&'(o+Di(f%"%(0%"8K%0(P*"('7%($'+08%0(K%"/25,()"*O,%(P"*B('7%(0%)'7($5B),%0($%08B%&'$L
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`+>1)'52T3S5 /5G*B)*$8'%(K%,*28'6()"*O,%$( *P( '7%( $5B),%0(f5'%"( 2*,+B&$( *P( '7%(;5&M5( 5'( W5"08&M(
X"80M%L(^%,*28'6( )"*O,%$( 5"%( 0%"8K%0( P"*B( ]1G!( B%5$+"%B%&'$( )%"P*"B%0( 0+"8&M($5B),8&M( 5&0(
5,,*f%0( '7%( 25,2+,5/*&( *P( '7%(5K%"5M%(f5'%"( 2*,+B&( K%,*28/%$( g i( 5&0( '7%( $7%5"( K%,*28'6( g/gd=(
=&2%"'58&/%$( 5"%( )"*)5M5'%0( P"*B( +&2%"'58&'6( 8&( K%,*28'6( B%5$+"%B%&'$( 5&0( f7%&( 5)),825.,%(
P"*B(+&2%"'58&'6(8&(B*K8&M(.%0(2*""%2/*&(gjkkr(5&0(jkkviL
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08/07/2010
H = 10 m
ū = 0.50 ± 0.24 m/s
u* = 0.017 ± 0.008 m/s

01/09/2008
H = 12 m
ū = 2.10 
    ± 0.22 m/s
u* = 0.071 
    ± 0.007 m/s

10/09/2008
H = 14 m
ū = 2.18 
    ± 0.29m/s
u* = 0.072 
    ± 0.01 m/s

22/09/2008
H = 13 m

ū = 1.08         
± 0.15 m/s

u* = 0.036     
± 0.005 m/s

17/08/2007
H = 10.5 m
ū = 2.71 ± 0.08 m/s
u* = 0.092 ± 0.001 m/s

23/07/2005 (a)
H = 12.5 m
ū = 2.13 
   ±  0.30 m/s
u* = 0.071 
   ±  0.01 m/s

23/07/2005 (b)
H = 11 m
ū = 1.02 ±  0.12 m/s
u* = 0.034 ±  0.004m/s

13/07/2004 
H = 10 m
ū = 1.84 ±  0.33 m/s
u* = 0.063 ±  0.011 m/s
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a.
Ganga at Harding Bridge
08/07/2010

b.
Ganga at Harding Bridge
01/09/2008
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[%K%"5,("%5$*&$ (75K%(.%%&(8&K*Y%0L(H8"$'F(Ç( 8$ ($%&$8/K%('*('7% ($%08B%&'($%R,8&M(K%,*28'6( ,5f(
+$%0(5&0('7%($%R,8&M(K%,*28'6(B56( .%(*K%"%$/B5'%0(8&('7% (25$%(*P(o5Y6( 5&0(O&%(M"58&%0(
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f%"%(%$/B5'%0(5$ ('7% (5K%"5M%("%$80+5, (*P('7%(B*0%,%0(5&0(B%5$+"%0(CXb(gCcLi(5&0(o+D(*P(
%527($5B),%F("%$)%2/K%,6(ll(5&0(lj(pL(

c7%( 0%0+2%0F( M"58&( $8Q%( )5"5B%'%"$ (5&0( 8&$'5&'5&%*+$( '*'5,( $%08B%&'( o+D%$ ( 5"%(
)*$8/K%,6( 2*""%,5'%0( '*( '7%( ,*25,( 760"*06&5B82( 2*&08/*&$ ( +$8&M( 5 ( )*f%"( ,5f( '6)%( *P(

"%,5/*&b( (g)%É%L!wR%QH8M+"%(lkiL

!

"!

#!

$!

%!

&!

'!

!(!! !(!# !(!% !(!' !(!) !("!
!"#$%&'(

)
!
'*
+
,
-
+
-
#'
+
-
.%
+
,
/#
01
!
2
#3
#4
'#

$5
6
&
%
&
'(

!

%!

)!

"#!

"'!

!(!! !(!# !(!% !(!' !(!) !("!
!"#$%&'(

7
8
9
#:
#7
;
<
#$
%
(

a. b.

D84

D50

*+,+"!##!-#(#!$

.#+,+!(/& *+,+"0"%+-"(!0

.#+,+!(/&

*+,+#"'+-!()&

.#+,+!(/"

Rising stage

High !ow

Falling stage
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B}$ ( P*"( '7%( k�}ku}jklk( )"*O,%( '*( kL~�k( YM}B}$ ( P*"( '7%( B*$'( %&%"M%/2( 2*&08/*&$( *P(
lu}k�}jkkuL( G*B)5"8$*&(f8'7( '7% (8&'%M"5'%0($+$)%&0%0(,*50(o+D%$ ($7*f$ ('75'( :@( }% :+% Ñ%
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'7%($+$)%&0%0(,*50(P*"(*p(ç(kLlv(B}$ (g (ã(rLq(B}$(P*"(N(ã(lkBi(f7827("%)"%$%&'$(5 ()"*.5.,%(
+))%"(,8B8'(*P('7% (o*f(*P('7%(;5&M5(5'(W5"08&M(X"80M%L(c7%("5/*(:@(}%:+%8$ (0%)%&05&'(*&('7%(
27*$%&( '"5&$8/*&( 7%8M7'( .%'f%%&( .%0,*50( o+D( 5&0( $+$)%&0%0I,*50( o+DF( f7827( 8$( &*'(
+&8K%"$5,,6( 5M"%%0( *&F( 5$(08$2+$$%0(%5",8%"L( 4%K%"'7%,%$$F( 27**$8&M( 5 ("%P%"%&2%(7%8M7'( *P(
L!LKoN% 8&$'%50(*P( '7%(L!LLKoN( P*"('7%($+$)%&0%0(,*50(8&'%M"5/*&(5&0(Y%%)8&M(:@( 2*&$'5&'F(
*&,6($,8M7',6(8&2"%5$%$(:@(}%:+%P"*B(kLklvv('*(kLkl~v(P*"('7%(lu}k�}jkku(K%"/25,()"*O,%!(

c78$ (.%0,*50('*($+$)%&0%0(,*50("5/*(8$ (,*f%"('75&('75'(P*+&0(8&($*B%(*'7%"($5&0.%0(
"8K%"$ (f7%"% (8'(B56("%527(f%,, (*K%"(qk(p(î%LML(E@-$(%U'F'#F(jkkrÇ("*)61+23%$.%'(!F(jkksïL(É%(
%B)75$8Q% ('75'(.%0,*50(o+D%$ (P*+&0(7%"%(5"%(8&('7%($5B%(*"0%"(*P(B5M&8'+0%(5$ (8&(*'7%"(
$'+08%$ (î%LML(J'1$$+#%',-%q',%H3`,F(lssrÇ(E@-$(%U'F'#F(jkkrï(5&0('7% (,*f(:@(}%:+(5"%('7+$(
%$$%&/5,,6(25+$%0(P*"('7%(;5&M5(.6(78M7($+$)%&0%0($%08B%&'(2*&2%&'"5/*&$ (5&0(8&'%M"5'%0(
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K*,+B%$(*K%"(,5"M%(f5'%"(0%)'7L(c78$ (*.$%"K5/*&(5M"%%$ (f8'7(5 (M%&%"5, (0%2"%5$8&M('"%&0(8&(
:@( }%:+( f8'7(8&2"%5$8&M( $+$)%&0%0(,*50(2*&2%&'"5/*&$(P*+&0(8&( '7%(05'5 ($%'( 2*B)8,%0(.6(
"*)61+23%$.%'(!%îjkksïL(W*f%K%"(*+"( "5/*(25&&*'(%5$8,6(.%(%D'"5)*,5'%0('*('7% (%&/"%(;5&M5(
"%527(5$ ('7%(W5"08&M(X"80M%($%2/*&(8$ (5 ($8&M,%I'7"%50F("%,5/K%,6(&5""*f(275&&%,(2*B)5"%0(
'*( +)( 5&0( 0*f&$'"%5B( $%2/*&$L( H,*f( 522%,%"5/*&(B56( 8&2"%5$%( '7%( .%0( $7%5"( K%,*28'6(
'"5&$P%""8&M(5($8M&8O25&'(5B*+&'(*P($%08B%&'$(P"*B(.%0,*50('*($+$)%&0%0(,*50('"5&$)*"'L

rLqL(3&'%M"5/*&(*P($%08B%&'(o+D(5&0(M"58&($8Q%

rLqLlL(:5'%"5,(%D'"5)*,5/*&(*P($%08B%&'(o+D%$(5&0(M"58&I$8Q%

=$8&M( '7% (]1G!( 275&&%, ('"5&$%2'$ (f%(0%"8K%0('7%(,*25, (*p( 52"*$$('7% (275&&%, (5&0(
2*B)+'%0('7%($%08B%&'(o+D(5&0(M"58&($8Q%(522*"08&M('*(%9L( gui(gH8M+"%(lliL(X%0,*50(o+D%$(
5"%(%$/B5'%0(+$8&M(%9L(g�iL(

c7%( $%08B%&'( o+D( 8&'%M"5'%0( *K%"( '7%(f7*,%( "8K%"( $%2/*&(f5$ (2*B)+'%0(P*"( '7%(
$5B),8&M$ (*P(jkkrF(jkkuF(jkk�(5&0(jklk(f7%&(P+,, (275&&%,(]1G!('"5&$%2'$ (f%"% ()%"P*"B%0L(

`+>1)'52T3445 /5[)5/5,( 8&'%M"5/*&( *P( '7%($+$)%&0%0( $%08B%&'( o+D( g.+iF(.%0,*50( o+D( g.@i(5&0(TcL'(TXb(
M"58&($8Q%(*P( 'f*('"5&$%2'$(*P( '7%(;5&M5(5'(W5"08&M(X"80M%(gkl}ks}jkk�(5&0(k�}ku}jklkiL(c7%(0%)'7(
5K%"5M%(K%,*28'6(8$(2*B)+'%0(P"*B('7%(]1G!(K%,*28'6(68%,08&M('7%(,*25,(/g(K5,+%L(:*25,(.+F(.@( 5&0(TcL'(
TXb( 5"%(0%0+2%0( P"*B('7%(%B)8"825,,6(25,8."5'%0( "%,5/*&$(g$%%( '%D'i( 5&0( 8&'%M"5'%0( *K%"( '7%(f7*,%(
"8K%"($%2/*&('*(%$/B5'%('7%('*'5,(8&$'5&'5&%*+$(o+D(5&0(M"58&($8Q%(*P('7%("8K%"L
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Distance (m)Distance (m)

Ganga - 01/09/2008
        44 800 m3/s

Ganga - 08/07/2010
        3 700 m3/s

total qs =  7.5      Mt/day
total qb = 0.085 Mt/day

total qs = 0.1       Mt/day
total qb < 0.001 Mt/day

Integrated  D84 = 154 µm
Integrated  D50 =   49 µm

Integrated  D84 = 23 µm
Integrated  D50 =   8 µm
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c*'5, ($+$)%&0%0(o+D%$ ("%527(*K%"(u(<'}056(*P(2*5"$%($%08B%&'$ (0+"8&M(78M7(o*f(.+'(0"*)(
'*(,%$$ ('75&(kLj(<'}056(*P(O&% (M"58&%0($%08B%&'$ (f7%&('7% (f5'%"( ,%K%, (0"*)$(.6( 25L( r(BL(
3&'%M"5'%0(.%0,*50(o+D%$("%)"%$%&'(,%$$ ('75&(lkk('}056(P*"('7%(jklk($%2/*&(5&0("%527(lvk(
kkk('}056(0+"8&M(78M7(o*f(5$ (25,2+,5'%0(P*"('7%(kl}ks}jkk�($%2/*&(gc5.,%(3 L̂qiL(=&2%"'58&'6(
8&('7%(B*0%,%0(o+D%$(5&0(M"58&($8Q% (08$'"8.+/*&$(f5$()"*)5M5'%0(P"*B('7%(+&2%"'58&'6( 8&(
'7%(OR%0()*f%"(,5f(.%'f%%&(*p(5&0(:+3(+$8&M(5(<*&'%(G5",*(5))"*527L(

Sampling date Mesured Q
m3/s

Water level
m

qs
Mt/d

D50 qs
!m

D84 qs
!m

qb
Mt/d

13/08/10 3700 9.5 0.14 (± 0.02) 7.6 (± 1.4) 22.5 (± 2.9) < 0.001

01/09/08 44800 13.8 7.51 (± 0.41) 49.8 (± 6.7) 153.6 (± 9.4) 0.085

10/09/08 32000 13.2 4.46 (± 0.18) 29.6 (± 2.7) 126.9 (± 7.1) 0.051

22/09/08 18000 11.4 0.99 (± 0.05) 12.2 (± 1.0) 49.4 (± 3.5) 0.007

17/08/07 41500 13.6 6.20 (± 0.32) 45.8 (± 5.8) 150.2 (± 9.6) 0.071

13/08/04 30400 12.2 2.53 (± 0.09) 16.1 (± 1.0) 76.7 (± 4.7) 0.024

( rLqLjL(]&&+5,(8&'%M"5/*&(*P('7%($%08B%&'(o+D(5&0(M"58&($8Q%

^5"85/*&$ (8&(f5'%"( ,%K%, (5&0(08$275"M% ('7"*+M7('7%(5&&+5, (760"*,*M825, (262,%(*P('7%(
;5&M5( M*K%"&( $%08B%&'( '"5&$)*"'( 5&0( 75K%( '*( .%( 522*+&'%0( P*"( '*( 2*B)+'% ( 5K%"5M%(
$%08B%&'( o+D( 5&0( M"58&( $8Q%( *K%"( $%K%"5, ( 6%5"$L( 3&( '78$ (B*0%, ( f%( +$% ( '7%( B%5$+"%0(
760"*M"5)7(*P('7%(;5&M5(5'(W5"08&M(X"80M%('*()"%082'(O"$'(*"0%"(K5"85/*&$ (8&($7%5"(K%,*28'6(
8&('7%("8K%"($%2/*&(5&0(0%"8K%($%08B%&'(o+D%$(5&0(M"58&($8Q%$L((

H*"(5 ($'%506F('+".+,%&'F(+&8P*"BF(5&0(*)%&(275&&%,(o*fF('7%(.5$5,($7%5"($'"%$$ (güLi(8$(
5 (P+&2/*&(*P(f5'%"(78M7'(gWi(5&0('7%(f5'%"(%&%"M6($,*)% (g[(I(M%&%"5,,6(5))"*D8B5'%0(.6('7%(
f5'%"($+"P52%($,*)%i(P*,,*f8&M(üL%n%†4N9!(3&(B5&6( $8B),8O%0($%ú&M$F(8'(8$ (5$$+B%0('75'([(8$(
2*&$'5&'( 5&0(%9+5, ('*( '7%("%M8*&5, ($,*)%L( W*f%K%"F( )5"/5,(%B.5&YB%&'( 5&0(2*&$'"82/*&(
+)$'"%5B(*P('7% ($5B),8&M($8'%(B56( 5T%2'( '7%(f5'%"( $+"P52% ($,*)% (*P('7% (;5&M5 (5'(W5"08&M(
X"80M%L(

É%(%$/B5'% ('7%(,*25, (5))5"%&'(%&%"M6($,*)%F([F(P"*B('7%(]1G!(B%5$+"%B%&'$ (+$8&M(
'7%(,*25, (f5'%"(0%)'7(N(5&0('7%(25,2+,5'%0(*p(*P(5 (K%"/25, (f5'%"(2*,+B&L(]&(5K%"5M% (%&%"M6(
$,*)%(*P('7%(275&&%, (f5$('7%&(25,2+,5'%0(.6(5K%"5M8&M('7%(,*25, (K5,+%$(*P([(*K%"('7%(2%&'"5,(
)5"'( *P( '7%(275&&%,( g'7%(,5'%"5,(lkk( '*(jkk( B()5"'$(*P( '7%(275&&%,(f%"%(&*'( +$%0iL( c7%(
5K%"5M%(%&%"M6( $,*)%( P*"( '7%(;5&M5("5&M%0( P"*B(jLrtlk:@( gô( lLvtlk:@i( '7%(k�}ku}jklk( '*(
uqtlk:@(gô(lutlk:@i(.%'f%%&('7% (,*f%$'(5&0(78M7%$'(08$275"M% ($%2/*&$ (B%5$+"%0(gH8M+"%(ljiL(
[( 8$ ()*$8/K%,6( 2*""%,5'%0( gHW% n% L!wwi( '*( '7%(f5'%"( ,%K%, (B%5$+"%0( 5'( '7%(W5"08&M( X"80M%(
M5+M8&M($'5/*&(5&0(25&(.%()"%082'%0(5'(O"$'(*"0%"(+$8&M(5 ()*f%"(,5f("%,5/*&b(9%n%W!Kw%t(lkIKc%
o%Nw!WbL(c7%(5.*K%("%,5/*&(8$ (9+5,8'5/K%,6(2*&$8$'%&'(f8'7(08"%2'(B%5$+"%B%&'$($7*f8&M('75'(
'7%(,*25, ($,*)% (8$ (0%)%&0%&'(*&(f5'%"(08$275"M%(P"*B(rtlk:E%0+"8&M(o**0($%5$*&('*(5,B*$'(
Q%"*(0+"8&M(,%5&($%5$*& %îH9O?%lss~ï(5&0(f8'7('7%(5K%"5M%(08$'5, (;5&M5 (),58&($+"P52% ($,*)%(*P(
rtlk:E(î93,4#%$.%'(!?%jkkuïL

!8<7'52T3A/(]1G!(B%5$+"%0(08$275"M%$(5&0( M5+M%0(f5'%"( ,%K%,( *P('7%(;5&M5(5'(W5"08&M(X"80M%L(.+(
5&0( .@( 5"%( '7%( 058,6( o+D%$( *P( $+$)%&0%0( 5&0( .%0,*50( $%08B%&'$( 2*B)+'%0( P"*B( $)5/5,(
%D'"5)*,5/*&( *P( $5B),%0(K%"/25,()"*O,%$L (<*0%,%0(5K%"5M%(TcL( 5&0(TXb( M"58&( $8Q%( )5"5B%'%"$( *P(
'7%($+$)%&0%0(,*50(*P('7%(;5&M5(8$(5,$*("%)*"'%0L

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-
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=$8&M( '7%( 5K58,5.,%( "8K%"( $%2/*&( .*R*B( )"*O,%$( 8'( 8$ ( '7%&( )*$$8.,%F( +$8&M( '7%(
%B)8"825,("%,5/*&(P*"('7%(f5'%"($+"P52%($,*)%('*()"%082'(K5"85/*&$ (8&(*p(f8'7(275&M8&M(f5'%"(
,%K%,L(c7%$%(K5,+%$ (*P(*p( 25&('7%&(.%(+$%0('*(%D'"5)*,5'% (o+D%$ (5&0(M"58&($8Q% ($)5/5,,6( P*"(
%527(f5'%"( ,%K%,(*P( '7%(760"*,*M825, (262,%L( É5'%"( ,%K%, (B%5$+"%0( 5'( W5"08&M( X"80M%(P"*B(
ls�k('*(jkkv(g$'5/*&(õskF(HHÉG(5&0(É]@!zi(f5$(+$%0('*()"*0+2%(5&(5K%"5M% (760"*M"5)7(
*P('7%(;5&M5(g$+)),%B%&'5"6(05'5F(c5.,%([riL(

c7%(B*0%,(f5$("+&(+$8&M('7%(P*+"(5K58,5.,%("8K%"($%2/*&()"*O,%$(*P(jkk�(5&0(jklk(5$(
"%P%"%&2% ()"*O,%$ (5&0(5K%"5M%0(gH8M+"%(lqiL(W8M7($%08B%&'('"5&$)*"'("5'%$ (*P(+)('*(vI~(<'}
056(*22+"(0+"8&M()%5Y(o*f(f7%"%5$ (o+D%$(5"%(5,B*$'(&%M,8M8.,% (0+"8&M(&*&IB*&$**&L(W8M7(
'"5&$)*"'("5'%$ (5"%(2*&2*B8'5&'(f8'7(2*5"$%(M"58&('"5&$)*"'(5&0(CcL?(CXb("%5278&M(qv(ëB(5&0(
lrk(ëB("%$)%2/K%,6L(c7%(jr(6%5"(5K%"5M%0(B*0%,%0($+$)%&0%0($%08B%&'(o+D(*P('7%(;5&M5(
8$ (qsk(gô(qki(<'}6"F(f7827(8$ (8&("%5$*&5.,%(5M"%%B%&'(f8'7()"%K8*+$ ($'+08%$(gc5.,%(riL(c7%(
B*0%,%0(5K%"5M% (CcL(5&0(CXb(5"% ("%$)%2/K%,6(*P( (ju(gô(ri(5&0(ljq(gô(si(ëBL(X%0,*50(o+D%$F(
5$ (P*"B+,5'%0( 8&( '7%(B*0%,F( 5))%5"( ,8B8'%0( f8'7( r( <'}6"( f7827( 8$ (25L( l( p( *P( '7%( '*'5,(
$%08B%&'( o+DL( ]$ ( P*"( '7% ( ,5'%"5,( 8&'%M"5/*&F( B*0%,( +&2%"'58&/%$ ( f%"%( %$/B5'%0( P"*B(
<*&'%(G5",*("%5,8Q5/*&$L

`+>1)'5 2T34B5 /5 ?K*,+/*&( *P( '7%( ,*25,(
$+"P52%($,*)%(*P('7%(;5&M5( 5'( W5"08&M(
X"80M%( 5$( 5( P+&2/*&( *P( '7%( M5+M%0(
f5'%"( 78M7L( c7%( ,*25,( $,*)%( 8$( 0%"8K%0(
P"*B( '7%( 8&'%")"%'5/*&( *P( ]1G!(
B%5$+"%B%&'$L

'U($V6+3=9>?-$H?$,23+7P*2,$71H9=-+,392-$-,$12*79*+$P<679>?-$H3+7$0-$83779+$H?$O3+;-
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Study mean flux
Mt/yr

max flux
Mt/yr

min flux
Mt/yr

Period

Coleman, 1969 480 740 260 1958-1962

Holeman, 1968 1600    

BWDB, 1972 448 482 430 1967-1969

MPO, Technical report, 1987 210    

FEC, 1989 340    

CBJET, 1991 200   1965-1988

Hossein, 1992 480   1962-1992

RSP, final report 548   1966-1970

This study 390 420 360 2004-2010

`+>1)'52T34A5/5<*0%,%0(058,6 ($+$)%&0%0($%08B%&'(o+D(c.+dF(.%0,*50(o+D(c.@d(5&0(TcL' (TXb(*P(
'"5&$)*"'%0($%08B%&'$(+$8&M(5(jr(6%5"(5K%"5M%(760"*M"5B(*P('7%(;5&M5(5'(W5"08&M(X"80M%L(
c7%(08T%"%&'(2+"K%$(f%"%(*.'58&%0(P"*B(08T%"%&'("8K%"()"*O,%$(g$%%('%D'(P*"(0%'58,$iL
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!8<7'52T3P/5G*B)8,5/*&( *P(6%5",6($%08B%&'( o+D%$(*P('7%(;5&M5(5'(W5"08&M(X"80M%(f8'7( 8&'%M"5/*&(
)%"8*0(*P($'+06(f7%&(5K58,5.,%L(XÉ1X( b(X5&M,50%$7(É5'%"(1%K%,*)B%&'(X*5"0Ç(<!z(b(<5$'%"(!,5&(
z"M5&8Q5/*&Ç(H?G( b( H"%&27(?&M8&%%"8&M(G*&$*"/+BÇ(GXA?c( b(G78&5(X5&M,50%$7( A*8&'( ?D)%"'( c%5BÇ(
@[!b(@8K%"([+"K%6(!"*S%2'L
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rLrL(;"58&($8Q%(ù(27%B825,(8&K%"$8*&(

c7%(8&'%M"5'%0(27%B825,(2*B)*$8/*&(*P( '7%(;5&M5 (8$(%$/B5'%0(P"*B( '7% (B*0%,%0(
CXb% 5&0( '7% (M"58&( $8Q%( ù( 27%B825,( 2*B)*$8/*&$ ("%,5/*&$( 8&2,+08&M( .%0,*50( 2*&'"8.+/*&(
g&*"B5,8Q%0( '*( '7%(=))%"( G*&/&%&'5,(G"+$'( 2*B)*$8/*&(*P( "'8(6)% ',-% S5G$,,',( îls�vF(
lssvï(8&(H8M+"%(lriL(H*"(%,%B%&'$ ('75'(0*(&*'($7*f(2,%5"("%,5/*&$78)(f8'7(M"58&($8Q% (gB5"Y%0(
f8'7(5 (ñ( 8&(H8M+"%(lriF( '7%(27%B825,(2*B)*$8/*&("%)*"'%0(7%"%(8$ (0%"8K%0(P"*B('7%($8B),%(
5K%"5M%(*P(5,,(5K58,5.,%($5B),%$L(1%'58,%0("%$+,'$(P*"(5,,(%,%B%&'$(5"%("%)*"'%0(8&(c5.,%(vL

( c7%(8&'%M"5'%0(2*B)*$8/*&(*P(;5&M5($%08B%&'$(B*0%,%0(8&('78$(f*"Yb([8z%(ã(~~Lsl(
f'p(gô(lLkqiF( ],%zA( ã( ljLqq( f'p(gô( kLrliF( H%%zA( ã( rLuv(f'p( gô( kLjki( 8$ (275"52'%"8Q%0( .6(
"%,5/K%,6( 78M7([8 (2*&2%&'"5/*&$L( =$8&M( '78$(8&'%M"5'%0(2*B)*$8/*&F(f% (%$/B5'% ('75'( '7%(
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A = 11.34
B = 28.95
C =   0.05
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0%&$8'6F(C( '7%(M"58&I$8Q%(*P( '7%(2*&$80%"%0(B5'%"85, (g7%"%('7% (5K%"5M%(1E"( *P( 5,, (5K58,5.,%(
.%0,*50$i(5&0( 8$(0%'%"B8&%0(P"*B('7% ([78%,0$(085M"5BL(3&$'5&'5&%*+$(.%0,*50(o+D%$(P*"(

'7%(5K58,5.,%(f5'%"(2*,+B&()"*O,%$(f%"%(25,2+,5'%0(5&0("%$+,'$ (25&(.%(P*+&0(8&(c5.,%(]qL(],,(
.%0,*50(o+D("%,5/*&()"%082'(o+D%$ ('75'(5"%(*P('7%($5B%(*"0%"(*P(B5M&8'+0%(5$('7%("%,5/*&(
*P(A',%H3`,( îls�r5F(lssqF(jkkuïF(%9+5/*&(glkiF(+$%0(8&('78$ (f*"YL(?9+5/*&(]qIr(68%,0$('7%(
78M7%$'(.%0,*50(o+D%$ (f8'7(+)('*(lL~(YM}B}$ (P*"()"*O,%(lu}ks}jkkuF(f7827(8$ (25L(jLv(/B%$(
78M7%"('75&('7%(K5&(@8S&("%,5/*&L(],,("%,5/*&$ (5M"%%(*&('7%(P52'('75'(.%0,*50(o+D("%)"%$%&'$(
,%$$('75&(vp(*P('7%($+$)%&0%0(,*50(o+DL
[)5/5, (5&0('%B)*"5,(%D'"5)*,5/*&(*P( '7%(.%0,*50(o+D( 52"*$$('7% (275&&%,(5&0(0+"8&M('7%(
760"*,*M825, (262,%(68%,0$(q(<'}6"(P*"(g]qIjiF(lk(<'}6"(P*"(g]qIqi(5&0(s(<'}6"(P*"(g]qIri(f7827(
$7*+,0( .% (2*B)5"%0('*('7%(r(<'}6"( o+D( 0%"8K%0( P"*B( '7% (A',% H3`,( "%,5/*&(glki(5&0('7%(
B*0%,%0(qsk(<'}6"(*P($+$)%&0%0I,*50(o+DL

Sampling date !* qb  (a)
kg/m/s

qb/qs (a)
%

qb  (b)
kg/m/s

qb/qs (b)
%

qb  (c)
kg/m/s

qb/qs (c)
%

13/08/2010 0.079 0.001 0.08 0.003 0.33 0.001 0.12

01/09/08 1.374 0.218 0.59 0.663 1.80 0.730 1.98

10/09/08 1.413 0.227 0.84 0.692 2.55 0.763 2.80

22/09/08 0.353 0.024 0.30 0.075 0.92 0.077 0.96

17/09/07 2.307 0.484 1.11 1.471 3.38 1.616 3.71

23/07/05a 1.374 0.218 0.76 0.663 2.30 0.730 2.53

23/07/05b 0.315 0.020 0.19 0.061 0.61 0.062 0.62

13/08/04 1.082 0.150 0.75 0.457 2.29 0.503 2.52
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8&( '7%( o**0),58&L( 3'( *&,6( "%9+8"%$ ( '7%( î[8z%ï}î],%zAï( 5&0( î[8z%ï}îH%%zAï( "5/*$ ( *P( '7%(
W8B5,565&(2"+$'( f7827( 75$ ('7%(50K5&'5M% (*P(.%8&M( 8&0%)%&0%&'( *P( 25".*&5'%(2*&'%&'( *P(
$*+"2%("*2Y$ (f7827(5"% (08w2+,'('*(%$/B5'%(P*"('7% (f7*,%(W8B5,565&(5"2L(c7% (%&0(B%B.%"(
2*B)*$8/*&$(+$%0(P*"('7%(25,2+,5/*&(5"%(M8K%&(8&(c5.,%(3 L̂]rL(
[*,K8&M(g]rIli(5&0(g]rIji(P*"(•Z0**HK(68%,0$("%$)%2/K%,6b(qLs(gô(lq~i(<'(5&0(ljq(gô(luui(<'(*P(
$'*"%0($%08B%&'$(f8'7('7% ([8f5,8Y$ (5&0('7% (W8B5,565&(2"+$'( 2*B)*$8/*&(5$ (%&0IB%B.%"$L(
c78$ (8$ (8&(522*"0(f8'7(5('*'5, ($%9+%$'"5/*&(*P(rq(<'(gô(suiF(f7827("%)"%$%&'$ (lkp(*P('7% ('*'5,(
W8B5,565&(%"*$8*&(o+DL(

Reservoir SiO2
wt%

Al2O3
wt%

Fe203
wt%

Ganga (Ssed) 65.29 (±0.81) 12.35 (±0.40) 4.77 (±0.19)

Siwaliks (FloodP) 64.47 (±3.31) 7.73 (±0.98) 3.03 (±0.39)

Ganga plain BL 74.12 (±4.18) 9.33 (±1.25) 3.32 (±0.64)

SiO2/Al2O3 SiO2/Fe2O3

Himalayan crust (Him) 5.31 (±0.66) 14.93 (±0.11)

Himalayan front rivers 5.4 (±0.54) 15.46 (±1.54)

?K%&(8P('7%(5.$*,+'% (2*&2%&'"5/*&(*P([8z%F(],%zA(5&0(H%%zA(8&(.*'7(o**0),58&(%&0(B%B.%"$F(
'7%([8f5,8Y$(5&0('7%(;5&M5(),58&(.%0I,*50$F(8$ (08T%"%&'(0+%('*(K5"85.,% (25".*&5'% (2*&'%&'F(
'7%( ],}[8 ( 5&0( H%}[8 ( "5/*$ (5"%( 80%&/25,L( c7%( +$%( *P( ;5&M5 (),58&( .%0,*50( $%08B%&'$ ( 5$(
o**0),58&(%&0(B%B.%"(68%,0$($8B8,5"( "%$+,'$ (f8'78&(+&2%"'58&'6( grv(ô(��(<'i(2*B)5"%0('*(
'7%([8f5,8Y$ (%&0(B%B.%"(+$%0(5.*K%L([8B8,5",6( '7% (27%B825, (2*B)*$8/*&(*P('7%(W8B5,565&(
2"+$'( 5&0(W8B5,565&IP"*&'( @8K%"$ ( 8$ (K%"6( $8B8,5"( 5&0( 75$ (*&,6( 5 (B8&*"( 8&o+%&2%( *&( '7%(
$%9+%$'"5/*&(o+D( 2*B)+'%0( P"*B( ]rIl( 5&0( ]rIj( ( g~�( ô( u�( <'iL( c78$ ( $'5.8,8'6( M8K%$ (+$(
2*&O0%&2%(8&('7%(K5,+%$(+$%0(5$(%&0IB%B.%"$L

6*g,:h7'E>(',-./

c7%(5+'7*"$(5"%(M"%5',6(8&0%.'('*(!"*PL(<+$'5OQ+"(@57B5&(*P(175Y5(=&8K%"$8'6('75'()"*K80%0(M"%5'($+))*"'(5&0(
7%,)(0+"8&M(O%,0(25B)58M&$(8&(X5&M,50%$7L(É%(5,$*('75&Y(?$'%,,%(X,5%$F(<5"8*&(;5"Z*&(5&0(X"8R5(^*$$(P*"('7%8"(
%&'7+$85$/2(7%,)(f8'7($5B),8&M(5&0(]1G!(05'5(529+8$8/*&L(É%(f*+,0(5,$*(,8Y%('*('75&Y(@*,P(]5,'*F('7"%%(*'7%"(
5&*&6B*+$("%K8%f%"$(5&0('7%(%08'*"( P*"( '7%8"( 2*BB%&'$('75'(7%,)%0('*( 8B)"*K%('7%(9+5,8'6(5&0("%505.8,8'6(*P(
'7%(B5&+$2"8)'L(c78$(f*"Y(f5$($+))*"'%0(.6(34[=()"*M"5B(U@%,8%P(0%( ,5(c%""%V(5&0(]4@(G5,8B%"*L(^5,8%"(;5,6(
f5$($+))*"'%0(.6('7%(=L[L(45/*&5,([28%&2%(H+&05/*&(g;"5&'(zG?Ik�vlklviL

!8<7'52T36P/5G7%B825,( 2*B)*$8/*&(*P('7%("%$%"K*8"$(+$%0(P*"($*,K8&M('7%(27%B825,(B5$$(.5,5&2%(*P(
W8B5,565&(%"*$8*&(o+D%$L(c7%(;5&M5($%08B%&'(2*B)*$8/*&(5"%(P"*B('78$($'+06L(c7%(2*B)*$8/*&(*P(
'7%( [8f5,8Y$( 5$( 5&5,*M+%( P*"( o**0( ),58&( $%08B%&'$( 8$( .5$%0( *&( uj( $5B),%$( P"*B( '7%( [+"5à( 5&0(
>5"&5,8($%2/*&$(g[+)),%B%&'5"6(05'5(O,%F (c5.,%([uiL(;5&M5(o**0),58&( $%08B%&'$(5"%(5,$*(M8K%&( P*"(
2*B)5"8$*&( 5&0( "%)*"'%0( 8&( [+)),%B%&'5"6( 05'5( O,%F( c5.,%( [�iL( c7%( W8B5,565&( $*+"2%( "*2Y(
2*B)*$8/*&( P"*B(Q07G(012(j#018&`X015#2( îjkklï(5&0( 8$(2*B)5"5.,%('*(W8B5,565&("8K%"$($5B),%0(
5'('7%(W8B5,565&(P"*&'(g[+)),%B%&'5"6(05'5(O,%F(c5.,%([~iL
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'U(%$ $ T3?.$HI12*79*+$ -,$ [?.$ 71H9=-+,392-7$H3+7$ 0-$8379+$ H?$O3+;-$:$
3PP*2,7$H-7$97*,*P-7$5*7=*;1+9>?-7

( :%$ ( 8$*'*)%$( 2*$B*M#&89+%$( $*&'( )"*0+8'$ (C ( ,5 ( $+"P52%( '%""%$'"%( )5"( ,-8&'%"52/*&(
%&'"%( ,%$ ()5"/2+,%$ ($%2*&058"%$ (0+("56*&&%B%&'( 2*$B89+%( %'( 0%$ (#,#B%&'$ (28.,%$(0%( ,5(
2"*m'% ('%""%$'"%L(:-#'+0% ()"#$%&'#% (28I0%$$*+$ ($-5))+8% ($+"(,-8$*'*)% (!"X%(9+8 (%$'(P*"B#()5"(
$)5,,5/*&( &%+'"*&89+%( %'( 25)'+"%( B+*&89+%( $+"( ,%$ ( 5'*B%$ ( 0-*D6ME&%F( 2% ( 9+8 ( "%&0( ,5(
B#'7*0%( ,% ( ),+$( 58$#B%&'( 5)),825.,% ( 5+( 9+5"'Q( g[8z%iL( :5( )"*0+2/*&( 0%( !"X%( 0#2"*8'(
"5)80%B%&'(5K%2( ,5 ()"*P*&0%+"( 0+($*, (*+(0%(,5 ("*27% (%D)*$#%L( [5 (2*&2%&'"5/*&(%$'(0*&2(
P*&2/*&(0+('%B)$()%&05&'(,%9+%, (+&(M"58&(0%(9+5"'Q(5 ($#S*+"&#(05&$ (,%$()"%B8%"$(BE'"%$(0%(
,5 ($+"P52%('%""%$'"%L(?,,%()%+'(0*&2(N'"%("%,8#(5+('%B)$(0-%D)*$8/*&(*+(5+('5+D(0\#"*$8*&(0%(
,5 ($+"P52%(g+&('5+D(0-#"*$8*&(P*"'($%('"50+8$5&'(5,*"$ ()5"(+&%(2*&2%&'"5/*&(!"X%(P58.,%iL( :5(
B%$+"% (0%(,5 (2*&2%&'"5/*&(0+(!"X%(05&$ (,%$($#08B%&'$(0%("8K8E"% ()%"B%'( 0%("%B*&'%"(5+(
'5+D(0-#"*$8*&(B*6%&(0%('*+'(+&(.5$$8&(K%"$5&'(+/,8$5&'(58&$8 (,%("J,% (8&'#M"5'%+"(0%$("8K8E"%$(
g%DL(;"5&M%"(%'(5,LF(lss~iL(G%)%&05&'(,-+/,8$5/*&(0%$ (8$*'*)%$ (2*$B*M#&89+%$(05&$ (,%(.+'(0%(
9+5&/O%"(,%$ ()"*2%$$+$ (0%($+"P52%(%$'(5$$%Q("#2%&'%L(:5('"E$ (P58.,%(5.*&05&2%(0+(!"X% (glk:!A(
C ( lk:!B( P*8$ ( B*8&$ ( 5.*&05&'( 9+%( ,-8$*'*)%( ,% ( ),+$( 5.*&05&'F( ,%( #X%i( %'( ,%$( 08w2+,'#$(
5&5,6/9+%(C(,% (B%$+"%"( g8&'%"P#"%&2%$ (5K%2( ,%(XF(.%5+2*+)(),+$(5.*&05&'F(+/,8$5/*&(0-+&(
$)%2'"*BE'"%( 0% (B5$$%( 2*+),#( C (+&( 522#,#"5'%+"FLLLi( "%&0%&'( ,5 (0#'%"B8&5/*&( 0%$ ('5+D(
0\#"*$8*&$(#,%K#$ (2*BB%(2%+D("%&2*&'"#$ (%&(W8B5,565 (08w28,%L(!*+"(),+$(0-8&P*"B5/*&$ ($+"(
,-+/,8$5/*&(0%$(8$*'*)%$(2*$B*M#&89+%$()*+"(,5(2*B)"#7%&$8*&(0%$()"*2%$$+$ (0% ($+"P52%F(8,(
2*&K8%&'(0%($%("%)*"'%"(C(1+&58(gjklkiL(

( 15&$(,% (B5&+$2"8'(9+8 ($+8'F(,%(!"X%(5 (#'#(B%$+"#(05&$(,%$ (#275&/,,*&$()"#,%K#$ (05&$ (,%(
.5$$8&(0+(;5&M%(5O&(0%(0*2+B%&'%"( ,%$ ('5+D(0-#"*$8*&$ (%'(,%$ (o+D($#08B%&'58"%$ (C(,-#27%,,%(
0+(.5$$8&L( :%$ ('5+D( 0-#"*$8*&(0#'%"B8&#$ ()*+"( ,%$ ()"8&28)5+D( 5é+%&'$ ('"5&$I78B5,56%&(0+(
;5&M%( gd5B+&5F( ;5&M5F( >5"&5,8F( 45"565&8 ( %'( >*$8i( $*&'( '"E$ ( K5"85.,%$ ( %&'"%( j( 5&&#%$(
0-#275&/,,*&&5M%(%'(K*&'(0%(kLu(C (qLq(BB}5&L(G%$('5+D(2*&'"5$'%&'( &%R%B%&'(5K%2(,%('5+(
0\#"*$8*&(0#'%"B8&# ()*+"(,%(2"5'*&(3&08%&($-#,%K5&'(C (kLkku(BB}5&L(]+(X5&M,50%$7F(05&$ (,5(
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BB}5&L(1%(),+$F(5+2+&%(#K*,+/*&($8M&8O25/K% (0+($8M&5, (!"X%(&-%$'(*.$%"K#%(,*"$ (0+('"5&$P%"'(
0%$( $#08B%&'$ ( 05&$( ,5( ),58&%F( K5,805&'( 58&$8 ( ,-+/,8$5/*&( 0%$( #275&/,,*&$ ( 08$'5+D( )*+"(
"%B*&'%"(5+D('5+D(0-#"*$8*&(C (,\#27%,,%(0+(.5$$8&L(G%)%&05&'(5+($%8&(0%(,5 (),58&%F(),+$8%+"$(
#275&/,,*&$ ( $+MME"%&'( +&% ( )%"'+".5/*&( "#2%&'%( 0%$( o+D( $#08B%&'58"%$ ( 5K%2( +&%(
5+MB%&'5/*&( 0%$ ()"*)*"/*&( "%,5/K%( 0%($#08B%&'$( )"*K%&5&'( 0+( 2"5'*&( 3&08%&L( :%(o+D(
$#08B%&'58"%(8$$+%(0%(,-#"*$8*&(78B5,56%&&%(05&$(,%(.5$$8&(0+(;5&M% (%'( 0#0+8'( 0%$('5+D(
0-#"*$8*&$ (!"X%($*&'(0%(,-*"0"%(0%(uqk(C (�lk(<'}5&L(G%R%(%$/B5/*&(%$'(lLv( C(j( P*8$ (),+$(
#,%K#%(9+%(,%$ (%$/B5/*&$(P58'%$(C ()5"/"(0%$(B%$+"%$(0%$ (2*&2%&'"5/*&$(0%($#08B%&'$(%&(
$+$)%&$8*&L(:5("58$*&(0% (2%R%(08T#"%&2%(&-%$'()5$ (%&2*"% (#2,58"28% (%&("58$*&(0%$(8&2%"/'+0%$(
#,%K#%$ ("5R527#(5+D( 0%+D( B#'7*0%$L( G%)%&05&'( ,%(o+D( $#08B%&'58"%(0#0+8'( 0+( !"X% (%$'(
8&'#M"#($+"(),+$8%+"$(2%&'58&%$ (0-5&&#%$ (5,*"$(9+% (,5 (B%$+"%(0%($#08B%&'$ (%&($+$)%&$8*&(%$'(
+&% (B%$+"%(9+8 (&% ($-#'%&0(9+-C(9+%,9+%$ (5&&#%$ (05&$ (,%(B%8,,%+"(0%$ (25$L(G%$(08T#"%&2%$F($8(
%,,%$($*&'(5K#"#$F()*+""58%&'(5,*"$("%o#'%"(+&%(08B8&+/*&("#2%&'%(0%$ ('5+D(0-#"*$8*&$ (05&$(
,5(275n&%(78B5,56%&&%L
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Xz=@:®[%F(A+,8%&(GW]@@?]=!F(:5%//5(:?]443%F(@5)75_,(!3>!F(482*,5$(!=GWz:!(
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vrvkl(^5&0*%+K"%(,%$(45&26F(H"5&2%L
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ñG*""%$)*&08&M(5+'7*"b(B,+)Y%"ö2")ML2&"$I&5&26LP"

*+,-./0-

&$%B$'+*)$-% 3,%+3.*% 56+B64$,35% KLM$%56,5$,.)';6,%3,% -$.)3;5%:*').v%+'B0($-% 3,%.#$%B'3,%
)3A$)+%6<% .#$%J',4'%@'+3,!% "#$+$% +$-3B$,.+%1$)$% 56(($5.$-% 6A$)% +$A$)'(% 8$')+% 3,% .#$%B'3,%
.)',+IN3B'('8',% H3A$)+% QÜ'B*,'?% J',4'?% }'),'(3?% h')'8',3%',-% }6+3R% <)6B% .#$% N3B'('8',%
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+#61+%.#'.%<6)%.#$%J',4'%@'+3,?%,6%+8+.$B';5%$A6(*;6,%6<%.#$%'A$)'4$%KLM$%56,5$,.)';6,+%
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(
( c7%(8&'%"52/*&(*P(,5"M%($25,%('%2'*&82$F(2"+$'5,(0%P*"B5/*&F(%D'"%B%('*)*M"5)76(5&0(
8&'%&$%(B*&$**&5,(2,8B5'%(P*+&0(8&('7%(W8B5,565&("5&M% (75$ (P*$'%"%0(B5&6($'+08%$ ()"*.8&M(
5&0(B*0%,8&M('7%(P%%0.52Y$(.%'f%%&(2,8B5'%F(%"*$8*&(5&0('%2'*&82$ (g%LML(]K*+52(5&0(X+"*KF(
lss~Ç( H"5&2%I:5&*"0( 5&0( 1%""6F( lssuÇ( X%5+B*&'( %'( 5,LF( jkklÇ( X+".5&Y( %'( 5,LF( jkkqiL(
W*f%K%"F( 5(Y%6( )5"5B%'%"( '*( +&0%"$'5&0('7%(%K*,+/*&(*P( '7%(*"*M%&(5&0(8'-$ (8B)52'( *&(
%5"'7($+"P52%()"*2%$$%$ (8$('7%(Y&*f,%0M%(*P( '7% (B5$$ ("%B*K%0( P"*B( '7%($6$'%B( '7"*+M7(
)76$825, ( %"*$8*&( 5&0( $%08B%&'( %D)*"'L( 3&0%%0F( %"*$8*&( 8&0+2%$ ( 2"+$'5,( $25,%( 8$*$'5/2(
"%.*+&0F('75'(8'$%,P('"8MM%"$ (+),8ê(g['%)7%&$*&(5&0(:5B.%2YF(ls�viL(3'(5,$*()"*B*'%$ ($8,825'%(
f%5'7%"8&M('7"*+M7('7% (2"%5/*&(*P(&%f("%52/K%($+"P52%$(g['5,,5"0(5&0(?0B*&0F(ls�qi(5&0(
%&75&2%$ ('7%( *"M5&82( 25".*&( .+"85, ( '7"*+M7( $%08B%&'5"6( 0%)*$8/*&( g;5,6( %'( 5,LF( jkkuiL(
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o%D+"% (*P( '7% ($+.0+2/&M( 3&085&(),5'% (5&0('78$ (52/K%(0%)"%$$8*&( 8$ (B58&,6( O,,%0(f8'7('7%(
)"*0+2'$(*P(W8B5,565&(%"*$8*&(g:6*&IG5%&(5&0(<*,&5"F(ls�vi(gH8M+"% (3 L̂l~iL(c7%(;5&M5 (.5$8&(
8$ (.*"0%"%0('*('7%($*+'7(.6( '7%(3&085&(2"5'*&('75'( $'5&0(8&(%,%K5/*&(5.*K%(jkk(BF(f8'7(5(
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YAM3: 21.3 ±2.4

BR924: 9.1 ±1.7
AK43: 19.1 ±2.0(1)

AK36: 19.5 ±4.1(1) CA1005: 48.1 ±1.1

PB80: 9.0 ±1.2

LO743: 20.7 ±4.3

BR355: 12.8 ±1.5BR905: 9.8 ±2.2

BR418: 22.9 ±2.9
BR717: 21.4 ±2.8
BR8221: 22.7 ±2.0
BR8252: 21.6 ±2.9

LO741: 13.2 ±1.7
CA1010: 10.0 ±1.6
LO1001: 8.9 ±1.5
LO1001b: 7.9 ±1.3

BR336: 10.1 ±2.5

BR310: 9.2 ±2.1

LO763: 26.8 ±3.5
CA987: 54.4 ±3.1

BR330: 31.6 ±3.9

BR315: 32.2 ±6.6
BR8138: 32.1 ±4.3

BR8135: 91.2 ±4.6

BR343: 18.9 ±5.6
BR937: 430 ±21

10Be concentration (x103 at/g)
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g[]@<IG@!;F( 45&26F( H"5&2%iL( c7% ()+"8O%0(9+5"'Q( f5$ ( '7%&( '*'5,,6( 08$$*,K%0( 8&( WH( 5ê%"(
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# c7%(;5&M5(@8K%"($6$'%B(8$ (B58&,6( P%0(.6( W8B5,565&('"8.+'5"8%$L(H"*B(f%$'( '*(%5$'F(
'7%(d5B+&5F('7% (;5&M5F('7%(>5"&5,8F('7%(45"565&8 (5&0('7%(>*$8 (5"%(5,, (B5S*"("8K%"$ (0"58&8&M(
'7%(W8B5,565&("5&M%(f8'7(.5$8&$("5&M8&M(P"*B(u~kk(YB%( P*"( '7%(d5B+&5('*(vu�kk( YB%$ P*"(

U($/0,1234*+$5<9=9>?-$H3+7$0-$767,Q=-$<9=3036-+

ljl



'7%(>*$8L( c7%('7"%%(B58&(4%)5,%$%(W8B5,565&(@8K%"$ (g>5"&5,8F( 45"565&8 (5&0( >*$8i( S*8&(0%(
;5&M5(B58&$'"%5B(5ê%"( $*B%(jkk( '*(~kk( YB('"5&$8'( 8&( '7%(o**0),58&( 8&(3&085 (f7%"%('7%(
>5"&5,8 (5&0(45"565&8( 5"%( "%$)%2/K%,6( "%&5B%0(;75M75"5( 5&0( ;5&05YL( c7%(f%$'%"&B*$'(
W8B5,565&( '"8.+'5"8%$ (*P( '7%( ;5&M5F( '7%( d5B+&5( o*f$ ('7"*+M7( '7%( 28'6( *P( 1%,78 (5&0( 8$(
B%"M8&M(f8'7('7%(;5&M5(5'( ],,575.50F( $*B%(skk( YB(0*f&$'"%5B(*P( '7% (W8B5,565&(P"*&'(
gH8M+"%( L̂liL
4*&(W8B5,565&(@8K%"$(2*&'"8.+'% ('*( '7%($%08B%&'( 5&0(08$$*,K%0(.+0M%'( *P( '7%(;5&M5F( 8&(
)5"/2+,5"( $*+'7%"&('"8.+'5"8%$F( '7%(O"$'(*P(f7827(8$ ('7% (G75B.5, (g@%&M5"5S5&(%'( 5,LF(jkksiL(
c7%(G75B.5, (@8K%"(8$ (0"58&8&M('7%(P"*&'(*P('7%(^8&0765(@5&M% (5&0()5"'(*P('7%(1%225&('"5)$(
5&0(o*f$ (8&'*('7% (d5B+&5(@8K%"(8&('7%(;5&M%/2(),58&L(]008/*&5,,6F($B5,,%"('"8.+'5"8%$ ($+27(
5$ ('7%(X%'f5F(>%&(5&0([*&(5"%(5,$*(0"58&8&M('7% ($*+'7%"&()5"'(*P('7%(;5&M5(.5$8&(gH8M+"%( L̂
liL( ]ê%"( 5( '*'5, ( '"5&$8'( 8&( '7%( o**0),58&( *P( 25L( lvkk( YB( '7% ( ;5&M5 (B%"M%$( f8'7( '7%(
X"57B5)+'"5('75'(0"58&$ ('7%(%5$'%"&()5"'(*P('7% (W8B5,565 (5&0('7%($*+'7%"&(.*"0%"(*P('7%(
c8.%'5&(),5'%5+L( c7%(2*&o+%&2%(*P( '7% (;5&M5(5&0(X"57B5)+'"5 (8&(X5&M,50%$7( P*"B$ ('7%(
:*f%"(<%M7&5('75'(0%,8K%"$ ('7%()"*0+2'$(*P(W8B5,565&(%"*$8*&('*('7%(X56(*P(X%&M5, (5&0('7%(
3&085&(z2%5&L(c7%('*'5, (0"58&5M% (5"%5(*P('7% (;5&M5(2*K%"$(lLk~(B8,,8*&(YB%(*P(f7827(lup(,8%$(
8&('7%(W8B5,565F(qvp(8&('7%(3&085&($78%,0(5&0(r�p('7%(;5&M5(),58&(g@5*F(lsusiL
c7%(B5S*"( )5"'(*P('7%(q�k( YBA( ;5&M5(6%5",6( 08$275"M% (gÉ]@!z( 760"*,*M825, (05'5i(*22+"$(
0+"8&M( '7% (B*&$**&( $%5$*&( P"*B( A+&%('*([%)'%B.%"( gH5$+,,*( 5&0(É%.$'%"F( jkkqiL( H"*B(
'7*$%F(5))"*D8B5'%,6(vr(p(*P('7%(08$275"M%(8$ (0%"8K%0(P"*B('7%(W8B5,565&(25'27B%&'$F(jjp(
P"*B('7%($*+'7%"&('"8.+'5"8%$ (5&0('7%("%B58&8&M(jr(p(P"*B('7%(o**0),58&(8'$%,P(g@5*F(lsuvÇ(
[8&M7(%'(5,LF(jkk�iL(c7%($%08B%&'(o+D(%D)*"'%0(.6( '7%(;5&M5 (8$ (%$/B5'%0(5'(25L(rkk('*(vkk(
<'}6"(g@[!F(lss~Ç(:+)Y%"(%'(5,LF(+*@B3F$-%@iL(:%$$ ('75&(lkp(*P('7%(%"*0%0(W8B5,565&(o+D(8$(
$'*"%0(8&('7%(;5&M%/2( o**0),58&(g:+)Y%"(%'( 5,LF( +*@B3F$-%@i( .+'(;"5&%'( %'( 5,L( gjkku( 5&0(
jklki(%$/B5'%0('75'( '7%($%08B%&'( '"5&$P%"(/B%(8&()5"'$ (*P('7%(.5$8&("%527%$ (*K%"($%K%"5,(
lkk( Y6"( P*"( .%0,*50$F(f7827(f*+,0(P5K*"( '7%($%08B%&'( f%5'7%"8&ML( 1+% ('*( '7% (B*&$**&(
8&'%&$8'6F( sk( '*( svp( *P( '7%( '*'5, ( f5'%"( 08$275"M%( 5&0( $%08B%&'( ,*50( *P( '7% ( ;5&M5 ( 8$(
'"5&$)*"'%0(P"*B(A+&%('*([%)'%B.%"(g@[!F(lss~Ç(:+)Y%"(%'(5,LF(+*@B3F$-%@iL(

# !:!:#Q4V3VY&0/3#,4j'Y

# c7%(W8B5,565&(25'27B%&'$(*P('7% (;5&M5(5"% ('7% (B58&($*+"2%$ (*P($%08B%&'$(25""8%0(
.6( '7%( $6$'%B( '*( '7%( X56( *P( X%&M5,L( H*+"( B58&( %5$'If%$'( +&8'$ ( 5"%( 2*BB*&,6( +$%0( '*(
0%$2"8.%( '7% (W8B5,565&($'"+2'+"%L( H"*B( &*"'7( '*( $*+'7F( '7%(c%'765&( [%08B%&'5"6( [%"8%$(
gc[[iF('7%(W8M7(W8B5,565(G"6$'5,8&%$(gWWGiF('7% (:%$$%"(W8B5,565(g:Wi(5&0('7%([8f5,8YL(c7%$%(
+&8'$(5"%(.*+&0(.6(B5S*"( 08$2*&/&+8/%$(5&0('7"+$'( P5+,'$('75'( 522*BB*05'%0('7%(2"+$'5,(
$7*"'%&8&M(5ê%"('7%(3&085I]$85 (2*,,8$8*&(vk(<5(5M*(g!5'"85'(5&0(]27527%F(ls�riL(c7%(c[[(5"%(
2*B)*$%0( *P( f%5Y,6( B%'5B*")7*$%0F( 25".*&5'%( "827%F( ,5'% (G5B."85&( '*(?*2%&%(B5"8&%(
$%08B%&'5"6( $%9+%&2%$L( c7% (WWG( 5"%(P*"B%0(.6(4%*)"*'%"*Q*82( '*(z"0*K8285&(78M7(M"50%(
B%'5B*")782( "*2Y$F( B5".,%$ (5&0( ,*25,( 8&'"+$8*&$ (*P( ,%+2*M"5&8'%L( c7%( :W( 5"%( ,*fIM"50%(
B%'5$%08B%&'5"6( "*2Y$ (2*B)*$%0(*P(9+5"'Q8'%$F()76,,8'%$F(.,52Y($78$'$ ('*(,8B%$'*&%$L(c*('7%(
$*+'7F( '7%( [8f5,8Y( 2*&$8$'$( *P( 4%*M%&%( o**0),58&( 0%)*$8'$ ( +),8ê%0( .6( '7%( $*+'7%"&(
)"*)5M5/*&( *P( '7% ( 0%P*"B5/*&( P"*&'L( H"*B( '7%( ["( 5&0( 40( 8$*'*)82( 2*B)*$8/*&( *P(
$%08B%&'$('75'(5"%(5.,% ('*(08$2"8B8&5'%(0%(WWG(P"*B('7%(:W(+&8'$F(;5,6(5&0(H"5&2%I:5&*"0(
gjkkli(%$/B5'%('75'(�kp(*P('7%($%08B%&'$ (%"*0%0(P"*B('7% (W8B5,565(5"%(0%"8K%0(P"*B('7%(
WWGF(5&0('7%("%B58&8&M(jkp(*P('7% (:W(%K%&('7*+M7("8K%"(8&28$8*&($7*f$('75'(c[[(5&0([8f5,8Y(
$%08B%&'$(B56(5,$*("%)"%$%&'(5 ($8M&8O25&'()5"'(*P('7%(%"*0%0(B5'%"85, (8&(2%&'"5, (4%)5, (g:5K#(
5&0(]K*+52F(jkkliL

U($/0,1234*+$5<9=9>?-$H3+7$0-$767,Q=-$<9=3036-+

ljj



c7%(W8B5,565&(P"*&'( 8$ (.*+&0('*('7%($*+'7(.6('7%(jkk('*(qkk(YB(f80% (;5&M5(5,,+K85, (),58&L(
[%K%"5,( Y8,*B%'%"$ ( *P( $%08B%&'$ ( %"*0%0( P"*B( '7%( "5&M%( *K%",56( '7% ( ]"27%5&( '*( ?5",6(
!"*'%"*Q*82(3&085&(.5$%B%&'(g:6*&IG5%&(5&0(<*,&5"F(ls�qiL
c*('7% ($*+'7(*P('7%(.5$8&F('7% (G75B.5, (@8K%"(0"58&$ (K%"6(2*&'"5$'%0(,8'7*,*M8%$(2*B)5"%0('*(
W8B5,565&(@8K%"$L( c7% (G75B.5, (7%50f5'%"$ (5&0( 8'$ (5é+%&'( 5"%( 0"58&8&M( '7% (G"%'52%*+$(
'7*,%88/2( ,5K5(o*f$(*P( '7%(1%225&(c"5)$ ('75'(2*K%"(5 ($8M&8O25&'()5"'( *P(0"58&5M%(5"%5 (5&0(
4%*)"*'%"*Q*82( '*(!5,%*)"*'%"*Q*82(B5"8&%(0%)*$8'$ (B58&,6( 2*B)*$%0(*P( $5&0$'*&%$(5&0(
,8B%$'*&%(g@%&M5"5S5&(%'(5,LF(jkks(5&0("%P%"%&2%$('7%"%8&iL

UR*T$%24&#A*+./$.)A&)+*$#-*$#$4"56$4*2/16)-(/)+

(
H:):#N&k4.#,45&64'-#,/6^3&'Y#

# c7%(;5&M5 (.5$8&(f5$ ("%)%5'%0,6( $5B),%0(B58&,6( 0+"8&M(B*&$**&F( 8&(jkklF( jkkjF(
jkkrF( jkkuF( jkk�F( jkks(5&0(jklkL( ],,(B5S*"( '"8.+'5"8%$ (*P( '7%(;5&M5(8&(4%)5,F( 3&085(5&0(
X5&M,50%$7( f%"%( 2*K%"%0( *K%"( '7%$% ( u( 6%5"$( *P( O%,0( 25B)58M&$( 5&0( f7%&( )*$$8.,%(
$+$)%&0%0($%08B%&'$(0%)'7()"*O,%$ (f%"%($5B),%0L(c7%(B58&('"5&$IW8B5,565&('"8.+'5"8%$(*P(
'7%(;5&M5F(P"*B(%5$'('*(f%$'b('7%(d5B+&5F('7% (;5&M5F('7% (>5"&5,8F('7%(45"565&8(5&0('7%(>*$8(

`+>1)'5 T34/( ;%*M"5)7825,( $%ú&M( *P( '7%( ;5&M5( .5$8&( f8'7( B58&( $5B),%( $8'%$( 5&0( 2*""%$)*&08&M(
$5B),%(&+B.%"$L

Delhi

Varanasi
Patna

Dhaka

Kolkata

Kathmandu

Karnali

Narayani

Ko
si

Ganga

Yam
una

Ganga

BrahmaputraCha
mb

al

Rapti

Gomti

YAM 1-3
BR 919 - 924

PB 79 - 80
LO 743 - 751

PB 54 - 60
LO 741, 754 - 758, 1001

PB 65 - 70

BR 935 - 940

BR 901 - 907
BR 943 - 946

BR 113 - 117
BR 8101 - 8107

BR 136 - 144
BR 382 - 383
BR 8131 - 8135

BR 118 - 124
BR 303 - 306
BR 8108, 8137 - 8138

BR 208 - 214
BR 411 - 422
BR 511 - 522
BR 711 - 718
BR 8215 - 8222
 8250 - 8256
 8279 - 8286
BR 1024 - 1032

BR 910 - 914

BR 330 - 332

BR 8111 - 8115
BR 8122 - 8123

CA 1004 - 1006 CA 1001 - 1003

BR 133
BR 378
BR 8126

!"# $"#

%"#

&"#

!"#$"
%# &

'(

)*"+,
"-.

'()*+

!"#$"%&%'"(#"

!"#$"%&%)*%+,-.$/

0",#"1-%&%2/3/1$"#4
!"#$"%&%5","#"6-

!78(-
!"#$"%&%0"#9:,

;"8:#"%&%0"19-

<="8>"1%&%?=":19:,

;"8:#"%&%'"7#("
!"#$"%&%2-6=-@/6= A99/,%0",#"1- +=/,-

0",#"1-%
NAG 12

BR 364 - 365
BR 8119 - 8120

2"9(-

B","C"#-%&%B","C"#$="(

B","C"#-%&%)"4-9:,

076-%&%<="(","

LO 762 - 763
076-%&%?:8",-$="(

!"#$%$&$'()*+',(-"./*0
!"#$%$&$'()%++12%$"'(-"./*0
3$'4$("'(5$'4%$1/06
7"8$%"9(-"./*0

CA 1012 - 1013
2"9(-%<=-(*

BR 318
D-#":

BR 318
E:,"F

U($/0,1234*+$5<9=9>?-$H3+7$0-$767,Q=-$<9=3036-+
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@8K%"(f%"% ($5B),%0(5'('7% (W8B5,565&(P"*&'(2,*$%('*('7%(<HcL(]008/*&5,,6($5B),%$ (P"*B('7%(
?5$'%"&(5&0(G%&'"5,(f5'%"$7%0$ (*P('7%(>5"&5,8 (gX7%"8 (5&0(+))%"(>5"&5,8i(P"*B('7%(<Xc(f%"%(
8&2,+0%0( 8&( '78$ ($'+06L( c7%$%( '"5&$IW8B5,565&(@8K%"$ (f%"%( $5B),%0( P+"'7%"( 0*f&$'"%5B(
.%P*"%('7%8"(2*&o+%&2%(f8'7('7% (B58&$'"%5B(;5&M5 (*"( 5&*'7%"(B5S*"( "8K%"(g%D2%)'( P*"('7%(
d5B+&5( '75'( f5$( $5B),%0( 5ê%"( 8'$( 2*&o+%&2%( f8'7( '7%( G75B.5,iL( c7%( 2*&'"8.+/*&( *P(
[8f5,8Y($%08B%&'$ ('*('7% ($%08B%&'( ,*50(f5$ (275"52'%"8Q%0('7"*+M7($5B),%$ (P"*B('7%(@5)/(
@8K%"F(5('"8.+'5"6(*P('7% (>5"&5,8 (0"58&8&M(B58&,6([8f5,8Y(+&8'$ (5&0(P"*B(B*"% (B8&*"('"8.+'5"8%$(
$+27(5$ ('7%([+"5àF(c8&5+(5&0(@5)/(G78'f5&L(c7%(G75B.5, (@8K%"F('7% (B58&("8K%"(0"58&8&M('7%(
$*+'7%"&()5"'(*P('7%(;5&M5 (.5$8&F(f5$($5B),%0(+)$'"%5B(8'$ (2*&o+%&2%(f8'7('7%(d5B+&5L(
c7%(;*B/(@8K%"F(08$2*&&%2'%0(P"*B('7%(W8B5,565&(8&)+'(g[8&M7(%'(5,LF(jkkvi(f5$ (+$%0(5$ (5&(
%&0IB%B.%"(P*"()+"% (o**0),58&($%08B%&'(8&)+'(8& ('7%(;5&M5 (.5$8&L(c7% (;5&M5 (B58&$'"%5B(
f5$(5,$*($5B),%0(8&(5008/*&5, (,*25/*&$ (8& ('7% (o**0),58&b( 8&(^5"5&5$8 (gX%&5"E$i(5&0(!5'&5L(
H8&5,,6F( '7%($%08B%&'$(%D)*"'%0(.6( '7%(f7*,%(;5&M5 (.5$8&(f%"%("%)%5'%0,6($5B),%0(0+"8&M(
B*&$**&(*&('7%(;5&M5 (8&(X5&M,50%$7(5'(W5"08&M(X"80M%(gjkkjF(jkkrF(jkkuF(jkk�(5&0(jklkiL(
c78$ ($'5/*&(,*25'%0(.%P*"%('7%(2*&o+%&2% (*P('7%(;5&M5(f8'7('7%(X"57B5)+'"5 (8&'%M"5'%$ (5,,(
B5S*"(5é+%&'(*P('7%("8K%"(gH8M+"%( L̂liL(

( [5B),8&M( 8&2,+0%0b( gli($%08B%&'( 0%)'7()"*O,%$ (8&('7% (f5'%"( 2*,+B&('75'(5,,*f$ ('*(
25)'+"%('7%(P+,, ($%08B%&'*,*M825,(K5"85.8,8'6(*P('7%('"5&$)*"'%0(B5'%"85,F(gji(0"%0M%0(.%0,*50(
$5B),%$ (5&0(gqi("%2%&'(0%)*$8'$ (5&0(.5&Y($%08B%&'$L(c7%(0%'58, (*P($5B),8&M('%27&89+%$ (5&0(
)"%)5"5/*&(25&(.%(P*+&0(8&(g;5,6( %'(5,LF( jkk�(5&0(:+)Y%"( %'( 5,LF(+*@B3F$-%@iL(!5"'(*P('7%(
$5B),8&M()"%$%&'%0(8&('78$ (f*"Y(75K% (5,"%506(.%%&(+$%0('*(0*2+B%&'(*"M5&82(25".*&(o+D%$(
g;5,6( %'( 5,LF( jkkuÇ( jkk�iF( "%$80%&2%(5&0('"5&$P%"( /B%$ (8&('7%(;5&M5(.5$8&( g;"5&%'( %'( 5,LF(
jkkuÇ( jklkiF( B8&%"5,*M825,( K5"85.8,8'6( g;5"Q5&/( %'( 5,LF( jklkÇ( jklli( 5&0( '*( .+0M%'( M,*.5,(
$%08B%&'(o+D%$(5&0(2*B)*$8/*&(g:+)Y%"(%'(5,LF(+*@B3F$-%@iL(

H:!:#B/6^34#/'/3W,&,

a!W!K!%S'`6)%',-%")'5$%$($B$,.+

% [%08B%&'$( f%"%( )*f0%"%0( 8&( 5&( 5M5'%( B*"'5"( .%P*"% ( 5&5,6$8$L( <5S*"( 5&0( '"52%(
%,%B%&'( 2*&2%&'"5/*&$(f%"% (B%5$+"%0( .6( 3G!I]?[( 5&0( 3G!I<[( 5'( [%"K82%( 0-]&5,6$%(0%$(
@*27%$ (%'( 0%$ (<8&#"5+D( g[]@<( ù( G@!;F( 45&26IH"5&2%i(*&(.+,Y( 5,89+*'$ (*P( í( lkk( BM(*P(
$%08B%&'( 5ê%"( ,8'78+B(B%'5.*"5'%(P+$8*&(g;*K8&05"5S+(5&0(<%K%,,%F(ls�uÇ(G5"8M&5&(%'(5,LF(
jkkliL(@%,5/K%(+&2%"'58&'6(P*"(B5S*"(%,%B%&'5,(2*&2%&'"5/*&(8$(.%R%"('75&(jpL(

a!W!W!%/')@6,'.$%56,.$,.%-$.$)B3,';6,

% G5".*&5'%$ (2*&'%&'$(f%"%(B5&*B%'"825,6( 0%'%"B8&%0(P"*B('7%(Gz%( "%,%5$%0(5ê%"(
"%52/*&(f8'7(WA!zB(f8'7(qk( '*(vk(BM($5B),% (g[7%))5"0(5&0([27f5"2QF(lsukÇ( ;5,6( %'( 5,LF(
lsssiL( G5,28'%(f5$ (0%'%"B8&%0(5ê%"( q( 7"( 5'( jváGF( 5&0(0*,*B8'%(2*&'%&'( f5$ ($%9+%&/5,,6(
0%'%"B8&%0(5ê%"( 5008/*&5, (u(056$("%52/*&(5'( vkáGL( (c7%(8$*'*)82( 2*B)*$8/*&$ (*P(25,28'%(
5&0(0*,*B8'% (f7%"% (B%5$+"%0(5$(ì!Dz(g[<zÉi(5&0(ì!AG( g!1Xi(*&( '7%("%,%5$%0(Gz%$.6( 5(
B*08O%0(^;I~kj(B5$$($)%2'"*B%'%"L(@%)*"'%0("%)"*0+28.8,8'6(8$(ô(kLl(òL

U($/0,1234*+$5<9=9>?-$H3+7$0-$767,Q=-$<9=3036-+

ljr



a!W!a!%N8-)';6,%',-%CrN%+.'@($%3+6.6035%56B06+3;6,%3,%+$-3B$,.+

( G7%B825, ( f%5'7%"8&M( *P( 5,+B8&*I$8,825'%$( 8$ ( 275"52'%"8Q%0( .6( 5&( 8&2"%5$%( 8&(
2*&2%&'"5/*&(*P($'"+2'+"5, (760"*D6, (M"*+)$F(7%"%8&('%"B%0(îW%z&ïF(*P(B8&%"5,$(5$ ('7%(+)'5Y%(
*P()"*'*&$ (.6( 760"*,6$8$ (*"( &%*IP*"B5/*&(*P(760"*D6, ("827(B8&%"5,$ (.5,5&2%$ ('7% ("%,%5$%(*P(
25/*&$ ( '*( '7%( $*,+/*&L( 3&( '78$( f*"Y( f%( +$%0( '7%( 760"5/*&F( 8L%L( zW:( 2*&'%&'F( *P( .+,Y(
$%08B%&'$(5$(5()"*D6( P*"( '7%8"( B5'+"8'6( f8'7( "%$)%2'( '*(f%5'7%"8&ML( c7%(1}W( "5/*(*P('7%(
760"*D6,$ (M"*+)$(P*"B%0(.6(B8&%"5, (760"*,6$8$ (5&0($%2*&05"6(B8&%"5,(P*"B5/*&("%o%2'$ ('7%(
8$*'*)82(2*B)*$8/*&(*P( '7%(f5'%"( P"*B(f7827('7%6(f%"%(P*"B%0(g[5K8&(5&0(?)$'%8&F(lsukÇ(
:5f"%&2% (5&0(c56,*"F(lsulF(lsujÇ(;8,M(5&0([7%))5"0F(lss~i(5&0(2*+,0()*'%&/5,,6(.%(+$%0(5$(
'"52%"(P*"( '7% (f%5'7%"8&M(,*25/*&L( ?D8$/&M(B%'7*0$(P*"(1}W(5&5,6$8$ (8&("*2Y$ (g[75")(%'(5,LF(
jkklÇ( ;%7"%(5&0(['"5+27F( jkkqÇ(;*&M(%'(5,LF(jkkuÇ( ;5"Q8*&%(%'(5,LF( jkk�i(f%"% (505)'%0('*(
B%%'( '7%( 2*&$'"58&$ (*P( f*"Y8&M( *&( 0%'"8'5,F( 2,56( "827( $%08B%&'$L( X%'f%%&( j( '*( �( BM( *P(
)*f0%"%0( $5B),%$ (f%"% (5&5,6Q%0( *&I,8&%( *&( 5&( ?,%B%&'5, (]&5,6Q%"( g?]i( 2*+),%0( '*( 5&(
3$*)"8B%(3$*'*)%(@5/*(<5$$([)%2'"*B%'%"(g3@<[i(5$(P*,,*f$b

( H8"$'F(50$*".%0(5&0(8&'%"I,56%"(f5'%"( $7*+,0(.%("%B*K%0L(4*(M%&%"5,(2*&$%&$+$ (*&(
'7%( %,8B8&5/*&( )"*2%0+"%( *P( 50$*".%0( f5'%"( 25&( .%( P*+&0( 8&( '7%( ,8'%"5'+"%L( !"*)*$%0(
)"*2%0+"%$(75K%(%D),*"%0(7%5/&M('7%($5B),%('*(jvkáG(+&0%"(K52++B(P*"(j('*(q(7*+"$(g[5K8&(
5&0(?)$'%8&F(lsukiF(jkkáG( P*"(lj(7*+"$ (g;8"5"0(%'(5,LF(jkkkiF(qvkáG(P*"(r(7*+"$ (g;*&M(%'(5,LF(
jkkui(*"(ukáG(+&0%"(K52++B(P*"(jk(056$ (g;5"Q8*&% (%'(5,LF(jkk�iL(d5))(5&0(!%0,%6(gls�vi(5&0(
;8"5"0(%'(5,L(gjkkki(5,$*(+$%0(+)('*(q(7*+"$()+B)8&M(5'(lkkáG('*("%B*K%(%D275&M%5.,%(f5'%"(
P"*B(&5'+"5, (M*%'78'%$L( 3&(*+"()"*2%0+"%F()"%If%8M7'%0(8&(/&(25)$+,%$ ($5B),%$ (f%"% (),52%0(
8&(5 ($5B),% (25""*+$%, (5&0(0%M5$$%0(5'(ljkáG( +&0%"( $%2*&05"6(K52++B(P*"(r�7L(;"%5'( 25"%(
f5$('5Y%&('*(+$% (2*&$'5&'(0%M5$$8&M('%B)%"5'+"%(5&0(/B%(P*"(5,, ($5B),%$('*(%&$+"%(8&'%"&5,(
"%)"*0+28.8,8'6( *P( '7%( 05'5L( 1%M5$$8&M( P*"( ,%$$ ('75&( r�7( "%$+,'%0( 8&( 78M7%"( K5"85.8,8'6( 8&(
$5B),%(f5'%"(2*&'%&'(5&0(8$*'*)82(2*B)*$8/*&('75'(f5$(5R"8.+'%0('*("%B58&8&M(50$*".%0(
f5'%"L(]ê%"(0%760"5/*&F('7%(0%M5$$8&M(+&8'(f5$ (),52%0(8&(5 (0"6F(4%(o+$7%0F(M,*K%(.*DL(c7%(
$5B),%(25""*+$%, (f5$ ('7%&('"5&$P%""%0(f8'78&('7%(M,*K%(.*D( 8&(5 (2+$'*BF( $%5,%0(5+'*B5/2(
$5B),%"()"%Io+$7%0(f8'7(W%L(c7%($5B),%"(f5$ ('7%&("%2*&&%2'%0('*('7%(?](5&0(%K52+5'%0(
P*"( 2L5L(jk(B8&(.%P*"%(*)%&8&M( 8'('*('7%("%0+2/*&(2*,+B&L(c78$ ()"*2%0+"%($+))"%$$%$ (5&6(
2*&'52'(*P($5B),%$ (f8'7(5'B*$)7%"82(B*8$'+"%('75'(2*+,0("5)80,6("%I760"5'%('7%($5B),%$ (5&0(
f5$(P*+&0('*(8&2"%5$%(*K%"I5,,("%)"*0+28.8,8'6(*P('7%(îW%z&ï(5&0(1}W(B%5$+"%B%&'$L(

( [5B),%$ (f%"%(2*B.+$'%0(*&(5&(?](M,5$$6(25".*&("%52/*&('+.%F()52Y%0(f8'7(M,5$$6(
25".*&(278)$(5&0(%&2,*$%0(8&(2%"5B82( ,8&%"( '*("%0+2%(760"*D6,$('*(W%L( c7%('%B)%"5'+"%(*P(
'7%(2*,+B&(f5$(Y%)'(5'(lrvkáG( .6(5 (>5&'75,I[+)%"'75,(7%5/&M(%,%B%&'L(W8M7('%B)%"5'+"%(
f5$("%9+8"%0('*( %&$+"% ("5)80($5B),% ("%0+2/*&F( '*()"%K%&'( GWA( P*"B5/*&( gX+"M*6&%(5&0(
W56%$F(lss�i(5&0('*(8B)"*K%('7%("%)"*0+28.8,8'6(5$ (5,"%506(&*/2%0(.6( *'7%"(5+'7*"$(g[75")(
%'(5,LF(jkklÇ(;%7"%(5&0(['"5+27F(jkkqiL(W%(25""8%"()"%$$+"% (f5$(B58&'58&%0(5'(ljk(Y!5(5&0(
'7%( )"*0+2%0( M5$%$( f%"%( $%)5"5'%0( *&( 5 ( 27"*B5'*M"5)782( 2*,+B&( Y%)'( 5'( ~káGL( ]ê%"(
27"*B5'*M"5)782($%)5"5/*&F(W%(f5$ (8&'"*0+2%0(8&('7% (<[($*+"2%('7"*+M7(5&(*)%&I$),8'(5&0(
5&5,6Q%0(P*"(1}W(8$*'*)82(2*B)*$8/*&L(WA&( 2*""%2/*&(f5$()%"P*"B%0(P*"(%527($5B),%(P"*B(
8&(7*+$%(W%$$'5&05"0(8&S%2/*&$(2*K%"8&M('7%($5B),%($8M&5,("5&M%L([*+"2%('"5)(2+""%&'(f5$(
Y%)'(5'(vkk(B](5&0($5B),%$(f%"%(B%5$+"%0(f8'7(5 (B5S*"()%5Y(7%8M7'(.%'f%%&(~(5&0(lk(&]L(
]B*+&'(*P(W%()"*0+2%0(f5$(0%'%"B8&%0(P"*B('7%(8&'%M"5/*&(*P('7%(B5S*"()%5Y(5"%5L

( c7"%%(08T%"%&'( 8&'%"&5, ($'5&05"0$ (g<+$2*K8'%b(<+$21~vF(!7,*M*)8'%b(<825I<M(5&0(5(
O&% (M"58&%0(B5"8&%($%08B%&'(P"*B('7%(.56(*P(X%&M5,b([zl��i(f%"% ("*+/&%,6(8&2,+0%0(0+"8&M(
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$5B),%(5&5,6$8$ ('*(522*+&'( P*"( 8&$'"+B%&'5, (0"8êL(c7%$% (8&'%"&5,($'5&05"0$ (f%"%(25,8."5'%0(
5M58&$'(3]?]("%P%"%&2%(B5'%"85, (4X[qk(gX8*/'%F(ì1(ã(I~vLu(òiF(4X[jj(gz8,F(ì1(ã(Iljk(òi(5&0(
GWIu(g!*,6%'76,%&%F(ì1(ã(IlkkLq(òi(P*"(1}W(8$*'*)82(2*B)*$8/*&(5&0(<[(,8&%5"8'6L(îW%z&ï(*P(
'7%( 8&'%"&5,( $'5&05"0$ ( f%"%( 25,8."5'%0( 5M58&$'( 5&5,6$8$( *P( '7% ( $5B% ( 8&'%"&5, ( $'5&05"0$(
0%M5$$%0(+$8&M( '7%( $5B%()"*2%0+"% (*&( 5( 2,5$$825, (%D'"52/*&( ,8&%( 8&K*,K8&M( %D'"52/*&(*P(
f5'%"( 5&0( $+.$%9+%&'( "%0+2/*&( *&( 5( +"5&8+B( P+"&52%( gX8%M%,$%&( %'( 5,LF( lsvjiL( 1}W( 8$(
"%)*"'%0(5$ (ì1(5&0(8$ (&*"B5,8Q%0(5M58&$'([<zÉL(c7%(*K%"5,,F(,*&M('%"BF(l(©F("%)"*0+28.8,8'6(
*P('7%(B%'7*0(*&($%08B%&'$ (5&0("*2Y$ (8$(M8K%&(5'(j(ò(P*"(ì1(5&0(kLl(p(P*"(îW%z&ï(gH8M+"%( L̂
jiL( ],, ( $5B),%$ ( f%"%( 0+),825'%0F( 5&0( "%5&5,6Q%0( 8P( 08T%"%&2%( %D2%%0%0( '7%( "%)*"'%0(
"%)"*0+28.8,8'6L

VR*B)+(4.+

# c7%( 0%'58,%0( 2*B)*$8/*&( *P( $%08B%&'$( +$%0( 8&( '78$ ( f*"Y( 8$( "%)*"'%0( 8&( '7%(
$+)),%B%&'5"6(05'5(O,%F('5.,%([lL

_:)#D&'4./3#,V.7'Y#/'5#l4/-Z4.&'Y#+%5Y4-#/^^.V/0Z

( c7%(0%)'7( $5B),8&M$ ()%"P*"B%0(*&( '7%( "8K%"$(*P( '7% (;5&M5 (.5$8&( $7*f(5( $'"*&M(
7%'%"*M%&%8'6(*P('7%(27%B825,(2*B)*$8/*&(*P($+$)%&0%0($%08B%&'$(f8'78&(*&% ($8&M,% (f5'%"(
2*,+B&(gH8M+"%( L̂qiL(W%'%"*M%&%8/%$ (8&("8K%"($%08B%&'(27%B8$'"6(5$ (5(P+&2/*&(*P($5B),8&M(
0%)'7(75K%(.%%&()"%K8*+$,6(0%$2"8.%0(P*"('7%(;5&M5IX"57B5)+'"5 (5&0(*'7%"(,5"M%("8K%"(g%LML(
;5,6(%'(5,LF(jkkuÇ(X*+27%Q(%'(5,LF(jkll5Ç(;5"Q5&/(%'(5,LF(jkllÇ(:+)Y%"(%'(5,LF(+*@B3F$-%@iL(c7%(
760"*06&5B82( 2*&'"*, (*&('7%(27%B825, (2*B)*$8/*&(*P( $%08B%&'$ (8&( '7% (;5&M5(@8K%"( 75$(
.%%&(0%'58,%0(8&(:+)Y%"(%'(5,LF(+*@B3F$-(@(5&0(,8&Y%0('*(B8&%"5,($*"/&M(%T%2'$(g;5"Q5&/(%'(
5,LF(jklliL(X"8%o6F('7% ("8K%"(760"*06&5B825,(2*&08/*&$ (*P('7% ($5B),%0(f5'%"(2*,+B&(2*&'"*,$(
'7%( $+$)%&$8*&( *P( $%08B%&'$ ( .5$%0( *&( '7%8"( M"58&( $8Q%F( $75)%( 5&0( 0%&$8'6L( H*"( )*,6I
B8&%"5,*M825, ($%08B%&'$F('78$ ("%$+,'$ (8&(5 (B8&%"5,*M825, (5&0('7+$ (27%B825,(08T%"%&/5/*&(*P(
$%08B%&'$('7"*+M7('7%(f5'%"(2*,+B&L(

( c7%( B58&( B8&%"5,$ ( 2*&'"*,,8&M( '7% ( 08$'"8.+/*&( *P( B5S*"( %,%B%&'$ ( 8&( '7% ( f5'%"(
2*,+B&(5"%($+BB5"8Q%0( 8&(c5.,% (lL( ;5&M5 ($%08B%&'(B8&%"5,*M6( 8$ (0*B8&5'%0(.6( 9+5"'QF(
B825(5&0(P%,0$)5"F(f8'7(*22+""%&2%(*P(*'7%"()76,*$8,825'%$F(2,56(5$$%B.,5M%$ (5&0(760"*D80%$(
8&( '7% ( O&%"( P"52/*&L( G5,28'%( 5&0( 0*,*B8'% ( M"58&$ ( 5"% ( 5,$*( 5.+&05&'L( H*"( 0%'58,%0(
B8&%"5,*M825, (5&5,6$8$ ($%%(;5"Q5&/(%'(5,LF(jklk(5&0(;5"Q5&/(%'(5,LF(jkllL(3&('7%(;5&M5(.5$8&(
@8K%"$F($%08B%&'(,*50(8&2"%5$%$(.*R*B(f5"0$(.6(5 (P52'*"(j('*(q(.%'f%%&('7%($75,,*f%$'(5&0(
0%%)%$'($5B),%$L(]$ (8,,+$'"5'%0(8&(H8M+"% (̂ LqF('7%(B5S*"(%,%B%&'(2*B)*$8/*&(*P($+$)%&0%0(
$%08B%&'$( 8$ ( K5"85.,% ( P"*B( $+"P52%( '*( .*R*BL( [8z%( 2*&2%&'"5/*&( 8&2"%5$%$( .*R*Bf5"0(
P"*B(vk('*(~k(f'p(8& ($+"P52%($5B),%$ ('*(~k('*(uv(f'p(P*"('7%(0%%)%$'($+$)%&0%0($%08B%&'$(
5&0( +)( '*( �v( f'p( 8&( .%0,*50( $5B),%$L( 45%z( 2*&2%&'"5/*&$ ( 8&( $+"P52%( $%08B%&'$( 5,$*(
8&2"%5$% (P"*B($+"P52%(g25L(kLs(f'pi('*(.*R*B(g25L(lLl('*(lLq(f'pi(f78,% (.%0,*50($%08B%&'$(
75K%('6)825,(2*&2%&'"5/*&$(.%'f%%&(g25L(lLl(5&0(lLq(f'pi(P*"(;5&M5($%08B%&'$L(
( z&('7%(2*&'"5"6F( ],%zAF( H%%zAF( >%z( 5&0(W%z&

$ $7*f(0%2"%5$8&M( 2*&2%&'"5/*&$ (f8'7(
f5'%"(0%)'7L(],%zA(2*&2%&'"5/*&$("5&M%(P"*B(25L(lv('*(l�(f'p(8&($+"P52%($5B),%$('*(25L(lk(
'*( lr( f'p( P*"( '7%( 0%%)%$'( $5B),%$( 5&0( 0*f&( '*( uI�( f'p( 8&( .%0,*50( $5B),%$L( H%%zA(
2*&2%&'"5/*&$ ("5&M%(P"*B(~( '*(�( f'p( 8&( $+"P52%($5B),%$ ('*( r( '*(~( f'p( 8&('7%(0%%)%$'(
$5B),%$ (0*f&('*(j('*(q(f'p(8&('7% (.%0,*50L(>%z(2*&2%&'"5/*&$(*P('6)825, ($+"P52%($%08B%&'$(
5"% (*P('7%(*"0%"(*P(q('*(r(f'p(5&0(0%2"%5$% ('*(j('*(q(f'p(8&(0%%)($%08B%&'$ (5&0(l('*(j(f'p(
8&(.%0,*50($5B),%$L(W%z&( 2*&2%&'"5/*&$ ("5&M%(P"*B(25L(q('*(r(f'p(8&($+"P52% ($5B),%$('*(l(
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'*(j(f'p(8&(0%%)%"( $5B),%$(5&0(0*f&('*(kLv(f'p(8& (.%0,*50($5B),%$L( c7% (1}W( 8$*'*)82(
2*B)*$8/*&(*P( $%08B%&'$ ("5&M%$ (P"*B( I( uk( '*( I( llk(ò( 5&0(8$(&*'( 2,%5",6( 0%)%&05&'( *&(
$5B),8&M(0%)'7L(1*,*B8'% (5&0(25,28'%(2*&'%&'(*P($%08B%&'$(8$ (5,$*(78M7,6(K5"85.,%(0%)%&08&M(
*&( '"8.+'5"8%$ ( gP"*B( k( '*( *K%"( jk( f'pi( 5&0( $7*f$( &*( 2,%5"( 0%)%&0%&2%( f8'7( 0%)'7L(
0%)%&08&M()"8B5"8,6( *&('7% ('"8.+'5"8%$L( ]$(G5z(5&0(<Mz(2*&'%&'$("%o%2'( .*'7(25".*&5'%(
5&0($8,825'%(0%'"8'5, ($*+"2%$F( '7%(2*&2%&'"5/*&(*P(G5z(5&0(<Mz($7*f$(5()**"(0%)%&0%&2%(
f8'7(0%)'7L(

`+>1)'5T3B/5@%),825'%(5&5,6$8$(*P(8&'%"&5,( $'5&05"0$(<+$21~vF (<825I<M(5&0( [zl��( P*"(
W%z&( 2*&2%&'"5/*&( g'*)(OM+"%i(5&0(1}W(8$*'*)82(2*B)*$8/*&( g,*f%"( OM+"%i( "*+/&%,6(
B%5$+"%0L (<%5$+"%B%&'$( *P( 8&'%"&5/*&5,( "%P%"%&2%( g4X[jjF (4X[( jj( 5&0( GWIui( 5"%(
5,$*(8&0825'%0L

!"#

!"$

%"#

%"$

&"#

&"$

$"#

# $# '## '$# !## !$# %## %$# &##
!"#$#"%&'(

)*
+,
-.
$/
01

('%#

('!#

(''#

('##

()#

(*#

(+#

(,#

($#

# $# '## '$# !## !$# %## %$# &##
!"#$#"%&'(

2
$3
$4$
56

,
7

MuscD65, n=273 
4.39 (±0.07) %

SO188, n=248 
4.32 (±0.06) %

NBS30, n=43 
3.63 (±0.06) %

MicaMg, n=208 
2.58 (±0.04) %

NBS30, n=43
- 65.7 (±0.7) ‰

MicMg, n=208 
- 76.4 (±1.6) ‰

SO188, n=248 
- 80.8 (±1.7) ‰

MuscD65, n=273 
- 86.8 (±1.5) ‰

CH-7, n=4 
- 105.5 (±0.8) ‰

NBS22, n=3 
- 120.2 (±0.3) ‰
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 Si Al Fe Na K Ca Mg H2O+

Enrichment 
in water 
column

bottom surface surface bottom surface n.d. surface surface

Carrying 
mineral  

Quartz     
Feldspars  

Mica

Mica    
Feldspar     

Clay

Biotite     
Clay         
Fe-

hydrox.  
Opaque

Albite    
Other 

feldspar

Mica            
K-feldspar

Calcite 
Dolomite    

Plagioclase

Mica         
Dolomite

Mica         
Clay            

Fe-hydrox.

( c7%(,5"M% (K5"85.8,8'6(*P($%08B%&'(2*B)*$8/*&(P*+&0(8&(5 ($8&M,%(f5'%"(2*,+B&(75$ ('*(
.%(522*+&'%0(P*"( '*(0%"8K%("%,85.,% (8&P*"B5/*&(*&( '7%(%K*,+/*&(*P( '7% ($%08B%&'$(0+"8&M(
'7%8"( '"5&$P%"( 8& ('7%(;5&M%/2( o**0),58&L( H*,,*f8&M( g;5,6( 5&0(H"5&2%I:5&*"0F( jkkli(5&0( 8&(
*"0%"( '*( 08$%&'5&M,%( B8&%"5,*M825, ( $*"/&M( $8M&5,$ ( P"*B( '7%( '"+%( 27%B825, ( %K*,+/*&( *P(
$%08B%&'$(8&(,5"M% ("8K%"$F('7%(27%B825,(%,%B%&'$ (f7%"%(O"$'(&*"B5,8Q%0('*($8,82*&(2*&'%&'('*(
%D2,+0%(08,+/*&(%T%2'$(0+%('*(K5"85.,%(25".*&5'%(2*&'%&'$L(c7%(%,%B%&'5, ("5/*$ (5"%('7%&(
%K5,+5'%0(f8'7("%$)%2'('*('7%8"(],}[8 (B*,5"("5/*L(],}[8 (8$ (+$%0(5$ (5 ()"*D6(*P(B8&%"5, ($*"/&M(
%T%2'$ (5&0(8$ ($'"*&M,6( 2*""%,5'%0('*(M"58&($8Q%(g:+)Y%"( %'( 5,LF( +*@B3F$-% @iL( G*5"$%IM"58&%0(
$%08B%&'$(5"%(%&"827%0(8&(9+5"'Q(5&0(75K%('7+$(5(,*f(],}[8 ("5/*(f78,%(O&%"(M"58&%0($+"P52%(
$%08B%&'$( '%&0( '*( .% (%&"827%0( 8&()76,*$8,825'%$ (5&0( 2,56( B8&%"5,$ ('75'( 75K% (78M7%"( ],}[8(
"5/*$L(c7%(f5'%"(2*,+B&(8$ ('7+$(f%,, (0%$2"8.%0(.6(5("5&M%(*P(],}[8("5/*$(5&0(760"*06&5B82(
B8&%"5,($*"/&M("%$+,'$ (8&(5 (B8D8&M('"%&0(.%'f%%&('7%$% ('f*(%&0IB%B.%"$(gH8M+"%( L̂r5iL( 3&(
'7%(W8B5,565&($6$'%BF(08$$*,K%0([8 (5&0(],(522*+&'(P*"("%$)%2/K%,6(25L(l(p(5&0(,%$$('75&(kLl(
p(*P('7%()5"/2+,5'% (o+D( g;5,6(5&0(H"5&2%I:5&*"0F(jkkliL(c7%$% (%,%B%&'$ (25&('7%"%P*"%(.%(
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9+5"'Q( P"52/*&$( 5&0( .6( 08T%"%&2%( '%&0( '*( %&"827( '7% ($+$)%&0%0( ,*50( 8&( O&%"F( 2,56( "827(
$%08B%&'$L( c78$( $%9+%$'"5/*&( "%$+,'$ ( 8&( 5&( 8&2"%5$%( *P( '7%( 5K%"5M%( ],}[8( "5/*( *P( '7%(
'"5&$)*"'%0($%08B%&'$(0+"8&M(o**0),58&('"5&$P%"('75'(75$ ('*(.%(522*+&'%0(P*"(gH8M+"%( L̂r.iL(
W*f%K%"F(:+)Y%"(%'(5,L(g+*@B3F$-%@i($7*f('75'(P*"('7%(;5&M5 (o**0),58&('78$ (%T%2'(8$ (,8B8'%0(
5$ (*&,6( lk( p( *P( '7%(%"*0%0($%08B%&'( o+D( 8$ (0%)*$8'%0( 8&( '7% (o**0),58&L( c7%$% (5+'7*"$(
%$/B5'%('7% (5K%"5M%(],}[8 ("5/*(*P('7%($%08B%&'$ (%&'%"8&M('7% (o**0),58&(5'(kLjj(f78,%('7%(
$%08B%&'$('"5&$)*"'%0(.6( '7%(;5&M5(8&(X5&M,50%$7(75K% (*&,6( $,8M7',6( 78M7%"( ],}[8 ("5/*$(*P(
kLjqL( c7%(&%'(f%5'7%"8&M(*P( $%08B%&'$ (8&('7% (o**0),58&(8$ ('7+$ (M8K%&(.6( '7%(08T%"%&2%(*P(
'7%8"(2*B)*$8/*&(%K5,+5'%0(5'(],}[8 (ã(kLjj(5'('7%(W8B5,565&(P"*&'(5&0(kLjq(P*"('7%(;5&M5(8&(
X5&M,50%$7(gH8M+"%( L̂r.iL
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2*5"$%"( P"52/*&( g,*f%"( ],}[8("5/*i(5$($'5'%0(%5",8%"L( c7%$%(2*""%,5/*&$ (5"%(,8&%5"( P*"( H%F(>(
5&0( W%z&( $+MM%$/&M( 5 ( $8B),%( .8&5"6( B8D8&M( .%'f%%&( '7% ( 2*5"$%( 5&0( O&%IM"58&%0( %&0I
B%B.%"L(H*"(45 ('7%("%,5/*&(B*"% (2*B),%D(5&0($+MM%$'$ ('7%(B8D8&M(f8'7(B*"%('75&(j(%&0I
B%B.%"$L( 3'( 25&( .% ( 0%$2"8.%0( .6( 5 ( ,*M( "%,5/*&$78)( '75'( "%)"%$%&'$ ( 5( "%5$*&5.,%(
5))"*D8B5/*&(P*"( 8&'%"B%085'% (],}[8( "5/*$ (gkLlv( ù( kLqkiL( c7%(*K%"5,, (K5"85.8,8'6( 5B*&M$'(
"8K%"$ (8$ (B5D8B+B( P*"( '7%(O&%"( P"52/*&( '75&( P*"( '7%(2*5"$%(P"52/*&L( X%0I,*50($%08B%&'$(
$7*f(5(+&8P*"B(2*B)*$8/*&(5B*&M('7% (;5&M%/2(),58&(%K%&(8P($*B%(K5"85.8,8'6( 8$ (*.$%"K%0(
5&0(B58&,6(5R"8.+'%0('*(),52%"(%T%2'$ (5&0(522%$$*"6(B8&%"5,$L(?527($5B),8&M(6%5"(5&0($8'%(
$7*f$ (5 (+&89+%(2*""%,5/*&(.%'f%%&(5 (7*B*M%&%*+$(.%0,*50(5&0(5 (K5"85.,% (O&%IM"58&%0(
%&0IB%B.%"L(É%(f8,, (P+"'7%"( 0%$2"8.% ('7%(K5"85.8,8'6( 5B*&M$'( "8K%"$ (5&0( $5B),8&M( 05'%$(
.5$%0(*&('7%$%(2*""%,5/*&$L

(

`+>1)'5T3S/5 ?K*,+/*&( *P( '7%( "5/*( H%}[8( 5$( 5( P+&2/*&( *P( '7%( ],}[8( "5/*F( )"*D6(P*"( M"58&I$8Q%( 5&0(
B8&%"5,( $*"/&M( 8&( '7%( "8K%"( f5'%"( 2*,+B&L(83( ?K*,+/*&( *P( H%}[8( .%'f%%&( W8B5,565&( P"*&'( "8K%"$(
gd5B+&5F(;5&M5F(>5"&5,8F(45"565&8F(>*$8i( 8&(.,52Y($9+5"%$F('7%( $5B%( "8K%"$($5B),%0( P+"'7%"( 0*f&(
$'"%5B(5ê%"('"5&$P%"(8&('7%(o**0),58&(8&(,8M7'(M"%6(085B*&0$(5&0('7%(;5&M5($5B),%0(8&(X5&M,50%$7(
f7%"%(8'( 8&'%M"5'%$('7%(P+,,( .5$8&( g*)%&( 28"2,%$iL(],$*( ),*R%0( 8$( '7%(B5S*"( $*+'7%"&( '"8.+'5"6F ('7%(
G75B.5,L(<3( 1%'58,%0( M"5)7( *P( '7%( W8B5,565&( P"*&'( "8K%"$L (*3 ( c%B)*"5,( K5"85.8,8'6( *P( $%08B%&'$(
$5B),%0(8&('7%(;5&M5(8&(X5&M,50%$7F(),*R%0(5$(5(P+&2/*&(*P($5B),8&M(6%5"L
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`+>1)'5T3U/5?K*,+/*&(*P('7%( "5/*(45}[8( 5$( 5( P+&2/*&(*P('7%( "5/*(],}[8L(835?K*,+/*&( *P(45}[8( P"*B(
'7%(W8B5,565&(P"*&'("8K%"$(g.,52Y($9+5"%$iF(P+"'7%"(0*f&$'"%5B(+)*&(o**0),58&('"5&$P%"(g,8M7'(M"%6(
085B*&0$i( 2*B)5"%0( '*( ;5&M5( $%08B%&'$( $5B),%0( 8&( X5&M,50%$7( g*)%&( 28"2,%$i( 5&0( '7%( B5S*"(
$*+'7%"&(2*&'"8.+/*&('7%(G75B.5,(g.,52Y('"85&M,%$iL(<351%'58,%0(),*'(*P('7%(%K*,+/*&(*P(W8B5,565&(
"8K%"$( +)*&( o**0),58&( '"5&$P%"L(*35 3&'%"I5&&+5,( K5"85.8,8'6( *P( '7%( 45}[8( "5/*( 8&( ;5&M5( $%08B%&'$(
$5B),%0(8&(X5&M,50%$7L
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`+>1)'5T3O/5?K*,+/*&(*P('7%("5/*(>}[8(5$(5(P+&2/*&(*P('7%("5/*(],}[8L(835?K*,+/*&(*P(>}[8(P"*B('7%(
W8B5,565&( P"*&'( "8K%"$( g.,52Y( $9+5"%$iF( P+"'7%"( 0*f&$'"%5B(+)*&( o**0),58&( '"5&$P%"( g,8M7'( M"%6(
085B*&0$i( 2*B)5"%0( '*( ;5&M5( $%08B%&'$( $5B),%0( 8&( X5&M,50%$7( g*)%&( 28"2,%$i( 5&0( '7%( B5S*"(
$*+'7%"&(2*&'"8.+/*&('7%(G75B.5,(g.,52Y('"85&M,%$iL(<351%'58,%0(),*'(*P('7%(%K*,+/*&(*P(W8B5,565&(
"8K%"$( +)*&( o**0),58&( '"5&$P%"L( *35 3&'%"I5&&+5,( K5"85.8,8'6( *P( '7%( >}[8( "5/*( 8&( ;5&M5( $%08B%&'$(
$5B),%0(8&(X5&M,50%$7L
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(
( c7%(B5S*"( '"5&$IW8B5,565&(@8K%"$ (g'7% (d5B+&5F(;5&M5F(>5"&5,8F( 45"565&8 (5&0(>*$8i(
$5B),%0(5'('7% (W8B5,565&(P"*&'(gW8B5,565&(P"*&'(@8K%"$ (8&(H8M+"%(̂ LvF( L̂~F( L̂u(5&0( L̂�i($7*f(
5 (O"$'(*"0%"(7*B*M%&%*+$ (H%}[8 (gH8M+"%(̂ LvL5i(5&0(>}[8 (gH8M+"%(̂ LuL5Li("%,5/*&('*(],}[8 (%K%&(8P(
$*B% ($%2*&0(*"0%"( K5"85/*&($+27(5$ (5&(%&"827B%&'( 8&(H%(P*"( '7%(>5"&5,8(25&(.%(*.$%"K%0L(
c7%(45}[8 (gH8M+"%( L̂~L5i(5&0(W%z&}[8(gH8M+"%( L̂�L5i(2*B)*$8/*&(*P('7%$%("8K%"$($7*f$ (B*"%(
K5"85.8,8'6( f8'7(B58&,6( 5 (7*B*M%&%*+$(2*B)*$8/*&(P*"( '7%(d5B+&5F( ;5&M5F( 45"565&8 (5&0(
>*$8 (.+'(5($8M&8O25&'(0%),%/*&(8&(45 (5&0(%&"827B%&'(8&(W%z&( 2*B)5"%0('*('7%(*'7%"('"5&$I
W8B5,565&(@8K%"$(P*"('7%($%08B%&'$($5B),%0(8&('7%(>5"&5,8L((

( ]ê%"('"5&$8/&M(8&('7%(o**0),58&(5&0(.%P*"% (B%"M8&M(f8'7('7% (;5&M5 (B58&$'"%5B('7%(
W8B5,565&(@8K%"$(gW8B5,565&(o**0),58&(@8K%"$ (8&(H8M+"%(̂ LvF( L̂~F( L̂u(5&0 (̂ L�i(5"%(B5"Y%0(.6(5(
$B5,, (.+'($8M&8O25&'(8&2"%5$%(8&('7% (H%}[8 ("5/*$L(H+"'7%"B*"%F('7%$% ("8K%"$ (5,$*(,**$%(45 (5&0(
>(f78,%('7%6(M58&(W%z&( 0+"8&M('7%8"(2*+"$%(8&('7%(;5&M%/2(o**0),58&L(c78$ (,*$$(8$(78M7%"( P*"(
45 ('75&( P*"( >L( c7%( ,*$$ (*P( 45(5&0(M58&(*P( W%z&( "%,5/K%('*([8(+)*&(o**0),58&('"5&$P%"( 8$(
B5D8B+B(P*"('7%(;5&M5(f78,%(8'(8$(,*f%"(P*"('7%(>5"&5,8(5&0(>*$8(@8K%"$L
G75B.5, (@8K%"($%08B%&'$F(P"*B('7% ($*+'7F(5"% (B5"Y%0(.6($8M&8O25&',6(78M7%"(H%}[8(5&0(W%z&}
[8 ("5/*$('75&(*'7%"(@8K%"$(8&('7%($6$'%BF(5,*&M(f8'7(,*f(45}[8 (5&0(>}[8 ("5/*$L(c78$ (G75B.5,(
$8M&5'+"%(25&(.%(P*,,*f%0(P+"'7%"(0*f&$'"%5B(8&('7%(d5B+&5 (5ê%"( 8'$ (2*&o+%&2% (f8'7('7%(

`+>1)'5T3a/5?K*,+/*&(*P( '7%( "5/*(W%z&}[8( 5$( 5(P+&2/*&(*P('7%("5/*(],}[8L(835?K*,+/*&( *P( W%z&}[8(
P"*B('7%(W8B5,565&(P"*&'("8K%"$(g.,52Y($9+5"%$iF(P+"'7%"(0*f&$'"%5B(+)*&(o**0),58&('"5&$P%"(g,8M7'(
M"%6(085B*&0$i(2*B)5"%0('*(;5&M5($%08B%&'$($5B),%0( 8&(X5&M,50%$7(g*)%&(28"2,%$i(5&0('7%(B5S*"(
$*+'7%"&(2*&'"8.+/*&('7%(G75B.5,(g.,52Y('"85&M,%$iL(<351%'58,%0(),*'(*P('7%(%K*,+/*&(*P(W8B5,565&(
"8K%"$( +)*&( o**0),58&( '"5&$P%"L(*353&'%"I5&&+5,( K5"85.8,8'6(*P( '7%(W%z&}[8("5/*( 8&(;5&M5($%08B%&'$(
$5B),%0(8&(X5&M,50%$7L

!"#$"
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%+,(
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)
H
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-.1-

-.2-

-.3-

-.- -./ -.0 -.1 -.2

-.--

-./-

-.0-
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@(A"'"*"#9B&+#C9:(;<&,
@(A"'"*"#9B'++>D'"(#9:(;<&,
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!+AC(
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!"#$"9(#9I"&"#",(

Al/Si (mol:mol) Al/Si (mol:mol)

Al/Si (mol:mol)
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G75B.5, (g>5,)8F($%%(H8M+"% (̂ Lli(f7%"%($%08B%&'$ (75K%('7%($5B%(27%B825, (275"52'%"8$/2$(5$(
G75B.5, ($%08B%&'$(5&0(%K%&(8&('7%(;5&M5(8&(^5"5&5$8(g5ê%"( '7%(2*&o+%&2%(*P( '7%(;5&M5(
f8'7( '7% ( d5B+&5i( f%"%( '7%( 27%B825, ( 2*B)*$8/*&$ ( 8$ ( 8&'%"B%085'% (.%'f%%&( W8B5,565&(
0%"8K%0($%08B%&'$(5&0(G75B.5,($%08B%&'$L(

( G*B)5"8&M('7%$% ('*('7%(;5&M5 (8&(X5&M,50%$7(5ê%"(2*,,%2/*&(*P(5,, (B5S*"('"8.+'5"8%$(
$7*f$ ('75'('7%(;5&M5 (75$ (*&(5K%"5M%($,8M7',6(78M7%"(H%}[8 ("5/*$ ('75&(W8B5,565&($%08B%&'$L(
;5&M5($%08B%&'$ (5"% (5,$*($8M&8O25&',6( 0%),%'%0(8&(45F(>(5&0(%&"827%0(8&(W%z&( 2*B)5"%0('*(
8'$ (W8B5,565&('"8.+'5"8%$ ('75'(B58&,6(2*&'"8.+'% ('*('7% ($%08B%&'(.+0M%'(8&(X5&M,50%$7L(c7%(~(
08T%"%&'( $5B),8&M( 6%5"$ (*&( '7% (;5&M5( "%K%5, (5 ( 6%5"I'*I6%5"( K5"85.8,8'6( P*"( 5,, (%,%B%&'$(
gH8M+"% (̂ Lv2F( L̂~2F( L̂u2F( L̂�2iL(c78$ (K5"85.8,8'6(f5$ (&*'(0%'%2'%0(8&(W8B5,565&(P"*&'(@8K%"$ (%K%&(
8P(*&,6(5 (B5D8B+B(*P('f*(08T%"%&'($5B),8&M(6%5"$ (8$ (5K58,5.,%L(c7%(K5"85.8,8'6(*&('7%(;5&M5(
$7*f$ ('75'(6%5"$ (f8'7(78M7(H%}[8 ("5/*$ (g%LML(jkkvi(5"%(2*%K5,(f8'7(,*f(45}[8(5&0(>}[8("5/*$(
$+MM%$/&M(5(2*BB*&(*"8M8&(*P(*.$%"K%0(K5"85/*&$L
H8&5,,6(5008/*&5, (B*"% (B8&*"( '"8.+'5"8%$(f%"%(5,$*(8&2,+0%0(8&('78$(f*"Y($+27(5$ ('7%("8K%"$(
B58&,6(0"58&8&M([8f5,8Y(*+'2"*)$(5&0('7% (;*B/(@8K%"(5$ (8&0825/K%(*P()+"%(o**0),58&(0%"8K%0(
B5'%"85,L( [8f5,8Y(@8K%"$( $7*f( 5 ($'"*&M( 0%),%/*&( 8&(45F( 5 (78M7(W%z&( 2*&'%&'( 5&0( $,8M7',6(
78M7%"( H%(2*&'%&'( '75&('7%(*'7%"( W8B5,565&(@8K%"$L( >( *&('7%(2*&'"5"6( 8$ ($8B8,5"( '*(*'7%"(
W8B5,565&(@8K%"$L( c7%(;*B/(@8K%"( 8$ (B*"%(0%),%'%0(8&(45F(>(5&0(%&"827%0(8&(H%(5&0(W%z&(
'75&( '7%( W8B5,565&( o**0),58&( @8K%"$F( $7*f8&M( '7% (B*"%(f%5'7%"%0( $'5'% ( *P( o**0),58&(
B5'%"85,L

b!a!a!%CrN%3+6.6035%56B06+3;6,%6<%+$-3B$,.+

( c7%(1}W(8$*'*)82(2*B)*$8/*&(g%D)"%$$%0(5$(ò(ì1F( Î[<zÉi(*P('7%(760"*D6,$ (8&('7%(
$%08B%&'$( P"*B( '7%( ;5&M5 (.5$8&( 8$ (&*'( $'"*&M,6( 2*""%,5'%0( '*( '7%8"( 0%M"%%(*P( 760"5/*&(
gH8M+"%( L̂siL( W*f%K%"F( 5 ( $78ê( '*f5"0$( ,%$$( 0%),%'%0F( 78M7%"( W%z&}], ( "5/*$ ( P"*B( '7%(
W8B5,565&( P"*&'( '*( '7%(;5&M5( 8&(X5&M,50%$7( 8$ (*.K8*+$L( c7%(O%,0( *P( '7%(B58&( 760"5'%0(
)"8B5"6(B8&%"5,$F(3!$!(B+$2*K8'% (5&0(.8*/'%(75K%(.%%&(0%'%"B8&%0(P"*B(B*&*IB8&%"5,*M825,(
$5B),%$ (P"*B(%D'"52'%0($%08B%&'$(8&('7%(;5&M5(.5$8&(g05'5 (8&($+)),%B%&'5"6(05'5 (O,%F('5.,%(
[ji(5&0(5"%(2*B)5/.,%(f8'7('7%()"%K8*+$,6( )+.,8$7%0(5&5,6$%$ (*&(W8B5,565&($*+"2% ("*2Y(
B8&%"5,$(gH"5&2%I:5&*"0(%'(5,LF(ls��5iL(
c7%(O"$'(*"0%"(2*B)*$8/*&(*P( "8K%"( $%08B%&'(1}W(2*B)*$8/*&(25&(f%,, (.% (%D),58&%0(.6( 5(
B8D8&M( *P( B+$2*K8'%( 5&0( .8*/'%(B*"%( *"( ,%$$( 08,+'%0( .6( *'7%"( 5,+B8&*$8,825'%$ ($+27( 5$(
P%,0$)5"L( W*f%K%"( '7% (5&5,6$%$ (*P( '7% (2,56( P"52/*&( *P( $5B),%$( P"*B( '7% (45"565&8 (5'( '7%(
W8B5,565&(P"*&'( 5&0('7% (;5&M5(gH8M+"%( L̂si(5$ (f%,, (5$ (K%"B82+,8'%(B8&%"5,$ (*P( '7% (;5&M5(
$+MM%$'$ ('75'($%2*&05"6(B8&%"5,$(5"%(5,$*($8M&8O25&'(2*&'"8.+'*"$ ('*('7%(W%z&(.+0M%'(*P('7%(
$5B),%$L(c7%(08T%"%&2%(8&(8$*'*)82(2*B)*$8/*&(.%'f%%&('7%$%(2,56(P"52/*&$ ($7*f$('75'('7%(
08T%"%&2%(8&('7%(8$*'*)82(2*B)*$8/*&(*P($+"P52%(f5'%"$ (.%'f%%&('7%(W8M7(W8B5,565&("5&M%(
5&0( '7%( ;5&M%/2( o**0),58&( g"%$)%2/K%,6( 25L( ù( vk( '*( Ilqv( ò( 5&0( I( jk( '*( I( ~v( ò( 5$(
0%'%"B8&%0(P"*B( "8K%"( f5'%"$ (.6( ;5S+"%, (%'( 5,LF( jkk~i( 8$ (5'( ,%5$'( )5"/5,,6( 8&7%"8'%0(.6( '7%(
$%2*&05"6()75$%$L(c7% (8&2"%5$%(8&(&%*IP*"B5/*&(*P(2,56(B8&%"5,$ (0+"8&M(o**0),58&('"5&$P%"(
8$ ( 2*&$8$'%&'( f8'7( '7% ( 275&M%( 8&( 1}W( 8$*'*)82( 2*B)*$8/*&( *P( '7%( $%08B%&'$ ( %K%&( 8P( 5(
2*&'"8.+/*&(*P(G75B.5,(0%"8K%0($%08B%&'$(B+$'(5,$*(.%(2*&$80%"%0L
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b!a!b!%/')@6,'.$+%56,.$,.%',-%3+6.6035%56B06+3;6,

( W8B5,565&(@8K%"$ (5&0( ;5&M5 ('"8.+'5"8%$ (5"%( 275"52'%"8Q%0( .6( 5( ,5"M%( K5"85.8,8'6( 8&(
25".*&5'%(2*&'%&'(5B*&M$'(W8B5,565&(.5$8&$("%o%2/&M()"8B5"8,6('7% ("%M8*&5, (08$'"8.+/*&(*P(
,8B%$'*&%$(gH8M+"%( L̂lkiL(

G5".*&5'%(08$$*,+/*&(P"*B( '7% (W8B5,565&(P"*&'( @8K%"$ ('*('7%(W8B5,565&(o**0),58&(@8K%"$(
gH8M+"% (̂ Llki(8$ ($8M&8O25&'(5&0(78M7,6(K5"85.,%(5B*&M$'("8K%"$ (gk('*(uu(p(,*$$ (8&(25,28'% (5&0(qk(
'*(�~(p(,*$$ (8&(0*,*B8'%iL(c78$(K5"85.8,8'6(8$ ('7*+M7'('*(.%(0+%('*($*+"2%(%T%2'$ (5&0(K5"85.,%(

`+>1)'5T3X/51}W( 8$*'*)82( 2*B)*$8/*&( *P( .+,Y($%08B%&'$( P"*B( '7%( ;5&M5( .5$8&( 5$( 5( P+&2/*&( *P(
760"5/*&F( W%z&}],L( ],$*( ),*R%0( P*"( "%P%"%&2%$( 8$( '7%( 760"5/*&( 5&0( 8$*'*)82( 2*B)*$8/*&( *P(
B+$2*K8'%F (.8*/'%(5&0(K%"B82+,8'%($%)5"5'%0( P"*B(W8B5,565&( $%08B%&'$(g$%%($+)),%B%&'5"6(05'5(
O,%F(c5.,%([jiL

!""#

!"##

!$#

!%#

!&#

!'#

#(# #() #(' #($ "(*

δD
 (‰

)

H2O+/Al (mol:mol)

+,-.,/0-/1,-.2,3456

708,2,9,-/:;<-=/;0>4;5

708,2,9,-/:2<<3?2,0-/;0>4;5

@6,8A,2

+<8=0 Musc.

Biotite

Vermiculite

< 2µm
Bangladesh "oodplain soils

< 2µm

< 2µm

`+>1)'5 T34K/5 G5,28'%( 5&0( 0*,*B8'%(
2*&'%&'( *P( $%08B%&'$( P"*B( '7%(
;5&M5(.5$8&L(

!

"

#!

#"

! " #! #" $!

Calcite (wt%) 

D
ol

om
ite

 (w
t%

) 

%&'(&)*')+&'(,&-./0

1*2&,&3&')456'7)5*8.5/

90&2:&,

Narayani

Chambal

Karnali

Ganga

Kosi

Yamuna

;8.5&(.
1*2&,&3&')456'7

;8.5&(.)
%&'(&)*')+&'(,&-./0
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$5B),8&M(05'%$ (.%'f%%&(+)('*(0*f&($'"%5BL(c7%(;5&M5(8&(X5&M,50%$7(75$ (5&(*K%"5,, (,*f(
25".*&5'%(2*&'%&'(2*B)5"%0('*(8'$('"8.+'5"8%$(f8'7(25L(qp(25,28'%(5&0(jp(0*,*B8'%L(

( c7%( 8$*'*)82( 2*B)*$8/*&( *P( 25".*&5'%$ ( 5"%( $7*f&( 8&( H8M+"%( L̂ll( 5&0( 5"%( 8&(
5M"%%B%&'( f8'7( )"%K8*+$,6( )+.,8$7%0(25".*&5'%(05'5 (*&(;5&M5(.5$8&( .%0,*50($%08B%&'$(
g;5,6( %'( 5,LF(lsssi(5&0(W8B5,565&(P"*&'(@8K%"( 25".*&5'%$ (P5,,(f8'78&('7%(O%,0(*P(W8B5,565&(
$*+"2%( "*2Y( f7*,%( 25".*&5'%$ ( gH"5&2%I:5&*"0F( ls�uÇ( ;5,6( %'( 5,LF( lsssi( $+))*"/&M( '7%8"(
0%'"8'5, (*"8M8&L(G5,28'% (8&('7% (W8B5,565&(P"*&'(@8K%"$ (5"%(275"52'%"8Q%0(.6( 5(,8B8'%0("5&M%(8&(
ì!Dz(gP"*B(25L( Is('*(Ilr(òi(2*B)5"%0('*(5,, (5K58,5.,%(05'5(f78,%(ì!AG(K5,+%$ (2*K%"$('7%(P+,,(
"5&M% (*P(5&5,6Q%0("8K%"( $%08B%&'$ (8&('78$($'+06L( =)*&(o**0),58&('"5&$P%"( '7%$%(K5,+%$(5"%(
$78ê%0('*f5"0$ (,8M7'%"(ì!Dz(5&0(7%5K8%"(ì!AG( 2*B)*$8/*&$L(1*,*B8'%(8$*'*)82(2*B)*$8/*&(
*P( W8B5,565&( P"*&'( @8K%"$ (0*%$( &*'( $7*f( 5&6( $8M&8O25&'( %K*,+/*&(+)*&( '"5&$P%"( 8&( '7%(
o**0),58&L

`+>1)'5T344/(zD6M%&(5&0(25".*&( 8$*'*)82(
2*B)*$8/*&( *P( 25,28'%(g5i( 5&0(0*,*B8'%(
g.i( *P( "8K%"( $%08B%&'$( P"*B( '7%( ;5&M5(
.5$8&L ( ],$*( ),*R%0( 8$( '7%( "5&M%( *P(
)%0*M%&82( 25".*&5'%$( P"*B( '7%(
&*"'7%5$'%"&(;5&M5(o**0),58&( g[8&75(%'(
5,LF ( jkk~i( 5&0( [8f5,8Y( 25".*&5'%$( P"*B(
'7%( [+"58( >7*,5( $%2/*&( 8&( 4%)5,(
g[+))%,B%&'5"6( 05'5( O,%F( c5.,%( [qÇ(
[5&65,( %'( 5,LF (jkkvi( 5&0( .8*M%&82( $7%,,$(
P"*B( '7%( ;5&M%/2( ),58&( g;5S+"%,( %'( 5,LF(
jkk~iL

Pedogenic carbonates

δ13C (‰ - PDB)

δ13C (‰ - PDB)

Siwalik calcite

Calcite

Dolomite

!"#$"
%"&#"'()*+,-.

/"&"0"#(

!"#$"
%"&#"'(
/"&"0"#(

!"#$")(#
)1"#$'"2345
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%"&#"'()*+1-.
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78:

7;

7<

=

79 7< 7: =

Yamuna

78;

78>

78:

7?

79

7@
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79 7< 7: = :

a.

b.

Biogenic 
shells

Siwaliks Rivers

Himal. front Rivers

Himal. "oodplain Rivers

( c7%(B58&(08T%"%&2%$ (2*B%( P"*B( '7% (G75B.5,(5&0([8f5,8Y(@8K%"$L( c7%(G75B.5, (8$ (
$8M&8O25&',6(%&"827%0(8&(!Dz("%,5/K%('*(;5&M5 (25".*&5'%$L([8f5,8Y(5"% (B58&,6(0%),%'%0(8&(!AG(
P*"(.*'7(25,28'% (5&0(0*,*B8'%('75'( 8$ (2*&$8$'%&'(f8'7('7%(0*B8&5&'([8f5,8Y(0"58&5M% (*P('75'(
"8K%"( 5&0('7%(.+,Y(25".*&5'%(8$*'*)82( 2*B)*$8/*&(*P('7%([8f5,8Y(g[+)),%B%&'5"6( 05'5(O,%F(
'5.,% ([qÇ([5&65, (%'(5,LF(jkkviL(3&'%"B%085'% (!AG(0%),%'%0(2*B)*$8/*&$(5"%(5,$*(P*+&0(P*"('7%(
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>5"&5,8 ($5B),%0(0*f&$'"%5B(*P('7%(<Xc(f7%"%5$ (+)$'"%5B(*P('7% (<Xc('7%(>5"&5,8 (8$ ($8B8,5"(
'*(*'7%"(W8B5,565&(@8K%"$L(c7%(;5&M5 (8&(X5&M,50%$7($7*f$(8&'%"B%085'%(ì!AG(2*B)*$8/*&$(
.*'7( P*"( 25,28'%( 5&0( 0*,*B8'% ('75'( 5"% (2*B)5/.,%(f8'7(B8D8&M( *P( W8B5,565&( P"*&'( @8K%"(
$%08B%&'$L(W*f%K%"('7%(78M7%"(ì!Dz(K5,+%$F(B58&,6(P*"( 25,28'%F( 8B),8%$ (B8D8&M(f8'7(5&*'7%"(
$*+"2%( $+27( 5$(G75B.5, (25".*&5'%$F( )%0*M%&82( 25".*&5'%$ (P"*B( '7%(;5&M%/2( o**0),58&(
g[8&75(%'(5,LF(jkk~i(*"(.8*M%&82($7%,,(25".*&5'%$(g;5S+"%,(%'(5,LF(jkk~iL

b!a!c!%S4+%',-%/'+

]$ (<M(5&0(G5 (2*&2%&'"5/*&(5"%(2*&'"*,,%0(.6(25".*&5'%(5&0($8,825'%$F(f%(25,2+,5'%0($8,825'%(
0%"8K%0(<M(5&0(G5 (g&*'%0(<M7$5&0 %G57i(+$8&M(B%5$+"%0(25,28'% (5&0(0*,*B8'% (2*&2%&'"5/*&$L(
X+,Y(25,28+B(5&0(B5M&%$8+B(f%"% (2*""%2'%0(.5$%0(*&(5 ()+"%(25,28'% (gG5GzAi(5&0(0*,*B8'%(
gG5"(E<M"(EGzAiL(G5".*&5'%$(522*+&'(*&(5K%"5M% (P*"(j�p(*P('7%(.+,Y($%08B%&'-$ (<M(.+0M%'(
5&0(uqp(*P('7%(G5(.+0M%'L

`+>1)'5T34B/5<M7}[8( g5i(5&0(G57}[8(g.i(5$(
5( P+&2/*&( *P( ],}[8( P*"( "8K%"( $%08B%&'$(
P"*B( '7%( W8B5,565&( P"*&'( @8K%"$F( '7%(
W8B5,565&( o**0( ),58&( @8K%"$F( '7%(
;5&M5(8&(X5&M,50%$7F('7%(G75B.5,(5&0(
;*B/(@8K%"$L(<M7( 5&0( G57( 5"%(0%"8K%0(
P"*B( '7%( $%08B%&'( .+,Y( <M( 5&0( G5(
2*&'%&'(5ê%"( 2*""%2/*&(P*"( 25,28'%(5&0(
0*,*B8'%(G5(5&0(<M(2*&'"8.+/*&L

!"!!

!"!#

!"!$

!"!%

!"!&

!"!'

!"!(

!"! !"# !"$ !"% !"& !"'

!"!!

!"!$

!"!&

!"!(

!"!)

!"#!

!"! !"# !"$ !"% !"& !"'

Al/Si (mol:mol)

Al/Si (mol:mol)

Ca
s /S

i (
m

ol
:m

ol
)

M
gs /S

i (
m

ol
:m

ol
)

a.

b.

*+,-.+/012+3450

6-78-1+719-78.-:40;
<+=-.->-71?5@7A12+3450
<+=-.->-71?.@@:B.-+712+3450

C;-=D-.
6@=A+
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( G5,2+,5'%0(<M7}[8 (5"%()*$8/K%,6( 2*""%,5'%0( '*(],}[8 ("5/*$ (f8'7(5(O"$'( *"0%"( ,8&%5"(
'"%&0( gH8M+"%( L̂lj5iL( [25R%"( 8$ (&%K%"'7%,%$$ ( ,5"M%( 5&0( 8$ (B*$'( )"*.5.,6( 8&0+2%0( .6( '7%(
0*,*B8'%( 2*""%2/*&(5&0( 5$$*285'%0(+&2%"'58&/%$L( W8B5,565&( P"*&'( @8K%"$( 5&0( W8B5,565&(
o**0),58&( @8K%"$ (5"%( $8B8,5"( f8'78& ( '7%( 05'5(+&2%"'58&'6( f78,%( '7%(;5&M5 ( 8&(X5&M,50%$7(
2*&$8$'%&',6($7*f$(,*f%"(<M7}[8("5/*$('75&(5K%"5M%(W8B5,565&(@8K%"$L
c7%(25,2+,5'%0(G57}[8 ("5/*$ ($)5&(5("%,5/K%,6( &5""*f( "5&M%(8&($)8'% (*P( K%"6( K5"85.,% (8&8/5,(
25".*&5'%(2*&'%&'(gk('*(jk(piL(c78$ ($'"%&M'7%&(*+"(2*&O0%&2%(8&('7%(25".*&5'%(2*""%2/*&(5$(
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( ]&( W8B5,565&( 2"+$'( 2*B)*$8/*&( 75$ (.%%&( %$/B5'%0( .6( ;5,6( 5&0( H"5&2%I:5&*"0(
gjkkli(.5$%0(*&('7% (["(5&0(40(8$*'*)82(2*B)*$8/*&(*P("8K%"($%08B%&'$(5&0(f5$(2*B)5/.,%(
f8'7( 5(25L( �kp( WWG( 5&0(jk(p( :W(*"8M8&L( 3&(5008/*&F( [8f5,8Y(5,$*( "%)"%$%&'$ (5 ($*+"2%(*P(
$%08B%&'$('*('7%(;5&M%/2($6$'%B('75'(B+$'(.%(522*+&'%0(P*"(g$%%($%2/*&(vLlLlLiL(:5K#(5&0(
]K*+52(gjkkli(75K% (%$/B5'%0('7%("%,5/K% ()"*)*"/*&(*P([8f5,8Y(%"*0%0('*(25L(lv('*(jk(p(*P(
'7%('*'5, (%"*0%0(o+DL(W*f%K%"(5$(08$2+$$%0(%5",8%"(g$%2/*&(vLlLlLi('7%$%(o+D%$ ("%)"%$%&'(5&(
5.$*,+'%(B5D8B+B(*P([8f5,8Y($%08B%&'$ ('75'(5"% (%T%2/K%,6('"5&$)*"'%0(P+"'7%"(0*f&$'"%5B(
5&0(f%(5".8'"5"8,6(%$/B5'%0('75'(*&,6(v('*(lk(p(*P($%08B%&'$('"5&$)*"'%0(.6('7% (o**0),58&(
@8K%"$ (8$ (P"*B([8f5,8Y( *"8M8&L( c7%(27%B825, (2*B)*$8/*&(5&0("%,5/K%(o+D%$(*P( '7%$%(+&8'$(
f%"%(8&'%M"5'%0('*(0%"8K%(5&(5K%"5M%(W8B5,565&(2"+$'(27%B825,(2*B)*$8/*&(g[+)),%B%&'5"6(
05'5(O,%F(c5.,%([~iL(

c!W!W!%U(66-0('3,%1$'.#$)3,4
(
( c7%(27%B825, (.+0M%'(*P($%08B%&'$ ()"%$%&'%0(8&(H8M+"% ( L̂lq(5,,*f$ (+$ ('*(0%'58, ('7%(
%T%2'(*P( '7% (;5&M%/2(o**0),58&(*&('7% ($%08B%&'5"6( $8M&5, (%D)*"'%0(.6( '7%(;5&M5(.5$8&L(
1+"8&M(o**0),58&('"5&$P%"(P"*B('7%(W8B5,565&(P"*&'('*('7% (;5&M5(8&(X5&M,50%$7($%08B%&'$(
B58&,6( ,**$%(45F( >( 5&0(25".*&5'%$ (5&0(M58&(W%z&( "%,5/K%('*($8,82*&(gH8M+"%( L̂lriL(H*"(<M7(
5&0(G57(gH8M+"%(̂ LljiF(&*($8M&8O25&'(275&M%$(5"% (*.$%"K%0(2*&$80%"8&M('7% (,5"M%(+&2%"'58&/%$(
*&(5K%"5M% (2*&2%&'"5/*&$L(c7%(W8B5,565&(%"*$8*&(8$ (%$$%&/5,,6()76$825, (5&0('7%(08$$*,K%0(
$8,82*&(o+D(522*+&'$(P*"(25L(lp(*P('7% ($*,80($8,82*&(o+D( g;5,6(5&0(H"5&2%I:5&*"0F(jkkliL(c7%(
275&M%$ (8&(5.$*,+'%(%,%B%&'5, (2*&2%&'"5/*&$ (25&('7+$(.%(5))"*D8B5'%0('*(5 (O"$'(*"0%"(.6(
275&M%$ (8&('7%(&*"B5,8Q%0(%,%B%&'5,("5/*$L(H8M+"% (̂ LlrF($7*f$('75'(P*"(%527(B*,%(*P(45 (,*$'(
8&('7%(o**0),58&F(25L(kL~(B*,%(*P(>F(kLj(B*,% (*P(<M7F(5&0(q(B*,%$(*P(25,28'%(5&0(0*,*B8'%(5"%(
,*$'(f78,% (q(B*,%$ (*P(W%z&$5"%(M58&%0L([8,825'%(f%5'7%"8&M(8&('7%(;5&M%/2(o**0),58&(B58&,6(
"%,%5$%$ (45(5&0(>F(f7827(f5$ (5,"%506(*.$%"K%0(8&(08$$*,K%0(,*50($'+08%$(8&('7%($6$'%B(g[5"8&(
%'(5,LF(ls�sÇ(;5,6(5&0(H"5&2%I:5&*"0F(lsssÇ(W+7F(jklkiL(

( c7%(M58&( 8&(W%z&( 8$( $8M&8O25&'( 5&0( K%"6( $%&$8/K%( '*(f%5'7%"8&M( 2*B)5"%0( '*( '7%(
*'7%"( $8,825'%( .*+&0( 25/*&$L( 3&2"%5$% ( 8&( 760"5/*&( 8$ ( )5"/2+,5",6( 78M7( 0+"8&M( 2,56( 5&0(
760"*D80%$ (P*"B5/*&F( f7827( 8$ (B*$'( P5K*"5.,%(0+"8&M( ,*&M%"( '"5&$P%"( /B%$ (8&(5 (f%'( 5&0(
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f5"B(%&K8"*&B%&'( $+27(5$('7%(;5&M%/2(),58&L(c*B5"( gls�uiF([5"8&(%'(5,L( gls�si(5&0(B*"%(
"%2%&',6( W%"*6( %'( 5,L( gjkkqi( 5&0(W+6M7%(%'( 5,L( gjklkiF( $7*f('7%( 8&2"%5$8&M( )"*)*"/*&(*P(
$B%2/'%$ (5&0(*'7%"( %D)5&05.,%( 2,56$ (*K%"( 8,,8'% (P"*B( '7% (W8B5,565&( P"*&'( @8K%"$ ('*( '7%(
o**0),58&(@8K%"$ (P+"'7%"(0*f&$'"%5BL(c78$ (8&2"%5$%(8&('7%()"*)*"/*&(*P($%2*&05"6(B8&%"5,$(
8&('7%(o**0),58&(8$ (2*&O"B%0(.6('7%(1}W(8$*'*)82(5&0(W%z&}], (2*B)*$8/*&(*P('7%($%08B%&'$(
gH8M+"%( L̂siL(W8M7%"( ì1(5&0(W%z&}],(*P( '7%($%08B%&'$ (+)*&(o**0),58&('"5&$P%"( "%o%2'( '7%(
8&2*")*"5/*&(*P(5 (,5"M%"()"*)*"/*&(*P(2,56(B8&%"5,$ (8&(%9+8,8."8+B(f8'7(o**0),58&($+"P52%(
f5'%"$ (5$("%K%5,%0(.6('7% (5&5,6Q%0(çjëB(P"52/*&$L(W%z&}],(5&0(ì1(*P(0%'"8'5,($%08B%&'$ (5"%(
'7+$(8&0825/K%(*P('7%(,*25/*&(*P(f%5'7%"8&ML

( G*&2%"&8&M(25".*&5'%$F('7%(08$$*,+/*&("5'%$ (*P(25,28'%(5&0(0*,*B8'%(5"% ($+")"8$8&M,6(
%9+8K5,%&'L( =&0%"( ,5.*"5'*"6( 2*&08/*&$F( 25,28'%(8$ (P*+&0('*(08$$*,K%$ (v( '*( lk( /B%$(P5$'%"(
'75&(0*,*B8'% (g%ML(<*"$%(5&0(]"K80$*&F( jkkjÇ( !"*Y*K$Y6( %'( 5,LF( jkkvÇ( d505K(%'( 5,LF(jkk�iL(
[Q"5B%Y(%'( 5,LF( jkku(7*f%K%"( $7*f%0( P"*B($*,+'%(27%B8$'"6( 8&('%B)%"5'%("8K%"$('75'( '7%(
25,28'%}0*,*B8'% (08$$*,+/*&( "5/*( 8&( 25".*&5'%( .%5"8&M( f5'%"$7%0( "%527%$ (kL~( '*( kLu( .6(
B5$$L(3'(75$ (.%%&($7*f&('75'('7%(;5&M5 (5&0(8'$('"8.+'5"8%$(5"%($+)%"$5'+"5'%0(f8'7("%$)%2'(
'*(25,28'%(5'(,%5$'(0+"8&M(,%5&(o*f(g[5"8&(%'(5,LF(ls�sÇ(;5,6(5&0(H"5&2%I:5&*"0F(lsssÇ(15,58(%'(
5,LF(jkkjÇ(A52*.$*&(%'(5,LF(jkkjiL(W8M7(08$$*,K%0(G5%&( 2*&2%&'"5/*&$ (5"% ('7%"%P*"% ($+$)%2'%0(
'*(75B)%"(25,28'%(08$$*,+/*&(8&('7%(o**0),58&L

( c7%( ,*$$( *P( 45F( >( 5&0( 25".*&5'%$( 8$(B5D8B+B( 0+"8&M( '7%( 4*"'7%"&( )5"'( *P( '7%(
o**0),58&('"5&$P%"F(.%'f%%&('7% (W8B5,565&(P"*&'(5&0(.%P*"%(B%"M8&M(f8'7('7%(B58&($'"%5B(
;5&M5L(z&(5K%"5M%F(�k(p(*P('7%(45F(�k( p(*P('7%(0*,*B8'%(5&0(~k( p(*P( '7%(>(5&0(25,28'%(
0%),%/*&(5&0(~k(p(*P(W%z&( M58&(*.$%"K%0(.%'f%%&('7%(W8B5,565&(P"*&'(5&0('7%(;5&M5 (5'(
W5"08&M( X"80M%( 75$ (*22+""%0( 0+"8&M( '"5&$)*"'( 8&( '7%( O"$'( )5"'( *P( '7% (o**0),58&F( f7827(
"%)"%$%&'$F(7*f%K%"( *&,6( 25L(jv(p(*P('7%('*'5, (o**0),58&(5"%5(0"58&%0(.6( '7% (;5&M5L( c78$(
f%5'7%"8&M(.+0M%'( *P( '7%(W8B5,565&(@8K%"$ ($7*f$ ('75'( %K%&(5 (,8B8'%0(o**0),58&('"5&$P%"(
08$'5&2% (gP"*B(25L(vsk(YB(P*"('7% (;5&M5 (5&0(>5"&5,8Ç(quv(YB(P*"('7%(45"565&8('*(jkk(YB(P*"(
'7%(>*$8i(8$ ($+w28%&'( '*()"*0+2% (5 ($8M&8O25&'(f%5'7%"8&M($8M&5,L( c78$ (8$ ($)%285,,6( $'"8Y8&M( 8&(
'7%(25$% (*P('7%(45"565&8 (@8K%"('75'(*&,6(0"58&$(5 (K%"6(,8B8'%0()5"'(*P('7%(o**0),58&(g25L(uvkk(
YB%i( 5&0( 0*%$ (&*'( 2*,,%2'( $8M&8O25&'( $%08B%&'$( P"*B( ,5'%"5, ('"8.+'5"8%$ (*P( '7% (50S52%&'(
o**0),58&(*"( [8f5,8YL( =$8&M(=I$%"8%$ (08$%9+8,8."85F( G75.5+D( %'( 5,LF( jkk~(5&0(;"5&%'(%'( 5,LF(
jkku(%$/B5'%0('75'('7% (5K%"5M%('"5&$P%"(/B% (*P($%08B%&'$(*&('7%$%($%MB%&'$ ("%527%$ (lkk(
Y6"$ (P*"('7%(>5"&5,8 (5&0(45"565&8 (%K%&(8P(O&%(M"58&($%08B%&'$(5"%('"5&$P%""%0(8&(,%$$('75&(jv(
Y6"$ (g;"5&%'(%'(5,LF(jklkiL(:*&M('"5&$P%"(/B%$(8B),6( '75'(2*B),%D(8&'%"52/*&$ (%D8$'(.%'f%%&(
'7%($%08B%&'$ ($'*"%0(8&('7%(o**0),58&(5&0('7% (2+""%&'("8K%"($%08B%&'$L(É% ($+MM%$'('75'('7%(
o**0),58&(}( "8K%"( 8&'%"52/*&$(8$(5 (B5S*"( 2*&'"*,(*&( '7% (f%5'7%"8&M( 8&'%&$8'6( *P( '7%("8K%"(
$%08B%&'$L(H*"(5($8B8,5"( '*'5, ($%08B%&'(o+DF( '7%(+),5&0(08$'"8.+'%0(275&&%,$ (*T%"( 5(78M7%"(
52/K%(o**0),58&('*("8K%"( 275&&%, ("5/*()"*B*/&M(%D275&M%(.%'f%%&(.*'7(2*B)5"'B%&'$L(
c7%(;5&M5(B58&$'"%5B(*&('7% (2*&'"5"6(8$ (.*+&0('*(5 (&5""*f%"(o**0),58&(8&('7% ($*+'7(*P('7%(
;5&M%/2(),58&F(f7827(,8B8'$(8&'%"52/*&$L(

( [%08B%&'$($5B),%0(8&('7%(;*B/(@8K%"()"*K80%(5 ()+"%(o**0),58&If%5'7%"8&M($8M&5, (5$(
'7%(;*B/(@8K%"(8$ (2+""%&',6(08$2*&&%2'%0(P"*B(5&6(W8B5,565&(8&)+'(g[8&M7(%'(5,LF(jkkviL(c78$(
"8K%"(0"58&$(+)('*(vk(Y6"(*,0(5,,+K85,($%08B%&'$ (g["8K5$'5K5(%'(5,LF(jkkqi('75'(75K%(%D)%"8%&2%0(
f%5'7%"8&M($8&2% (0%)*$8/*&L( X6( 2*B)5"8$*&(f8'7(;5&M5($%08B%&'$(2+""%&',6( %D)*"'%0(.6(
'7%($6$'%B(8&(X5&M,50%$7(gH8M+"%( L̂lriF(;*B/($%08B%&'$ (5"%(0%),%'%0(8&(45L(G*B)5"5/K%,6F(
>(0%),%/*&(5&0(W%z&( M58&(8$ (,8B8'%0(f78,% (<M7( 5&0(G57(2*&'%&'( 8$ ($8B8,5"('*(2+""%&'(;5&M5(
$%08B%&'$(8&(X5&M,50%$7(gH8M+"% (̂ LlliL(c78$($+))*"'$ ('7% (78M7%"(B*.8,8'6(*P(45(2*B)5"%0('*(
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>(0+"8&M(o**0),58&(f%5'7%"8&M(8&('7% ($6$'%B(5&0('7% (,8B8'%0(,*$$ (*P($8,825'% (<M(5&0(G5 (.6(
W8B5,565&($%08B%&'$(%K%&(P*"(K%"6()"*,*&M%0(f%5'7%"8&M(8&('7%(o**0),58&L(

( =$8&M(5&(5K%"5M%($%08B%&'(o+D(*P('7% (;5&M5 (*P(25L(rkk('*(vkk(<'}6"(5&0(5&(5K%"5M%(
[8 (2*&'%&'(*P(;5&M5 ($%08B%&'$ (*P(25L(lkL~(B*,}YM(g:+)Y%"(%'(5,LF(+*@B3F$-%@i(8'(8$ ()*$$8.,% ('*(
.+0M%'(o**0),58&(f%5'7%"8&M(.6(%K5,+5/&M('7% (o+D(*P(%,%B%&'$ ('"5&$P%""%0('*('7%(08$$*,K%0(
,*50(8&('7% (o**0),58&(gc5.,%(̂ LjiL(G5".*&5'%(G5 (5&0(<M(5"% ('7%(B58&(25/*&$("%,%5$%0('*('7%(
08$$*,K%0(,*50L(45 ("%,%5$%(8$ (0*+.,% ('75'(*P(>(f78,% (<M7(08$$*,+/*&(o+D(8$(,8B8'%0L(G57(2*+,0(
&*'(.%(0%'%"B8&%0(522+"5'%,6(0+% ('*('7%(78M7(7%'%"*M%&%8'6(*P($%08B%&'(2*B)*$8/*&L(X+'F(
*f8&M('*('7%(,52Y(*P($8M&8O25&'(275&M% (5&0('7%(*K%"5,, (,*f(G57}[8 ("5/*$F( G57( ,*$$%$ (25&(.%(
2*&$80%"%0( $B5,, ( gç( lk⋅lk#( B*,%$}6"iL( c78$ ( .+0M%'( $7*f$( '75'( f%5'7%"8&M( 25&( .%(
9+5&/'5/K%,6(0%"8K%0(P"*B('7%($'+06(*P(0%'"8'5, ($%08B%&'$('"5&$)*"'%0(.6( "8K%"$ (%K%&(8P('78$(
o+D%$ ("%,6( *&( '7%( 522+"5'%( 0%'%"B8&5/*&( *P( '*'5, ( $%08B%&'( o+D( 5&0( 5K%"5M%( 27%B825,(
2*B)*$8/*&L( É%(&*'% ('75'( '78$ ( .+0M%'( 0*%$( &*'( 2*&$80%"( '7% (f%5'7%"8&M( 0%"8K%0( P"*B(
$%08B%&'$($'*"%0(8&('7% (o**0),58&(5&0(8$ ('7+$(+&0%"%$/B5/&M('7% ('*'5, (f%5'7%"8&M(.+0M%'L(
W*f%K%"F(P*"( '7%(;5&M5(.5$8&F( $%08B%&'($'*"5M%(8$ (,8B8'%0('*(lk(p(*P('7%('*'5, (%"*0%0(o+D(
g:+)Y%"(%'(5,LF(+*@B3F$-%@iL

Himalayan 
front

Ganga 
Bangladesh

Change       
% 

Weathering            
109 mole/yr

Na/Si 0.046 0.035 25 Na 50 - 60
K/Si 0.060 0.054 10 K 24 - 30
H2O+/Si 0.096 0.119 -24 H2O+ (-) 100 - 120
Mgs/Si 0.037 0.035 3 Mgs 5 - 7
CaCO3/Si 0.053 0.028 47 Carb. Ca 168 - 210
(Ca,Mg)CO3/Si 0.049 0.020 59 Carb. Mg 61 - 77

c!W!a!%/6B0')3+6,%13.#%N3B'('8',%1$'.#$)3,4

% c7%(o**0),58&If%5'7%"8&M(.+0M%'( 25&(.% (2*B)5"%0('*('7%(f%5'7%"8&M(*22+""8&M( 8&(
'7%(W8B5,565&("5&M%(gH8M+"%( L̂lriL(c7%(,5'%"( 8$ (*.'58&%0(.6( 2*B)5"8&M('7% (2*B)*$8/*&(*P(
'7%(%"*0%0(W8B5,565&(2"+$'( g$%2/*&(vLjLlLi(f8'7('75'(*P($%08B%&'$ (%D)*"'%0(.6(W8B5,565&(
P"*&'(@8K%"$(P*"(45F(>(5&0(760"5/*&L(c78$ (f%5'7%"8&M(.+0M%'F($*,%,6(.5$%0(*&('7%(27%B825,(
2*B)*$8/*&(*P('7% ($*,80()75$% (8&('7%($6$'%B(gH8M+"% (̂ Llri($7*f$ ('75'(gli(45 (8$ (,5"M%,6(,*$'(8&(
'7%(o**0),58&(f8'7(~vp(gô( qki(*P( '7%('*'5, ($*+"2% ('*($8&Y(f%5'7%"8&ML( gji(c7%(8&2"%5$% (8&(
760"5/*&( 8$ (5,$*( ,5"M%,6( *22+""8&M( 8&('7%(o**0),58&( gsu(p( Ñq( }( Irji(5&0(0*%$(&*'( 5))%5"(
$8M&8O25&'( 8&( '7%(W8B5,565&("5&M%L( gqi( c7% ("%,5/K%(,*$$(*P( >( 8&( '7% (o**0),58&( 25&&*'( .%(
P*"B%",6( 0%'%"B8&%0( 5$ ( '7%( W8B5,565&( 2"+$'( 2*B)*$8/*&( )5"/5,,6( *K%",5)$ ( '7% ( "8K%"(
$%08B%&'(2*B)*$8/*&L(W*f%K%"F('7% (,*$$%$ (*P(>(8&('7%(o**0),58&(5"%($8M&8O25&'(5&0($+))*"'(
'7%(80%5('75'(>( 8$ (,*$'()"%0*B8&5&',6( 8&('7%(o**0),58&L(H"*B('7%($%08B%&'()*8&'(*P(K8%fF(8'(
5))%5"$ ('75'('7%(o**0),58&(8$ (5 (B5S*"( 2*B)*&%&'( 8&('7%($+"P52%(f%5'7%"8&M(8&'%&$8/%$ (5$(
5,"%506( $+MM%$'%0( P"*B( $'+08%$ (*&(08$$*,K%0( $)%28%$ ( 8&( '7%(W8B5,565&( $6$'%B( g;5,6( 5&0(

!8<7'5T3B/5?K*,+/*&(*P(%,%B%&'5,( "5/*$(*P( "8K%"( $%08B%&'$( .%'f%%&( '7%(W8B5,565&( P"*&'( 5&0( '7%(
;5&M5(8&(X5&M,50%$7L(c78$(%K*,+/*&(f5$(+$%0('*(0%"8K%('7%(o+D(*P(%,%B%&'$("%,%5$%0(.6($%08B%&'$(
'*( '7%(08$$*,K%0( ,*50(0+"8&M('"5&$P%"L(c78$(f%5'7%"8&M(o+D( f5$(2*B)+'%0( P"*B(5&(5K%"5M%(;5&M5(
$%08B%&'(2*B)*$8/*&(*P(lkL~(B*,%$([8}YM($%08B%&'$(5&0(5('*'5,($%08B%&'(o+D(*P(rkk('*(vkk(<'}6"(
g@[!F(lss~Ç(:+)Y%"(%'(5,LF(+/N%:l&2(NiL
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H"5&2%I:5&*"0F( lsssÇ( É%$'( %'( 5,LF( jkkjiL( W*f%K%"( '78$ ( 2*&2,+$8*&( 78M7,6( "%,8%$ ( *&(
0%'%"B8&5/*&(*P( '7%(5K%"5M%(2*B)*$8/*&(*P( '7% (%"*0%0(W8B5,565&( 2"+$'L( ?K5,+5/&M( '7%(
2*B)*$8/*&(*P('7%(W8B5,565&(2"+$'( "%B58&$(5 (275,,%&M8&M('5$Y(5&0(8$ ($%&$8/K% ('*($5B),8&M(
.85$%$L(c7% (,*f%"(>(2*&'%&'(*P('7%(2"+$'(2*B)5"%0('*(%D)*"'%0($%08B%&'$ (5'('7% (W8B5,565&(
P"*&'($+MM%$'$ ('75'('7% (2"+$'(B56(&*'(.%(P+,,6( "%)"%$%&'5/K%(*P('7%(52'+5, (%"*0%0(B5'%"85,L(
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YR*<1#64(+&1#+

( X6( $'+068&M( '7%(%K*,+/*&(*P( '7% (27%B825, (2*B)*$8/*&( *P( "8K%"( $%08B%&'$ (8&( '7%(
;5&M5(.5$8&(f%($7*f('75'($%08B%&'$(25&(.%(+$%0(5$ (5(f%5'7%"8&M('"52%"(8&(5 (9+5&/'5/K%(
f56L( ^%"/25,( $%08B%&'( 0%)'7()"*O,%$ ($7*f$('75'( '7%(27%B825, (K5"85.8,8'6( 0+%('*(B8&%"5,(
$*"/&M( f8'78&( '7%( f5'%"( 2*,+B&( %D2%%0$ ( '7%( K5"85.8,8'6( *.$%"K%0( 5B*&M( 5,, ( $5B),8&M(
,*25/*&$L(]($8&M,%($5B),% (8$ ('7+$(B%"%,6( "%)"%$%&'5/K%(*P('7%($%08B%&'(o+D(5&0(25&('7+$ ('%
0)36)3(&*'(.%(+$%0(8&(9+5&/'5/K%(f56('*(.+0M%'(f%5'7%"8&M(5'(5(M,*.5, ($25,%L(=$8&M("%,5/*&$(
.%'f%%&(&*"B5,8Q%0(B*.8,% (%,%B%&'( "5/*$ (f8'7( ],}[8( 8'( 8$()*$$8.,% ('*(0%"8K%(5&(5K%"5M%(
27%B825,( 2*B)*$8/*&( P*"( 5 ( M8K%&( "8K%"( $%2/*&L( =$8&M( '78$ ( 5))"*527F( f%( P*,,*f%0( '7%(
2*B)*$8/*&( *P( $%08B%&'$ ( P"*B( '7%( W8B5,565&( P"*&'( 0*f&$'"%5B( '*( '7%( ;5&M5( 8&(
X5&M,50%$7F( 2*K%"8&M( '7%(f7*,%(;5&M%/2( o**0),58&L( X6( 8&'%M"5/&M( '7% ($)5/5, (K5"85.8,8'6(
5B*&M( W8B5,565&( '"8.+'5"8%$( 5&0( '%B)*"5, ( K5"85.8,8'6( 0+%( '*( '7%( 8&)+'( *P( $*+'7%"&(
'"8.+'5"8%$ ($+27(5$ ('7%(G75B.5,F(8'(f5$ ()*$$8.,% ('*(.+0M%'('7% (,*$$ (*P(27%B825, (%,%B%&'$(.6(
'7%(W8B5,565&($%08B%&'$L(c78$ (.+0M%'($7*f$('75'($%08B%&'$ (+&0%"M*(5($8M&8O25&'(0%),%/*&(
8&(45F( >F( G5(5&0(<M( '75'( 8$ (2*""%,5'%0( '*( 5 (M58&( 8&( 760"5/*&( 0+"8&M( o**0),58&( '"5&$P%"L(
G5".*&5'% (08$$*,+/*&(8$ (0*B8&5'%$ ('7%(,*$$ (*P( %,%B%&'$ (5&0(522*+&'$ (P*"( "%$)%2/K%,6( 25L(
luk('*(jlk⋅lk#(5&0(~k('*(�k⋅lk#$B*,}6"(*P(G5 (5&0(<M("%,%5$%0('*('7%(08$$*,K%0(,*50L([8,825'%(
f%5'7%"8&M(8&('7%(o**0),58&(B58&,6( "%,%5$%$(45 (5&0(>(gvk('*(~k⋅lk#(5&0(jv('*(qk⋅lk#(B*,}
6"F("%$)%2/K%,6iL(X6(2*B)5"8$*&F('7%(,*$$ (*P($8,825'% (<M(5&0(G5(8$ (,8B8'%0L(É%5'7%"8&M(8&('7%(
o**0),58&(8$ ('7+$ ($8M&8O25&'F( .+'( *&,6( 5(,8B8'%0(5B*+&'(*P( '7% ()"*0+2%0(5,Y5,8&8'6( 25&(.%(
5R"8.+'%0('*($8,825'%(G5 ("%,%5$%L(W%&2%F(f%5'7%"8&M(*P(W8B5,565&($%08B%&'$(8&('7%(;5&M%/2(
o**0),58&(8$ ('7+$ (5 ("%,5/K%,6( ,8B8'%0(25".*&($8&YF(B58&,6(*f8&M('*('7% (,*f($8,825'% (G5 (2*&'%&'(
*P(W8B5,565&($*+"2%("*2Y$L(H+"'7%"B*"%(f%($7*f%0('75'($%08B%&'(760"5/*&(8$(5 ($%&$8/K%(
f%5'7%"8&M('"52%"('75'(25(.%(+$%0(8&($+27(5(0%'"8'5, ($%ú&ML(G*B)5"8$*&(*P('7%(f%5'7%"8&M(
.+0M%'( *P( '7% ( o**0),58&( f8'7( '7% (f%5'7%"8&M( .+0M%'( *.'58&%0( .6( 08T%"%&2%( f8'7( '7%(
2*B)*$8/*&( *P( '7%( W8B5,565&( 2"+$'F( $+MM%$'$ ( '75'( $8,825'% (f%5'7%"8&M( 8$ ( )"%0*B8&5&',6(
*22+""8&M(8&('7%(o**0),58&L(W*f%K%"('78$(2*B)5"8$*&($+T%"$ (P"*B('7%(08w2+,'6('*(522+"5'%,6(
5$$%$$ ('7%($*+"2%("*2Y(2*B)*$8/*&F( $)%28O25,,6( P*"(>L(](2*B)5"8$*&(f8'7(f%5'7%"8&M(o+D%$(
*.'58&%0( P"*B( '7%(08$$*,K%0( ,*50( %D)*"'%0( .6( '7%(W8B5,565&( "5&M%(5,$*( $7*f$('75'( '7%(
o**0),58&( 75$( 5( B5S*"( "*,%( 8&( f%5'7%"8&M( '7%( W8B5,565&( $%08B%&'$( 5&0( $7*+,0( .%(
2*&$80%"%0(8&(B*"%(0%'58,$L

( 1%'"8'5, ($%08B%&'$ (25""6( 5(f%5'7%"8&M($8M&5, ('75'(25&(.%(+$%0(8&(5 (9+5&/'5/K%(f56F(
)"*K80%0('75'( O"$'( *"0%"( B8&%"5,($*"/&M(%T%2'$ (5"% (522*+&'%0(P*"L( 3'( $+))*"'$('7%(+$% (*P(
$%08B%&'5"6( "%2*"0$(5"*+&0('7% (M,*.%(P*"()5,%*If%5'7%"8&M( $'+08%$ (8& (*"0%"('*(0*2+B%&'(
7*f($+"P52% ()"*2%$$%$ (f%"%(5T%2'%0(.6(B5S*"(M%*,*M825, (275&M%$L(c78$ (f*"Y(5,$*($'"%$$%$(
'7%(&%%0('*(+$%(5($*+"2% ('*($8&Y(5))"*527(f7%&(2*&$80%"8&M(f%5'7%"8&M(8&(%5"'7($+"P52%(
$6$'%B$ (5$ (8&( ,5"M%( $25,%(.5$8&$F(f%5'7%"8&M(B56( &*'( .% ("%$'"82'%0('*(78M7(+),8ê}%"*$8*&(
5"%5$(.+'(5,$*($8M&8O25&',6(8&('7%(0*f&$'"%5BF(,*f(,5&0(5"%5$L
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É%(,8Y%('*( '75&Y(?$'%,,%(X,5%$F(:*+8$(H"5&2%I:5&*"0F(<5"8*&(;5"Z*&F(5&0(X"8R5(^*$$(P*"( '7%8"( %&'7+$85$/2(7%,)(
f8'7($5B),8&ML(c78$(B5&+$2"8)'( 5,$*( .%&%O'%0(P"*B(P"+8§+,,(08$2+$$8*&$(f8'7( A+,8%&(X*+27%Q(5&0( ],.%"'(;5Y6L(
c78$(f*"Y(f5$($+))*"'%0(.6(34[=()"*M"5B(U@%,8%P(0%(,5(c%""%V(5&0(]4@(G5,8B%"*L(^5,8%"(;5,6(f5$($+))*"'%0(.6(
'7%(=L[L(45/*&5,([28%&2%(H+&05/*&(g;"5&'(zG?Ik�vlklviL
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U(%$$/0,1234*+$H3+7$0-$8379+$H?$]23<=3P*?,2-

( :%$ ($#08B%&'$ ()"#,%K#$ (05&$(,%(.5$$8&(0+(X"57B5)*+'"%(*&'( #M5,%B%&'( )%"B8$ (0%(
0*2+B%&'%"(,-#K*,+/*&(0%(,5 (2*B)*$8/*&(278B89+%(0%$($#08B%&'$(,*"$ (0%(,%+"('"5&$P%"'(05&$(
,5 ()5"/%(%$'(0%(,5 (),58&%(3&0*I;5&M#/9+%L(:%(X"57B5)*+'"% (%$'(5+$$8(5))%,#(c$5&)*(5+(&*"0(
0%( ,5 ( 275n&%F( [85&M( ,*"$ (0%( $*&( )5$$5M% (05&$ ( ,5 ( 275n&%( %'( A5B+&5( 5+( X5&M,50%$7L( !5"(
2*BB*08'# (8, ($%"5 ('"58'#(828 (2*BB%(X"57B5)*+'"%($+"('*+'($*&(2*+"$ (5+([+0(0%(,5 (275n&%L(:%(
c$5&M)*( )+8$ ( ,% ( [85&M( 2*&$/'+%( 0#SC ( +&( o%+K%( 8B)*"'5&'( ,*"$ ( 0%( $*&( )5$$5M%( '"5&$I
78B5,56%&L(X8%&(9+%(,%$ ()"#28)8'5/*&$ (5+(4*"0(0%(,5(275n&%($*8%&'( ,8B8'#$F($*&(K5$'%(.5$$8&(
K%"$5&'( 0"58&5&'( ,% (o5&2( 4*"0( 0%( ,5 (275n&%( ,+8 (2*&PE"%( +&( )*+K*8"( #"*$8P( 8B)*"'5&'( 5+(
)5$$5M% (0%(,5(275n&%(gH8&,56$*&(%'(5,LF(jkkjiL(:%$ ('5+D(0-%D7+B5/*&(#,%K#$ (gX+"M(%'(5,LF(lss�Ç(
H8&&%M5&(%'(5,LF(jkk�Ç(['%f5"'(%'(5,LF(jkk�i(5$$*28#$ (C (0%$ ()"#28)8'5/*&$ (8B)*"'5&'%$ (g],8$*&(
%'(5,LF(jkk~Ç(X**Y75M%&(%'(5,LF(jkk~i(%&'"%/%&&%&'(0%$('5+D(0-#"*$8*&($+)#"8%+"$ (C(q(BB}5&(
5+(&8K%5+(0%(,5($6&'5D%(%$'( gH8&&%M5&(%'( 5,LF( jkk�iL(:%(o+D( 0% ($#08B%&'$()"*K%&5&'(0%(,5(
$6&'5D%(0*B8&%(58&$8(,%(o+D(0+(X"57B5)*+'"% (0%(,5 ($*"/% (0%(,5 (275n&%(g['%f5"'(%'(5,LF(jkk�i(
S+$9+-5+( X5&M,50%$7( g[8&M7( %'( H"5&2%I:5&*"0F( jkkjiL( :-5,'#"5/*&( 278B89+% ( 0#0+8'%( 0%(
,-5&5,6$%( 0%$ ( #,#B%&'$ (08$$*+$ (05&$( ,%( .5$$8&( 0+( X"57B5)*+'"%( B*&'"%( #M5,%B%&'( 9+%(
,-5,'#"5/*&(278B89+%(0%$($8,825'%$(05&$(,% (.5$$8&(0+(X"57B5)*+'"%(%$'($+)#"8%+"( C(2%,,% (0+(
.5$$8&(0+(;5&M%$ (g;5,6(%'(H"5&2%I:5&*"0F(lsssÇ([8&M7(%'(5,LF(jkkvÇ([8&M7(%'(5,LF(jkk~iL(G%R%(
5,'#"5/*&(8&'%&$%($%B.,% (%&()5"/%(N'"% (,5(2*&$#9+%&2% (0%('5+D(0-5,'#"5/*&$ ($+)#"8%+"$ (C (,5(
B*6%&&%(0+(.5$$8&F(,*25,8$#$(5+(&8K%5+(0%(,5 ($6&'5D%$ (%$'(0%(,5 (275n&% (gW"%&(%'(5,LF(jkkuiL(
15&$(2% (2*&'%D'%(0-#"*$8*&(%'(0-5,'#"5/*&('"E$ (#,%K#$F(,%(0%K%&8"(0%$ ($#08B%&'$ (,*"$ (0%(,%+"(
'"5&$P%"'( 05&$( ,5 ( ),58&%( 5,,+K85,%( %$'( ,5"M%B%&'( 8&2*&&+L( :-#'+0%( 0%$( $#08B%&'$( %&(
$+$)%&$8*&(%$'(+&(0%$ (B*6%&($+$2%)/.,% (0-5))*"'%"(9+%,9+%$(2*&'"58&'%$ ($+"(,%$ (B*05,8'#$(
%'(2*&'"J,%$(0%(,-5,'#"5/*&(05&$(,5()5"/%(%$'(0%(,5(),58&%(3&0*I;5&M#/9+%L

( :-5))"*27%(05&$ (,% (.5$$8&(0+( X"57B5)*+'"%(%$'( $8B8,58"% (C(2%,,%( 0#K%,*))#( $+"( ,%(
.5$$8&(0+(;5&M%(),+$ (75+'L(?,,%(K8$%(C (0*2+B%&'%"(,5 (K5"85.8,8'#($)5/5,%(0+($#08B%&'(K8$ (C (K8$(
0%(,-5,'#"5/*&F('*+'(%&()"%&5&'(%&(2*B)'%(,% (P*"'(2*&'"J,%(%D%"2#()5"(,%('"8 (B8&#"5,*M89+%($+"(
,5 (2*B)*$8/*&(278B89+%(B%$+"#L( :%$ ($#08B%&'$(%D)*"'#()5"( ,%$()"8&28)5+D( '"8.+'58"%$ (0+(
X"57B5)*+'"%($*&'( 2*B)5"#$(5+D( $#08B%&'$ (#275&/,,*&&#$(5+(X5&M,50%$7F( C( ~k( YB( %&(
5B*&'( 0%( ,5 (2*&o+%&2% (%&'"% (,%(X"57B5)*+'"%(%'( ,%(;5&M%( gA5B+&5 (X"80M%F( 4jrLq�l~( I(
?�sLusvjiL( 15&$ ( ,5 ( ),58&%( 3&0*I;5&M#/9+%F( ,% ( X"57B5)*+'"%( "%Z*8'( 0%$( '"8.+'58"%$(
$8M&8O25/P$(0%(,5(275n&%(78B5,56%&&%(5+(4*"0F(0-5B*&'(%&(5K5, (,5 ([+.5&$8"8F(,%(<5&5$ (%'(,5(
c%%$'5(58&$8 (9+%(0%$ ('"8.+'58"%$ (),+$ ()%/'$ (2*BB%(,5 (@5&M5(4508F(!+'78B5"8F( A85 (X75"%,8L(1%(
),+$(0%$(5é+%&'$ (0% (,-%$'(2*&'"8.+%&'(#M5,%B%&'(5+(o+D(0+(X"57B5)*+'"%(5K%2(,5 (:*78'(%'(,5(
18.5&M( 58&$8 (9+%(,%$ ("8K8E"%$ (0+([+0F(0"58&5&'( ,% (),5'%5+(0% ([78,,*&M( 2*BB%(,5 (>*)8,8 (%'( ,5(
175&$8"8L( :%$ ($#08B%&'$ (0%$ ('"8.+'58"%$ (0+(X"57B5)*+'"% (*&'( #'#$(5&5,6$#$(%&(0#'58, ()5"(
[8&M7( %'( H"5&2%I:5&*"0( gjkkjiL( 4*+$( ,%$ (2*B)5"*&$( 5+D( &*B."%+$%$(0*&&#%$( *.'%&+%$(
0%)+8$ ($+"( ,%( X"57B5)*+'"%( 5+( X5&M,50%$7L( :%$ (B#'7*0%$ (5&5,6/9+%$( $*&'( $8B8,58"%$ ( C(
2%,,%$(+/,8$#$($+"(,%(.5$$8&(0+(;5&M%(%'(&%($*&'()5$("#I5.*"0#$(828L(

q!W!K%E,'(8+$+%5#3B3:*$+%-$+%+Y-3B$,.+

( ]+()"%B8%"( *"0"%(,%$ ('%&05&2%(*.$%"K#$($+"( ,%$ ($#08B%&'$ (0+( X"57B5)*+'"%($*&'(
$8B8,58"%$ (C (2%,,%$ (*.$%"K#$ ($+"(,%$ ($#08B%&'$ (0+(;5&M%(gH8M+"%( L̂lrF( L̂l~F( L̂lu(%'( L̂l�iL(H%}
[8F(>}[8 (%'(W%z&}[8 ($*&'()*$8/K%B%&'(2*""#,#$ (5+("5))*"'(],}[8 ($*+,8M&5&'(9+%(,%$ ($#08B%&'$(
O&$F( #275&/,,*&&#%$ (%&($+"P52% (g],}[8 (#,%K#$iF( $*&'(%&"8278%$ (%&(H%F(>(%'(W%z&( )5"( "5))*"'(
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5+D( $#08B%&'$ ( M"*$$8%"$ ( '"5&$)*"'#$ ( ),+$ ( )"E$ ( 0+( P*&0( g],}[8( .5$iL( G%R%( '%&05&2%( %$'(
#M5,%B%&'("%'"*+K# ()*+"(,% (45F(BNB%($8 (2*BB%(05&$(,%(;5&M%(,%$ ("%,5/*&$ (],}[8(I(45}[8 (&%(
$*&'()5$(,8&#58"%$L(1%(P*"'%$ (7#'#"*M#&#8'#$ ($*&'(*.$%"K#$()*+"(,%$ ($#08B%&'$ ()"#,%K#$ ($+"(,%(
,8'( *+(,%$(.%"M%$ (0%$ (08T#"%&'%$ ("8K8E"%$F( $*+,8M&5&'( ,%$ (%T%'$ (),52%"( )*+K5&'( %&"8278"( ,%$(
$#08B%&'$(%&(B8&#"5+D( 522%$$*8"%$L( G%$ (BNB%$(#275&/,,*&$($*&'( #M5,%B%&'( %&"8278$ (%&(
5+'"%$(#,#B%&'$(5$$*28#$(5+()75$%$(B8&#"5,%$(,%$(),+$(0%&$%$(2*BB%(,%(c8(%'(,%(`"L

( :%$ ($#08B%&'$ (#275&/,,*&&#$ (%&($*"/%(0%(275n&%(B*&'"%&'(+&(BNB%('%&05&2%(0%$(
"5))*"'$ (H%}[8 (gH8M+"% (̂ Llvi(%'(W%z&}[8(g)*+"(,%$ (9+%,9+%$ (#275&/,,*&$ (5&5,6$#$F(H8M+"%( L̂l�i(
)5"( "5))*"'(C (],}[8L(!*+"( ,%$ (25/*&$(B*.8,%$F( 8, (5))5"58'(9+%(,% (<5&5$(%$'( 5))5+K"8$ (%&(45(
)5"("5))*"'(C (,5 ('%&05&2%(0#2"8'%()5"(,%$ (#275&/,,*&$(0%$ (5+'"%$ (5é+%&'$ (78B5,56%&$ (gH8M+"%(
L̂l~i('5&08$ (9+%(,5 ([+.5&$8"8 (%$'(5))5+K"8%(%&(>(gH8M+"% (̂ LluiL(1-5+'"%$ ('"8.+'58"%$ (78B5,56%&(
B8&%+"$ ()"#$%&'%&'( #M5,%B%&'( 0%$ (5))5+K"8$$%B%&'$ (%&(45 (%'( >( g&*&(0#'58,,#$ (05&$ (,%$(
OM+"%$($+8K5&'%$iL(:%$("8K8E"%$ (0"58&5&'(,%(),5'%5+(0%([78,,*&M(5+([+0(B*&'"%&'(0%$ ('%&%+"$(
%&( H%( )"*27%( 0%$( 5é+%&'$ ( 78B5,56%&L( ?,,%$ ( $*&'( 2%)%&05&'( B5"9+#%$( )5"( +&(
5))5+K"8$$%B%&'( $8M&8O25/P( %&( 45 (%'( >F( 522*B)5M&#( 0-+&( %&"8278$$%B%&'( %&(W%z&L( :%$(
"8K8E"%$ (0%()"*K%&5&'(0%(,-%$'($*&'(%&"8278%$ (%&(H%(%'(45(B58$ (5))5+K"8%$(%&(>()5"("5))*"'(5+(
"8K8E"%$ (78B5,56%&&%$L(:-*"8M8&%(,8'7*,*M89+%(0%(2%$(K5"85.8,8'#(%$'()"8K8,#M8#L(:5($+'+"% (%$'(0%(
,5 ( 275n&%( 78B5,56%&&% ( C ( +&%( $'"+2'+"%( M#*,*M89+%( 2*B),%D%( %'( ,%$ ( .5$$8&$( K%"$5&'$(
2*&'"8.+5&'$ (5+D( o+D( $#08B%&'58"%$ (&%($*&'( )5$ (7*B*ME&%$(0+()*8&'(0%(K+%( ,8'7*,*M89+%(
g%LML( d8&(%'(5,LF(jklkiL(G%R%(,8'7*,*M8%(7#'#"*ME&%($%('"50+8'( ,% (),+$ (K"58$%B.,5.,%B%&'()5"(
+&%( 2*B)*$8/*&( 278B89+%( 0%$ ( $#08B%&'$ ( %D)*"'#$ ( 08T#"%&'% ( %&'"%( ,%$ ( 5é+%&'$(
#275&/,,*&&#$L

:%(X"57B5)*+'"%(5+(X5&M,50%$7F( 5 (,+8 (#'#(#275&/,,*&&#(,*"$ (0%$ (B*+$$*&$ (jkkjF( jkkrF(
jkkvF( jkkuF( jkk�( %'( jklk( 5O&( 0%( 0*2+B%&'%"( ,5 ( K5"85.8,8'# ( 8&'%"I5&&+%,,% ( 0+( $8M&5,(
$#08B%&'58"%(05&$ (,5 ()5"/%(,%(),+$ (08$'5,%(0%($*&(.5$$8&L(:5(2*B)*$8/*&(0+(X"57B5)*+'"%(
%$'(8&'%"B#0858"%(%'(%$'(2*B)5/.,% (5K%2(,5 (2*B)*$8/*&(0%$ ('"8.+'58"%$ (#275&/,,*&&#%$L(G%$(
#275&/,,*&&5M%$ (8&089+%&'(#M5,%B%&'F(9+%(2*BB%()*+"(,%(;5&M%F(,5(2*B)*$8/*&(278B89+%(
0%$( $#08B%&'$( 0+( X"57B5)*+'"%( %$'( K5"85.,%( $%,*&( ,-5&&#%( 0-#275&/,,*&&5M%L( G%R%(
K5"85.8,8'#(%$'(5R"8.+#(C (,5 (2*&'"8.+/*&(K5"85.,%(0%$(08T#"%&'%$($*+"2%$(0%($#08B%&'$ (05&$ (,%(
.5$$8&L
:5 ( 2*B)*$8/*&( 8$*'*)89+%( %&( 760"*ME&%( 0+( X"57B5)*+'"%( 5+( X5&M,50%$7( %$'( 2*B)"8$%(
%&'"%(I�v(%'(Isv(ò(%'(%$'(2*B)5"5.,%(C(2%,,% (B%$+"#()*+"(,%(;5&M% (gH8M+"% (̂ LsiL(:%$ ($*+"2%$(
78B5,56%&&%$ ($*&'(),+$(K5"85.,%$(%'(5R%8M&%&'(Iljj(ò()*+"(+&(#275&/,,*&(0+(c$5&M)*L(:%$(
'"8.+'58"%$ (0+([+0($*&'(05&$ (,-%&$%B.,%(%&"8278%$(%&(1()5"("5))*"'(5+D($#08B%&'$(B%$+"#$(
05&$(,%(.5$8&L
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`+>1)'5T34S/5G*B)*$8/*&(278B89+%(H%}[8(%&(P*&2/*&(0+("5))*"'(],}[8(0%$($#08B%&'$(0+(.5$$8&(0+(
X"57B5)*+'"%(g5iL([*&'(#M5,%B%&'( 0#'58,,#$F (,%$()"8&28)5+D(5é+%&'$(0+( X"57B5)*+'"%(g.i( 58&$8(
9+%(,%$(08T#"%&'%$(5&&#%$(0-#275&/,,*&&5M%(%T%2'+#$(5+(X5&M,50%$7(g2iL
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`+>1)'5T34U/5G*B)*$8/*&(278B89+%(45}[8(%&(P*&2/*&(0+("5))*"'(],}[8(0%$($#08B%&'$(0+(.5$$8&(
0+( X"57B5)*+'"%(g5iL([*&'(#M5,%B%&'( 0#'58,,#$F(,%$()"8&28)5+D( 5é+%&'$( 0+(X"57B5)*+'"%( g.i(
58&$8(9+%(,%$(08T#"%&'%$(5&&#%$(0-#275&/,,*&&5M%(%T%2'+#$(5+(X5&M,50%$7(g2iL
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`+>1)'5T34O/5G*B)*$8/*&(278B89+%(>}[8( %&( P*&2/*&(0+( "5))*"'( ],}[8( 0%$($#08B%&'$(0+( .5$$8&(
0+( X"57B5)*+'"%( g5iL([*&'( #M5,%B%&'(0#'58,,#$F( ,%$( )"8&28)5+D( 5é+%&'$(0+(X"57B5)*+'"%( g.i(
58&$8(9+%(,%$(08T#"%&'%$(5&&#%$(0-#275&/,,*&&5M%(%T%2'+#$(5+(X5&M,50%$7(g2iL
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`+>1)'5T34a/5G*B)*$8/*&(278B89+%(WjzÑ}[8( %&(P*&2/*&(0+("5))*"'(],}[8(0%$( $#08B%&'$(0+( .5$$8&(
0+( X"57B5)*+'"%( g5i( %'( 2*B)*$8/*&( 8$*'*)89+%(0%( ,-760"*ME&%( %&(P*&2/*&(0%(WjzÑ}[8( )*+"( ,%$(
$#08B%&'$(B%$+"#$L
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q!W!W%u;(3+';6,%-$+%+Y-3B$,.+%$,%+*+0$,+36,%06*)%*,%@3(',%-['(.Y)';6,%-*%M)'#B'06*.)$%D

( :%$ ('%&%+"$ (0%$ ($#08B%&'$(0+(X"57B5)*+'"% (5+(X5&M,50%$7(%&(#,#B%&'$(B*.8,%$ (%$'(
'"E$ ()"*27% (0%(,5 (2*B)*$8/*&(0%(2%$ ()"8&28)5+D( 5é+%&'$ (78B5,56%&$L( :5('%&%+"( %&(45 (0+(
X"57B5)*+'"%(5+(X5&M,50%$7(%$'(#,%K#%(2*B)5"#(5+D( 2*B)*$8/*&$ (0%($%$ ('"8.+'58"%$L( :5(
2*&'"8.+/*&( "%,5/K%(0%$($#08B%&'$(0+(<5&5$ (%'( 0%( ,5 ([+.5&$8"8( &% ()%+'( 0*&2( )5$(N'"%(
8B)*"'5&'%( 05&$( ,% ( .5$$8&( 0+( X"57B5)*+'"%( 25"( 8&2*B)5/.,%( 5K%2( ,%$ ( '%&%+"$( %&( 45(
B%$+"#%$ (%&(5K5,L([+"(,5 (.5$%(0+(>F(,%$('"8.+'58"%$ (0% (,-?$'(%'(0+([+0F(58&$8 (9+%(,5 ([+.5&$8"8 (&%(
"%)"#$%&'%&'()5$(&*&(),+$ (0%$ (5))*"'$ ($#08B%&'58"%$ ()"#0*B8&5&'L( :%$('"8.+'58"%$ (0%(,-?$'(
&%( )%+K%&'( #M5,%B%&'( )5$( N'"%$( 8B)*"'5&'$ (25"( ,%+"$ ("5))*"'$ (H%}[8 (#,%K#$ (&% ($*&'( )5$(
"%'"*+K#$ (05&$ (,%$ ($#08B%&'$ (0+(X5&M,50%$7L([+"(2%$ (.5$%$(M#*278B89+%$F($%+, (,%([85&M(%'(,5(
c%%$'5( )%+K%&'( "%)"#$%&'%"( +&%( $*+"2%( B5S*"8'58"% (0%$( $#08B%&'$( 0+( X"57B5)*+'"%( 5+(
X5&M,50%$7L( :5 (2*B)*$8/*&( 8$*'*)89+% (%&(["( 2*&$'5&'%(0+(X"57B5)*+'"% (0% (,5 ($*"/%(0%(
275n&%( S+$9+-5+( X5&M,50%$7( gDF["}D@["( íkLujF( [8&M7( %'( H"5&2%I:5&*"0F( jkkji( &-%$'( )5$(
2*B)5/.,% (5K%2(+&(5))*"'($8M&8O25/P(0%(,5 (c%%$'5 (9+8 (%$'(.%5+2*+)(),+$ ("508*M#&89+%(gDF["}
D@["(Ö(kL�iL(G%$(0*&&#%$(2*&O"B%&'(0*&2(9+%(,% (o+D($#08B%&'58"% (%$'()"8&28)5,%B%&'(0#"8K#(
0+([85&ML(:%$ (K5"85/*&$(8&'%"I5&&+%,,%$ (0% (,5(2*B)*$8/*&(0+(X"57B5)*+'"% (5+(X5&M,50%$7(
8B),89+%&'( 2%)%&05&'( 9+%( 0%$ ( 2*&'"8.+/*&$ ( K5"85.,%$ ( 0-5+'"%$( 5é+%&'$ ( %D%"2%&'( +&(
2*&'"J,%(0%($%2*&0(*"0"%($+"(,5($8M&5'+"%(278B89+%(0%$($#08B%&'$L

( :5 ("#5,8$5/*&(0-+&(.8,5&(0-5,'#"5/*&(2*B),%'(0+(.5$$8&(0+(X"57B5)*+'"% (&#2%$$8'%(
0\%$/B%"(gli(,5(2*B)*$8/*&(B*6%&&%(0%(,5(2"*m'% (#"*0#%(05&$ (,%(.5$$8&F(gji(,5 (2*B)*$8/*&(
%'( ,%(o+D( 0%($#08B%&'( )"*K%&5&'$(0%(2759+%(5é+%&'( %'( gqi( ,5(2*B)*$8/*&(%'( ,%(o+D( 0%$(
$#08B%&'$(5+(X5&M,50%$7L

å :5($'"+2'+"% (M#*,*M89+% (0%(,5 ($6&'5D% (*"8%&'5,% (78B5,56%&&%(0%B%+"% (B5,(2*&&+%L(
:%(X"57B5)*+'"%(0"5n&%(5+(4*"0(,%$($#"8%$ ($#08B%&'58"%$ (0+(c8.%'F( ,%$ (.5'7*,8'%$(
0+(c"5&$IW8B5,565(58&$8 (9+% (0%$ (2%8&'+"%$ (M"5&8/9+%$ (),+$ (5+(4*"0(gó+(%'(5,LF(ls�vÇ(
1%.*&(%'( 5,LF( ls�~iL(15&$ (,%(2Ø+"(0%(,5(275n&%(%'( ,5 ("#M8*&(0+(45B27%IX5"f5 (,%(
o%+K%(0"5n&%(0%$($#08B%&'$(B#$*Q*à9+%$ (P*"'%B%&'(B#'5B*")78$#$ (%'(8&'"+0#$(0%(
),+'*&$ (25,2*I5,25,8&$(gX+"M(%'( 5,LF( ls��i(58&$8 (9+% (0%$ (+&8'#$(B#'5I$#08B%&'58"%$(
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X"57B5)*+'"%( %$'( #M5,%B%&'( 2*&O"B#( )5"( +&%( $+"P52%( $)#28O9+% ( ),+$ ( 8B)*"'5&'%( 0%$(
$#08B%&'$(0+(;5&M%(g;5,6(%'(5,LF(jkkuiL(:%(.*&(522*"0(%&'"%(,5(G?G`U$%'(G?Ga53,( 8&089+%(9+%(
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Na+ K+ Mg2+ Ca2+

GANGAGANGAGANGAGANGAGANGA
Water conc. (µmol/l) 278 64 203 549
Mean NX (%) 1.2 6.6 16.8 75.3
KMgX 0.02 0.4 1 1.7

BRAHMAPOUTREBRAHMAPOUTREBRAHMAPOUTREBRAHMAPOUTREBRAHMAPOUTRE
Water conc. (µmol/l) 91 49 156 349
Mean NX (%) 0.6 5.8 17.0 76.6
KMgX 0.02 0.4 1 2.0

L. MEGHNAL. MEGHNAL. MEGHNAL. MEGHNAL. MEGHNA
Water conc. (µmol/l) 171 55 175 431
Mean NX (%) 2.2 7.0 15.6 75.3
KMgX 0.04 0.4 1 2.0
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%&($*"/%(0% (275n&% (gK*8"(275)8'"%(3^iL(=&($'*2Y5M%(0%($#08B%&'$ (M"*$$8%"F(5K%2(+&(],}[8 (.5$(
05&$(,5 (),58&%('%&0(C (P58"%(5+MB%&'%"(,%("5))*"'(],}[8(0%$($#08B%&'$(%D)*"'#$L(15&$(,%(25$ (0+(
X"57B5)*+'"%F(,5(),58&% (5,,+K85,% ("#0+8'% (&%(,58$$%()5$ ($+))*$%"(+&($'*2Y5M%(0%($#08B%&'$(
8B)*"'5&'L(:%("5))*"'(],}[8 (0%$($#08B%&'$ (%D)*"'#$ (&%()%+'(0*&2("58$*&&5.,%B%&'()5$ (N'"%(
.%5+2*+)(),+$ (#,%K#(9+% (2%,+8 (0%$ ("*27%$ ($*+"2%$ (*+(9+% (2%,+8 (0+(;5&M%L(?&(,-5.$%&2%(0%(
2*&'"58&'%$ ( $+)),#B%&'58"%$( &*+$ ( P58$*&$ ( 828 ( ,-76)*'7E$%( 9+% ( ,%( "5))*"'( ],}[8 ( 0+(
X"57B5)*+'"%(%$'(80%&/9+%(C (2%,+8 (0+(;5&M%(gkLjqiL(:5 ("%,5/*&(,8&#58"%(%&'"% (],}[8(%'(,5 (G?G(
0#'%"B8&#()*+"( ,5 (:*f%"(<%M7&5 (gH8M+"%( L̂jki(B*&'"% (9+% (,5 (G?G(B*6%&&%(0%$ ($#08B%&'$(
%D)*"'#$ ()5"(,% ($6$'EB%(78B5,56%&(%$'(0% (vLs(gô(kLri(B%9}lkkM(0%($#08B%&'$ (565&'(+&(],}[8(
0%(kLjqL(!*+"(+&(o+D(%$/B#(0+(;5&M%IX"57B5)*+'"%(0%(ltlk#('}5&(g@[!F(lss~iF(,5(25)528'#(
0-#275&M%(0#,8K"#%(C(,5(X58% (0+(X%&M5,%(%$'(0% (vLstlk!A(B%9}5&L(:5 (2*B)*$8/*&(0+(2*"'EM%(
25/*&89+%(#275&M%5.,%()%"B%'(0% (25,2+,%"(,% (o+D('*'5, (0% (25/*&(#275&M%5.,% (5+()5$$5M%(%&(
B8,8%+(B5"8&(gc5.,%5+ (̂ LviL(G%28 (B*&'"%(9+%(,%(o+D(0%(G5%&(B5D8B+B(#275&M#(&%("%)"#$%&'%(
9+-%&K8"*&(~(p(0+(o+D( '*'5, (08$$*+$ (0+($6$'EB%L(G%)%&05&'( $%+,(+&%(P"52/*&(0+(G5%&( %$'(
#275&M#()*+"(0+(45&F(<M%&(%'(>&(5+()5$$5M%(05&$(,-%5+(0%(B%"(g[65,%$(%'(<5&M%,$0*"PF(lsuuÇ(
[56,%$(%'( <5&M%,$0*"PF( lsusiL( [+"( ,5 (.5$%( 0% (2%$ (%$/B5/*&$F( ,5( 0#$*")/*&( 0%(G5%&( %$'(
0-%&K8"*&(l~tlk#$B*,}5&F( $*8'(%&K8"*&(r( p(0+(o+D( 08$$*+$L( :-50$*")/*&(0% (45&( %$'( ,5 (),+$(
$8M&8O25/K%(%'( "%)"#$%&'%(lq( p( 0+(o+D( 08$$*+$L( :-50$*")/*&( 0% (>&( %'(<M%&$ "%)"#$%&'%&'(
"%$)%2/K%B%&'(%&K8"*&(u(%'(q(p(0+(o+D(08$$*+$ (0+($6$'EB%(78B5,56%&L(:% (2*B),#B%&'(0%(
25/*&$ ()"*.5.,%B%&'(#275&M#$(%$'(B5S*"8'58"%B%&'()*"'#()5"(W&( g[56,%$ (5&0(<5&M%,$0*"PF(
lsusi( B58$( &-5 ( )5$ ( #'#( 0#'%"B8&#L( :5 ( 0#$*")/*&( 0%( W&( %$'( +&( )+8'$ ( 0-5,25,8&8'#(
$+)),#B%&'58"%(%'(58&$8(+&%($*+"2%()"*.5.,%(0%(Gz%L
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Fluxa          

(109 mol/
yr)

G&B 
silicate 
Fluxb         

(109 mol/yr)

Max. 
exchangeabl
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% of 
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d flux

% of 
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d silicate 

flux

Prob. 
exchangeabl
ec (109 mol/yr)

% of 
dissolve

d flux

% of 
dissolve

d 
silicate 

flux
Na+ 144 99 -59 -41 -60 -23 -16 -23
K+ 50 50 + 2 + 4 +4 -4 -8 -8
Mg2+ 161 25 + 5 + 3 +20 -6 -4 -24
Ca2+ 386 37 + 23 + 6 +62 + 16 + 4 +43

( ]+( )"%B8%"( *"0"%( ,%( .8,5&( 0-5,'#"5/*&( )%+'( 0*&2( N'"% ( )"#28$# ( )*+"( ,%( $6$'EB%(
78B5,56%&(%&($+8K5&'( ,%$ (o+D(#275&M#$ ()"*.5.,%$ (g%&()"%&5&'(%&(2*B)'%(,%$(08T#"%&2%$ (0%(
275"M%$(8*&89+%$ib
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( c7%(B%275&8$B$ (5&0(P%%0.52Y$ (,8&Y8&M('7%(,*&MI'%"B(%K*,+/*&(*P(2,8B5'%F(27%B825, (
f%5'7%"8&M( 5&0( )76$825, (0%&+05/*&( "%B58&( 0%.5'%0 $ g%LML( @56B*( 5&0( @+008B5&F( lssjÇ(
H"5&2%I:5&*"0(5&0(1%""6F(lssuÇ(`75&M(%'(5,LF(jkklÇ(1*&&508%+(%'(5,LF(jkkrÇ(É8,,%&."8&M(5&0(
K*&( X,5&2Y%&.+"MF( jklkÇ( G75""%5+( %'( 5,LF( jklliL( G,8B5'%( %D%"'$ ( 5 ( 08"%2'( 8&o+%&2%( *&(
f%5'7%"8&M( "5'%$ ('7"*+M7( '%B)%"5'+"%F( "+&*T( 5&0(K%M%'5/*&( '75'( 5T%2'( '7% (08$$*,+/*&(
"5'%$(*P("*2Y(P*"B8&M(B8&%"5,$ (gÉ78'% (5&0(X,+BF(lssviL(X+'(P+"'7%"(+&0%"$'5&08&M( 8&'*('7%(
2*B),%D( 2*+),8&M( .%'f%%&(f%5'7%"8&M( 5&0( 2,8B5'% (*P( 2*&/&%&'5, ($25,%( $6$'%B$( 25&( .%(
M58&%0(.6($'+068&M('7%8"("%$)*&$%('*(B5S*"(2,8B5/2('"5&$8/*&$(8&('7% (?5"'7-$ (78$'*"6L(W%"%(f%(
0*2+B%&'( '7%( %K*,+/*&(*P(f%5'7%"8&M( 8&'%&$8'6( *P( '7%(W8B5,565&( $6$'%B( P"*B( '7% (:5$'(
;,5285, (<5D8B+B(g:;<i('*()"%$%&'( +$8&M( '7%($%08B%&'("%2*"0(*P('7%(X56( *P(X%&M5, (gX*XiL(
z+"(5))"*527(8$ (.5$%0(*&(M%*27%B825, (2*B)*$8/*&$ (*P($%08B%&'$ (5&0("%P%"$ ('*('7%(0%'58,%0(
$'+06(*P(B*0%"&($%08B%&'$ ('"5&$)*"'%0(.6('7% (;{X(g:+)Y%"(%'(5,LF(+*@B3F$-%'iL(c7% (B*0%"&(
;5&M5(.5$8&($7*f$ ('75'('7%(27%B825, (2*B)*$8/*&(*P($%08B%&'$ ()"*0+2%0(.6('7% (W8B5,565&(
%"*$8*&( 5"%( 5T%2'%0( .6( 27%B825,( f%5'7%"8&MF( f7827( 25&( .%( '"52%0( 8&( '7%( $%08B%&'5"6(
"%2*"0$ (g:+)Y%"(%'(5,LF(+*@B3F$-%'iL(É% (+$% (B*.8,% ('*(8BB*.8,%("5/*$($+27(5$ (>}[8 (5&0(W%z
&}[8 ( 5$ (f%,, ( 5$ ( '7%( 0%'"8'5, (25".*&5'%( 5.+&05&2% (*P( $%08B%&'$ (5$(f%5'7%"8&M( '"52%"$ ( 8&(
5008/*&('*(["(5&0(40(8$*'*)82(2*B)*$8/*&$ (5$()"*K%&5&2%('"52%"$L(c7%(X*X("%2*"0()"*K80%$(
'7%(*))*"'+&8'6('*(5$$%$$('7%(50S+$'B%&'$ (*P('7%(W8B5,565&($6$'%B('*(,5"M% ($25,% (5&0(78M7(
P"%9+%&26(275&M%$(8&(%D'%"&5,(P*"28&ML

SR*?$.)/&$4*$#-*%).31-+Q

É%(2*B)5"% ('7%(B*0%"&(%K*,+/*&(*P('7% (27%B825,(2*B)*$8/*&(*P($%08B%&'$ (8&('7%(
W8B5,565&($6$'%B('*('7% (27%B825, (2*B)*$8/*&(*P($%08B%&'$ (P"*B(OK% (2*"%$ (*P('7%(X*X(gH8ML(
liL(c7% (W8B5,565&($6$'%B(75$ (.%%&(%D'%&$8K%,6(2*K%"%0(.6($5B),8&M("8K%"( $%08B%&'$ (8&('7%(
B58&('"8.+'5"8%$ (*P('7%(;{X(P"*B('7%(W8B5,565&(P"*&'(0*f&$'"%5B('*('7%(:*f%"(<%M7&5(8&(
X5&M,50%$7L(c7%(:*f%"(<%M7&5("%)"%$%&'$ ('7%(2*&o+%&2%(*P('7%(;5&M5(5&0(X"57B5)+'"5(
5&0( 8$ (%D)*"/&M( '7% (f*",0( ,5"M%$'( $%08B%&'( o+D( '*( '7%(*2%5&$(f8'7(25L( l⋅lk#( '}6"$ g@[!F(
lss~iL( [5B),8&M(B58&,6( '**Y(),52% (0+"8&M(B*&$**&($%5$*&(5&0( 8&2,+0%0F(f7%&()*$$8.,%F(
$%08B%&'(0%)'7()"*O,%$ (*P('7% (f5'%"(2*,+B&L(1%'58,$ (*&($5B),8&M()"*2%0+"%$(25&(.%(P*+&0(
8&(:+)Y%"(%'(5,LF(g+*@B3F$-%@iL

c7%(X*X($%08B%&'(2*"%$(f%"% ("%'"8%K%0(0+"8&M(@^(96,,$(2"+8$%([zsq(8&(lssr(*&('7%(
$7%,P(glkv>:(5&0(lku>:i(5&0(8&('7%(52/K%(275&&%, (,%K%%($6$'%B(*P( '7% (B800,%(P5&(gllu>:F(
ll�>:(5&0(ljk>:i$gÉ%.%"(%'(5,LF(lssuiL(c7%(27"*&*,*M6(*P('7%(2*"%$ (8$()"*K80%0(.6(25,8."5'%0(
!BG( 5M%$ (*&(),5&Y'*&82( P*"5B8&8P%"$F( !AFG$F( %!"!.(5&0(%%D@5(M5BB5 ($)%2'"*B%'"6$gÉ%.%"(%'(
5,LF(lssuÇ(<827%,$ (%'(5,LF(lss�Ç([+2Y*f(%'(5,LF(jkkliL(c78$ (2*B)*$8'%($%08B%&'( "%2*"0($)5&$(
'7%(,5$'(jl(Y6"(X!F(2*K%"8&M('7%(0%M,5285/*&(*P('7%(W8B5,565&("5&M%L(W%B8)%,5M82(,56%"$ (f%"%(
%D2,+0%0(*P('7%($'+06( 8&(*"0%"('*(P*2+$(*&('+.808/2($%08B%&'$ ("%)"%$%&/&M('7%(;{X(0%'"8'5,(
$8M&5,(g!8%"$*&IÉ82YB5&F(jkklÇ(É%.%"(%'(5,LF(jkkqiL

( É%5'7%"8&M( 8$ ('"52%0(.6(+$8&M('7%(B*.8,% ('*(8BB*.8,%(%,%B%&'5, ("5/*$(*P( '7%("8K%"(
$%08B%&'$($+27(5$ (>}[8 (*"(W%z&}[8L([8,825'% (f%5'7%"8&M(5&0($%2*&05"6(B8&%"5,(P*"B5/*&$ (5"%(
B5"Y%0(.6(5&(8&2"%5$%(8&($%08B%&'(760"5/*&(gW%z&i('75'(25&(.% ('"52%0(8&('7%($%08B%&'$L(45(
8$ ('7%(B58&($8,825'% (25/*&("%,%5$%0(0+"8&M(W8B5,565&(%"*$8*&F( 7*f%K%"('7%(+$%(*P(45}[8 (8$(
75B)%"%0( .6( $%5f5'%"( 2*&'5B8&5/*&( '75'( 25&&*'( .%( "%,85.,6( ,%527%0( *"( 2*""%2'%0( P*"L(
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`+>1)'5 T3BB/5;%*M"5)7825,( $%ú&M( *P( '7%( W8B5,565&( $6$'%BL( <*0%"&( "8K%"( $%08B%&'$( f%"%(
$5B),%0(8&('7%(;{X(.5$8&(5'('7%(W8B5,565&(P"*&'(gM"%%&(085B*&0$iF(5'('7%(*+',%'(*P('7%(;5&M5(
.5$8&( g"%0( 085B*&0i( 5&0( '7%( X"57B5)+'"5( .5$8&( g.,+%( 085B*&0i( 5&0( O&5,,6( 5ê%"( '7%8"(
2*&o+%&2%(8&( '7%(,*f%"(<%M7&5(g6%,,*f(085B*&0$iL(c7%$%($%08B%&'$(f%"%(2*B)5"%0( '*( '7%(
$%08B%&'("%2*"0(*P('7%(X*X('75'("%)"%$%&'$(5(2*B)*$8'%("%2*"0(P"*B()"*D8B5,($7%,P($%08B%&'$(
glkv>:(5&0(lku>:i(5&0(P"*B('7%(B800,%(P5&(275&&%,(,%K%%$(gllu>:F(ll�>:(5&0(ljk>:iL

(

( <8&%"5, ($*"/&M(%D%"'$(5 (O"$'(*"0%"(2*&'"*,(*&('7%(27%B825,(2*B)*$8/*&(*P($%08B%&'$ (
0+"8&M(760"*06&5B825, ('"5&$)*"'( 5$ (8'( $%M"%M5'%$ ()5"/2,%$ (.5$%0(*&('7%8"( $8Q%F( $75)%(5&0(
0%&$8'6( g;5"Q5&/(%'(5,LF( jkllÇ( :+)Y%"( %'( 5,LF($+.B8R%0iL(H*"(5 (M8K%&()*,6IB8&%"5, ($%08B%&'(
5$$%B.,5M%(%"*0%0(8&('7% (W8B5,565&("5&M%F('7%($%08B%&'( "%5278&M('7%(X%&M5, (H5&(B56( .%(
78M7,6($%M"%M5'%0L(!"%P%"%&/5, (0%)*$8/*&(*P(2*5"$%(5&0(0%&$%(B8&%"5,$ (8&('7% (P*"%,5&0(.5$8&(
*"( 8&('7%(B*$'( )"*D8B5, (B5"8&%($%ú&M$(f8,,()"*M"%$$8K%,6( %&"827( '7%("%B58&8&M( $%08B%&'(
,*50( 8&( O&%IM"58&()76,*$8,825'%$( 5&0( 2,56$L( ]008/*&5,,6F( ,*25, (760"*06&5B82( 2*&08/*&$ (*"(
275&M%$ (8&('7%(0%)*2%&'%"(f8,, (5,$*(5T%2'('7%(M"58&($8Q%(5&0(B8&%"5,*M6(*P('7%($%08B%&'5"6(
"%2*"0L([%08B%&'( $*"/&M( '7+$ (8B),8%$ ('75'( K5"85/*&$(8&(.+,Y( 27%B825,(2*B)*$8/*&(*P('7%(
$%08B%&'( 2*,+B&(0*%$ (&*'( &%2%$$5"8,6( "%2*"0(275&M%$ (8&(f%5'7%"8&M( 8&'%&$8'6( .+'( "5'7%"(
"%o%2'$(275&M%$(8&(760"*06&5B82( 2*&08/*&$ (0+"8&M('"5&$)*"'( *"( 0%)*$8/*&L(c*(*K%"2*B%(
'78$ (.85$ (f%(%K5,+5'%0('7%(B*.8,%('*(8BB*.8,% (%,%B%&'( "5/*$ (f8'7( "%$)%2'( '*('7%8"( ],}[8(
P*,,*f8&M( *+"( 5))"*527( *&( '7%( "8K%"( $%08B%&'$( *P( '7%( W8B5,565&( $6$'%B( g:+)Y%"( %'( 5,LF(
+*@B3F$-%'i(gH8ML(jiL(],}[8 (8$ (5()"*D6(*P(B8&%"5, ($*"/&M(5&0(M"58&($8Q%F(5&0($%08B%&'($*"/&M(8$(
80%&/O%0(5$(5 (9+5$8I,8&%5"(B8D8&M('"%&0(.%'f%%&(9+5"'Q("827F(,*f(],}[8(5&0(2,56("827F(78M7(],}
[8 ($%08B%&'$ $g:+)Y%"(%'(5,L(+*@B3F$-%@iL(É%5'7%"8&MF(8& ('+"&F(8$ (B5"Y%0(.6(5 (0%2"%5$% (*P('7%(
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B*.8,% ('*(8BB*.8,% ("5/*(5'(2*&$'5&'(],}[8 (5&0(8$ (B5D8B+B(P*"('7%(O&%IM"58&%0F(78M7(],}[8(
%&0( B%B.%"L( 3&( 2*&'"5$'F( '7% ( 2*5"$%IM"58&%0( %&0( B%B.%"F( "%)"%$%&'%0( .6( .%0,*50(
$%08B%&'$( 8&( '7%(B*0%"&( W8B5,565&( o+K85, ($6$'%BF( 0*%$ (&*'( %K*,K%( $8M&8O25&',6( 0+"8&M(
%"*$8*&(5&0('"5&$P%"(8&('7%($6$'%B(5&0(25&(.% (2*&$80%"%0(2*&$'5&'( 8&(5(M8K%&(.5$8&(g:+)Y%"(
%'( 5,LF(+*@B3F$-%'iL( ]( &*&I.85$%0(*"( $%M"%M5/*&I8&0%)%&0%&'(f%5'7%"8&M( 8&0825'*"( g>}[8ñ(
5&0(W%z&}[8ñi(8$('7%"%P*"%(*.'58&%0(.6(&*"B5,8Q8&M('7%(0%'"8'5,(B*.8,%('*(8BB*.8,% ($8M&5, ('*(
5 ( "%P%"%&2%( K5,+%( ],}[8( ã( kLjqF( f7827( "%)"%$%&'$ ( '7% ( 5K%"5M%( ;5&M5 ( 2*B)*$8/*&( 8&(
X5&M,50%$7(g:+)Y%"(%'(5,LF(+*@B3F$-%@iL

]008/*&5, ( f%5'7%"8&M( 5&0( )"*K%&5&2%( '"52%"$ ( $+27( 5$ ( G5}[8 ( "5/*$F( 25".*&5'%(
2*&2%&'"5/*&(5&0('7%8"(G( 5&0(z( 8$*'*)82(2*B)*$8/*&$F(["(5&0(40(8$*'*)82(2*B)*$8/*&$ (*P(
'7%($%08B%&'$ (f%"%(5,$*(B%5$+"%0L(c7%$% ('"52%"$(f%"%(&*'(P*+&0('*(.%(M"58&($8Q%(0%)%&0%&'(
5&0(5"%('7%"%P*"%(,%$$ ()"*&% ('*($*"/&M(%T%2'$ (g:+)Y%"(%'(5,LF(+*@B3F$-%@iL(c7%$% ('"52%"$(5"%(
&*'(&*"B5,8Q%0('*('7%8"(],}[8 ("5/*(5&0(5"%(%K5,+5'%0(*&('7%(.+,Y($%08B%&'L(c7%(5&5,6/25,(
)"*2%0+"%$(+$%0(P*"(B5S*"(%,%B%&'(5&5,6$8$F(W%z&(5&0(25".*&5'% (2*&'%&'(0%'%"B8&5/*&(5&0(
8$*'*)82( 2*B)*$8/*&(5"%(P+,,6( 0%'58,%0( 8& (:+)Y%"( %'( 5,L( g+*@B3F$-% 'R!( <5S*"( %,%B%&'$ (5"%(
5&5,6Q%0( .6( 3G!I]?[( 5'( '7%( [%"K82%( 0-]&5,6$%( 0%$( @*27%$ ( g[]@<IG@!;i( 5ê%"( ,8'78+B(
B%'5.*"5'%(P+$8*&(g;*K8&05"5S+(5&0(<%K%,,%F(ls�uÇ(G5"8M&5&(%'(5,LF(jkkliL(W%z&( 8$ (B%5$+"%0(
.6( ?]I3@<[(5ê%"( 25"%P+, (%,8B8&5/*&(*P( '7%( 50$*".%0(f5'%"( g:+)Y%"( %'( 5,LF( +*@B3F$-% 'eL(
G5".*&5'% (2*&'%&'(5&0(8$*'*)82(2*B)*$8/*&(8$ (0%'%"B8&%0(B5&*B%'"825,,6(5ê%"($%9+%&/5,(
WA!zB( 08M%$/*&( g;5,6( %'( 5,LF( lsssiL( ["( 5&0(40( 8$*'*)82( 2*B)*$8/*&$ (f%"% (B%5$+"%0( *&(
0%25".*&5'%0($%08B%&'$ (.6(c3<[(5ê%"(2,5$$825, ($%)5"5/*&(*&(8*&I%D275&M%("%$8&$(P*,,*f8&M(
!8%"$*&IÉ82YB5&&(%'(5,LF(gjkkli.

`+>1)'5T3BA/5<8&%"5,( $*"/&M(5&0( 27%B825,( f%5'7%"8&M(%T%2'$( *&( "8K%"( $%08B%&'( 27%B8$'"6L(@8K%"(
$%08B%&'$(5"%("%)"%$%&'%0(.6(5(B8D8&M('"%&0(.%'f%%&(2*5"$%(M"58&%0F($8,825("827F(,*f(],}[8(.%0,*50(
$%08B%&'$(5&0(O&%(M"58&%0(2,56$(5&0(B825$(f8'7(78M7( ],}[8( "5/*$L(G7%B825,(f%5'7%"8&M(8$(B5"Y%0(
.6( 5( 0%),%/*&( 8&( '7%(B*$'( B*.8,%( %,%B%&'$( *22+""8&M( 5'( &%5",6( 2*&$'5&'( ],}[8L( H*"( 760"5/*&F(
f%5'7%"8&M("%$+,'$(8&(5&(8&2"%5$%(*P(W%z&("%,5/K%('*([8L
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U*B)+(4.+Q

( c7%(%"*$8*&(5&0('"5&$P%"(*P( $%08B%&'$ (P"*B('7%(W8B5,565&("5&M%('7"*+M7('7%(;{X(
o**0),58&('*('7%(X*X(*22+"$ (5,*&M(f8'7(5 ($8M&8O25&'(08$$*,K%0(o+D(*P(%,%B%&'$('*('7%(*2%5&$(
'75'( 8$( ,8&Y%0( '*( '7% ( 27%B825, ( f%5'7%"8&M( *P( '7%( '"5&$)*"'%0( $%08B%&'$L( !5"'( *P( '7%(
$%08B%&'$(05'5 ($%'( $5B),%0(8& ('7%(;{X( .5$8&(75$(5,"%506( .%%&(%D'%&$8K%,6( 0%$2"8.%0( 8&(
)"%K8*+$ ($'+08%$ (g;5,6(5&0(H"5&2%I:5&*"0F(jkklÇ([8&M7(5&0(H"5&2%I:5&*"0F(jkkjÇ(;5,6(%'(5,LF(
jkk~Ç(;5"Q5&/(%'(5,LF(jklkÇ(;"5&%'(%'(5,LF(jklkÇ(;5"Q5&/(%'(5,LF(jkllÇ(:+)Y%"(%'(5,LF(+*@B3F$-%
'Ç( :+)Y%"(%'( 5,LF( +*@B3F$-% @i(5&0(25&(.% (P*+&0( 8&('7%($+)),%B%&'5"6( 05'5 ($%'F( c5.,%([lL(
c"5&$IW8B5,565&(@8K%"$F(5'('7%8"("5&M%(*+',%'F($7*f(78M7(>}[8 ("5/*$(5&0(,*f(W%z&}[8 ("5/*$(
f8'7("%$)%2'( '*('7%8"(],}[8 ("5/*$ (2*B)5"%0('*('7%($%08B%&'$ ($5B),%0(8&('7%8"(B*$'(08$'5,(
)5"'( 8&('7%(;5&M5 (),58&F(*"( 8&('7% (;{X(5&0('7%8"( 2*&o+%&2%F('7% (:*f%"(<%M7&5(gH8M+"% (qiL(
c7%( ,*$$( *P( >( 5&0( M58&( 8&( 760"5/*&( 0+"8&M( o**0),58&( '"5&$P%"( B5"Y$( '7%( )"*M"%$$8K%(
f%5'7%"8&M(*P( '7%($%08B%&'$F( 0%2"%5$8&M( '7%8"( >}[8ñ( 5&0( 8&2"%5$8&M( '7%8"( W%z&}[8ñ( 0+"8&M(
2*&/&%&'5,('"5&$P%"L(W*f%K%"()5"'(*P('7%($8M&5, (8$ ()"*K80%0(.6( $*+'7%"&(g;5&M5 (.5$8&i(5&0(
%5$'%"&( gX"57B5)+'"5(.5$8&i( '"8.+'5"8%$(2*&'"8.+/&M( '*(f%5'7%"%0($%08B%&'$ ('75'( 25&&*'(
$'"82',6( .% (5R"8.+'%0('*(W8B5,565&(f%5'7%"8&ML(c78$(2*&'"8.+/*&(8$(&%K%"'7%,%$$ (,8B8'%0(P*"(
.*'7('7%(;5&M5(.5$8&(g[8&M7(%'( 5,LF(jkk�Ç( :+)Y%"(%'(5,LF( +*@B3F$-%'i(5&0('7%(X"57B5)+'"5(
.5$8& (g[8&M7(5&0(H"5&2%I:5&*"0F(jkkjiL(G5".*&5'%(f%5'7%"8&M(8& ('7%(o**0),58&(8$ ($8M&8O25&'(
5&0( ,%50$( 5,B*$'( '*'5, ( 08$$*,+/*&( P*"( 25".*&5'%$ ( *P( '7% ( X"57B5)+'"5( $%08B%&'$ ( 8&(
X5&M,50%$7(g[8&M7(5&0(H"5&2%I:5&*"0F( jkkji(5&0(,*f(25".*&5'%$ (2*&'%&'( P*"( '7%(;5&M5(8&(
X5&M,50%$7(g:+)Y%"(%'(5,LF(+*@B3F$-%'iL

( c7%( ["( 5&0( 40( 8$*'*)82( 2*B)*$8/*&( *P( $%08B%&'$ ( %D)*"'%0( .6( '7% ( 'f*( ;{X(
f5'%"$7%0$(8$ (5,$*(08$/&2'(f8'7(;5&M5($%08B%&'$ (.%8&M(B*"%("508*M%&82(P*"(.*'7(["(5&0(40F(
'75&(X"57B5)+'"5 ($%08B%&'$(gH8M+"%(riL(;5&M5\$ (8$*'*)82($8M&5'+"%$(5"%($'5.,%(%$)%285,,6( P*"(
40F(f7827($+MM%$'(5 ("%,5/K%,6( $'%506( B8D8&M(.%'f%%&( '7%(08T%"%&'( $*+"2%$(*P($%08B%&'$L((

`+>1)'5T3BP/5 ?K*,+/*&( *P( >}[8( 5&0( W%z&}[8( 8&( '7%( B*0%"&( W8B5,565&( $6$'%BL( c7%( '"5&$P%"( *P(
$%08B%&'$( P"*B( '7%( W8B5,565&( P"*&'( @8K%"$( gM"%%&i( '*( '7%( *+',%'( *P( '7%( ;5&M5( g"%0i( 5&0(
X"57B5)+'"5(g.,+%iF(5$(f%,,(5$('7%8"(2*&o+%&2%('7%(:*f%"I<%M7&5(g6%,,*fi("%$+,'$(8&(5(,*$$(*P(>(
5&0(5&(8&2"%5$%(8&(W%z&(5$(f%5'7%"8&M()"*2%%0$L([*+'7%"&(*"(%5$'%"&F(&*&IW8B5,565&('"8.+'5"8%$(
5T%2'( '7%( 27%B825,( 2*B)*$8/*&( *P( '7%( W8B5,565&( $%08B%&'$( 0+"8&M( '"5&$P%"( .+'( '7%8"(
2*&'"8.+/*&( "%B58&$( ,8B8'%0L( 1%'58,%0( 05'5( 25&( .%( P*+&0( 8&( '7%( $+)),%B%&'5"6(05'5( O,%( [lL(
?&K%,*)%$("%)"%$%&'(kLsv(2*&O0%&2%(,%K%,(*&('7%("%M"%$$8*&()5"5B%'%"$L
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f%"%($8M&8O25&',6(,%$$(f%5'7%"%0(2*B)5"%0('*('7%($%08B%&'$(2+""%&',6(%D)*"'%0L(c7%(W8B5,565&($6$'%B(8$('7+$(
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