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Lake Titicaca 
3,810 masl 

Lago Poop— 
3,686 masl 

Rio Desaguadero 

Salar de Coipasa 
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0-30 cm - salt cap
30-55 cm - Dark brown mud w/salt crystals
77-94 cm - dark to light brown mud w/salt crystals
94-110 cm - salt
110-192 cm - dark to ligh brown mud w/few salt crystals

192-482 cm - alternating green, brown and black laminated muds

482-513 cm - dark brown mud w/no laminations

513-878 cm - alternating green, gray and black laminated muds

878-903 cm - brown mud containing macrophytes
903-913 cm - brown mud containing macrophytes and gastropods
913-995 cm - alternating gray to green mud containing macrophytes

995-1,170 cm - green laminated muds w/no macrophytes

1,170-1,188 cm - brown mud w/few laminations

1,188-1,384 cm - green laminated muds 
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(7) Rio Desaguadero 

Salar de Coipasa 
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3,653 masl 

Lago Grande 

Lago Huinaimarca 

Rio Laka  
Jahuira 

1 
2 

3 4 

5 

6 

9 10 

11 

12 

13 14 
16 

(15) Rio Grande 

17 

18 



!

"#!

!

$%&'!()*)+%+%!,-'./0,12!-)%!*3'!4),!5'2%67%8'.,9!+,:*.);7*):6!1%*'.!*,!*3'!23%00,1!<=>?"!

@!@%A)@7@!8'B*3!):!=CCDE!2%0):'!<="!6F0!):!?G#HE!$%6,!I,,BJ9!13)+3!0)'2!):!*3'!+':*.%0!

K0*)B0%:,>!(1,!0%.6'!2%0%.2!<2%0*!/0%*2E!0)'!):!*3'!2,7*3'.:!K0*)B0%:,L!*3'!M%0%.!8'!NO7:)!

%:8!*3'!M%0%.!8'!P,)B%2%>!(3'!M%0%.!8'!NO7:)!)2!*3'!0%.6'2*!2%0%.!):!*3'!1,.08!%:8!):!

1'**'.!*)@'2!)2!*3'!*'.@):%0!;%2):!/,.!*3 '!K0*)B0%:,>!!

$%&'!()*)+%+%!)2!@%8'!7B!,/!*1,!27;Q;%2):29!$%6,!R.%:8'!%:8!$%6,!S7):%)@%.+%>!

$%6,!R.%:8'!)2!0%.6'.!<D9?H?!&@=!):!=CCGE!%:8!8''B'.!<?="!@!@'%:!8'B*3!):!=CCGE9!

13'.'%2!$%6,!S7):%)@%.+%!)2!2@%00'.!<?9T=#!&@=!):!=CCGE!%:8!23%00,1'.!<@'%:!8'B*3!G!

@!):!=CCGE!%:8!@%&'2!7B!U?VW!,/!*3'!%.'%!,/!$%&'!()*)+%+%>!(1,!@%):!3O8.,0,6)+!

8)-)8'2!%//'+*!/0,1!):!*3'!$%&'!()*)+%+%!;%2):>!!(3'!:%..,1!<X?!&@E!%:8!23%00,1!<="!@E!

Y2*.'+3,!<2*.%)*2E!8'!()Z7):%!8)-)8'2!$%6,!R.%:8'!%:8!$%6,!S7):%)@%.+%>!![:!%88)*),:9!%!

23%00,1!%:8!1)8'!;'8.,+&!0'86'!.'670%*'2!*3'!:%*7.%0!,7*/0,1!/.,@!$%6,!S7):%)@%.+%!

*,!*3'!4),!5'2%67%8'.,>!!M):+'!=CC?!*3)2!,7*0'*!3%2!;'':!8%@:'89!%:8!/0,,86%*'2!%:8!

8,1:2*.'%@!8.'86'8!+3%::'02!+,:*.,0!,7*/0,1!<K7*,.)8%8!\):%+),:%0!K7*,:,@%!8'0!

M)2*'@%!S)8.)+,!(5IM!]K$(^E>!!S,1'-'.9!B.),.!*,!=CC?9!:%*7.%0!,7*/0,1!-)%!*3'!4),!

5'2%67%8'.,!,++7..'8!,:0O!13':!0%&'!0'-'0!):!$%6,!S7):%)@%.+%!1%2!'Z7%0!*,!,.!

'A+''8'8!H9#CT!@%20>!!57.):6!8.O!B'.),82!13':!0%&'!0'-'0!8.,BB'8!;'0,1!*3'!4),!

5'2%67%8'.,!,7*0'*!0'-'09!$% &'!()*)+%+%!1%2!%!+0,2'8!;%2):>!!57.):6!*3'!B'.),8!?GV#!*,!

?G#D9!,7*/0,1!,/!$%&'!()*)+%+%!-)%!*3'!5'2%67%8'.,!1%2!'2*)@%*'8!%*!HD>"!@HF29!



!

"#!

!

$%&'()*)+,!#-!%.!/01!/%/23!42/1(!3%**5!4)/0!162'%(2/)61!3%**!&27)+,!8'!/01!&29%()/:!

;0)*/%()$233:!<#=>##-5!?%$01!1/!23@5!=##AB@!!!

C%++1$/)+,!D271!E)/)$2$2!)+!/01!+%(/01(+!F3/)'32+%!/%!/01!$1+/(23!F3/)'32+%!)*!/01!

?)%!G1*2,82H1(%5!40)$0!)*!2!/(2+*)/)%+23!.386)23!*:*/1&!H)*'32:)+,!62()%8*!&%('0%3%,)1*!

$02(2$/1()*/)$!%.!&2(*01*5!&12+H1()+,!()61(*5!2+H!I(2)H1H!*/(12&*!;J28$%&!2+H!?),*I:5!

=###B@!!G8()+,!'1()%H*!%.!)+$(12*1H!'(1$)')/2/)%+!2+H!3%$23!(8+%..!/01!+%(/01(+!'2(/!%.!

/01!()61(!I2*)+!&1(,1*!4)/0!/01!*%8/01(+&%*/!'2(/!%.!D271!E)/)$2$2!;J28$%&!2+H!?),*I:5!

=###B@!!

D2,%!K%%'L!;M5NON!&2*3B!H(2)+*!2+!2(12!%.!""5PPP!7&A!)+!/01!$1+/(23!F3/)'32+%@!Q+!

2HH)/)%+!/%!?)%!G1*2,82H1(%!)+'8/5!)+.3%4!/%!/01!3271!)*!$%+/()I8/1H!I:!'(1$)')/2/)%+!

;<AP-B!2+H!*12*%+23!)+.3%4!.(%&!(1,)%+23!()61(*!;<N-B@!!E01!31613!%.!D2,%!K%%'L!62()1*!

4)/0!)+/1(2++823!$02+,1*!)+!42/1(!31613!%.!D271!E)/)$2$2!;C2(&%8R1!1/!23@5!=#SS!2+H!=#SOT!

U8:%/!1/!23@5!=#O#T!Q3/)*5!=##MT!V%+/1*!H1!W$2!APP"T!X%32!2+H!J1+,/**%+5!APPSB@!Y)*/%()$23!

(1$%(H*!%.!D2,%!K%%'L!)+H)$2/1!2!3271>31613!&)+)&8&!%.!=@N>A@A!&!4)/0!2(12!62(:)+,!

I1/411+!=5"PP!2+H!A5"PP!7&A!;J%832+,15!=#SOT!Q3/)*5!=##MB@!!Q+!=#O"!/01!3271!(12$01H!2!

&2Z)&8&!H1'/0!%.!N!&1/1(*!;2(12!%.!M5"PP!7&AB5!40)$0!$%((1*'%+H1H!4)/0!0),0!3271!

31613*!)+!D271!E)/)$2$2!;Q3/)*5!=##MB@!!

E01![232(!H1!C%)'2*2!)*!3%$2/1H!%+!/01!*%8/01(+!F3/)'32+%!2/!2+!13162/)%+!%.!M5N"N!

&2*3@!Q/!)*!/01!*1$%+H!32(,1*/!*23/!.32/!)+!J%3)6)2!;*1$%+H!/%![232(!H1!\:8+)B!4)/0!2+!2(12!%.!



!

"#!

!

$%&'##!()%*!!+,!-./!.!/012343.5!-.53,6!5.761!8).93)0)!,-34(:6//!;2!%*'!)<!=3,-!).1/-7!

).1>3:.5!?;:6/!8@13(/6:!6,!.5*&!ABCDE!F3/.4-61!.:G!H13,?&!ABBA<*!!I;G.7&!,-6!).J;1!3:25;=!

,;! K;3L./.!3/!,-6!F3;!M.04.&!=3,-!.!)6.:!.::0.5!G3/4-.1>6!;2!#*AN9A# B!) O!8P61Q343;!

R.43;:.5!G6!S6,61;5;>3.!T3G1;5;>3.!G6!U;53Q3.<*!!M;=VL61)6.W353,7!5.40/,13:6!/6G3)6:,/!

4;:/3/,3:>!;2!G6,13,.5!4;)L;:6:,/&!>7L/0)&!4.543,6&!;1>.:34!).,,61&!.:G!.0,-3>6:34!45.7!

) 3:61.5/!4;:,.3:3:>!3:,61/,3,3.5!W13:6/!536!W6:6.,-!,-6!/012.46!/.5,!410/,!8@134(/6:!6,!.5*&!

ABCDE!F3/.4-61!.:G!H13,?&!ABBA<*!I-6!P.5.1!G6!K;3L./.!0:G61>;6/!/6./;:.5!25;;G3:>!.:G!

G173:>!.:G!).3:,.3:/!.!L61).:6:,!5.(6!;22/-;16!;2!,-6!);0,-!;2!,-6!F3;!M.04.*! U13:6/!

-.Q6!W66:!;W/61Q6G!J0/,!W65;=!,-6!410/,!;2!,-6!P.5.1!G013:>!,-6!G17!/6./;:&!.:G!3:!/;)6!

76.1/!,-6!/ .5.1!G;6/!:;,!G17!8F3/.4-61!.:G!H13,?&!ABBA<*!

I-6!P.5.1!G6!X70:3&!5;4.,6G!/;0,-!;2!,-6!P.5.1!G6!K;3L./.!.,!.:!656Q.,3;:!;2!O&"'O!

)./5&!3/!,-6!=;15GY/!5.1>6/,!/.5,!25.,!=3,-!.:!.16.!;2!$A#&"##!() %!8F3/.4-61!.:G!H13,?&!ABBA<*!

I-6!/012343.5!410/,!;2!,-6!P.5.1!G6!X70:3!3/!/3)35.1!,;!,-.,!;2!K;3L./.&!-;=6Q61&!,-6!410/,!

-./!.!).93)0)!,-34(:6//!0L!,;!AA!)!8@13(/6:!6,!.5*&!ABCDE!F6,,3>!6,!.5*&!ABD#E!F3/.4-61!

.: G!H13,?&!ABBA<*!I-6!).J;1!3:25;=!,;!,-6!P.5.1!3/!,-6!F3;!Z1.:G6&!=-34-!-./!.:!6/,3).,6G!

)6.:!.::0.5!G3/4-.1>6!821;)!ABN' VAB'B<!;2!#*N9A#B!) O!8S;:,6/!G6![4.&!ABBC<!

!



!

"#!

!

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

$%&!'()*+(,-.!*/!0%,1,0)&1*2&3!45!,1*3!).!/&6* 7,1*3!0.-3*)*.-/8!,-3!) %&!6,9.1*)5!

.:!+1&0*+*),)*.-!*/!,//.0*,)&3!;*)%!)%&!<.=)%!'6&1*0,-!/=66&1!6.-/..-!><'<?@!>&ABA!

C&-)&1/!,-3!D..E8!#FFG!,-3!#FFFH!I%.=!,-3!C,=8!#FFJ@!,-3!:,((/!3=1*-B!)%&!,=/)1,(!

/=66&1!:1.6!K&0&64&1! ).!?,10%!>?.-)&/!3&!L0,8!#FFG@A!!M1&0*+*),)*.-!1,-B&/!:1.6 !JNN7

#8NNN!66O51!*-!)%&!-.1)%8!-&,1!C,E&!$*)*0,0,8!).!PNN7QNN!66O51!*-!)%&!0&-)1,(!4,/*-8!-&,1!

C,B.!M..+R8!,-3!S#NN!66O51!*-!)%&!)&16*-,(!4,/*-8!*-!)%&!T*0*-*)5!.:!)%&!<,(,1!3&!U5=-*!

>?,1*,0,8!#FJV@A!!?&,-!,--=,(!)&6+&1,)=1&/!1,-B&!:1.6!#N!WD!*-!)%&!-.1)%8!"!WD!*-!)%&!

0&-)1,(!1&B*.-8!,-3!(&//!)%,-!Q!WD!*-!)%&!/.=)%!;*)%!,!6&,-!,--=,(!T,1*,)*.-!.:!XV!WDA!!

$%&!)&6+&1,)=1&!6,Y*6=6/!.00=1!3=1*-B!L0).4&17Z.T&64&1!*-/)&,3!.:!3=1*-B!)%&!

,=/)1,(!/=66&18!3=&!).!*-01&,/&3!0(.=3!0.T&1!3=1*-B!)%&!/=66&1!6.-)%/A!!K,*(5!

)&6+&1,)=1&!:(=0)=,)&/!#V7[N!WD!>\.=(,-B&!,-3!']=*2!^,&-8!#FJ#@A!!_,1*,4*(*)5!*-!

+1&0*+*),)*.-!,-3!&T,+.)1,-/+*1,)*.-!>+,1)(5!,::&0)&3!45!0%,-B&/!*-!)&6+&1,)=1&@!

3&)&16*-&/!)%&!,6.=-)!.:!&::&0)*T&!6.*/)=1&!>).),(!+1&0*+*),)*.-!6*-=/!).),(!

&T,+.)1,-/+*1,)*. -@!,T,*(,4(&!).!01&,)&!/=1:,0&!;,)&1A!!L-!)%&!'()*+(,-.!,-!

&T,+.)1,-/+*1,)*.-!B1,3*&-)!:1.6!(.;!*-!)%&!-.1)%!).!%*B%!*-!)%&!/.=)%!01&,)&/!

0.-3*)*.-/!:.1!,!-&B,)*T&!;,)&1!4,(,-0&!*-!)%&!/.=)%&1-!'()*+(,-.!>+1&0*+*),)*.-!`Ma!S!

&T,+.)1,-/+*1,)*.-!`ba@8!;%*(&!6,*-),*-*-B!,!+./*)*T&!;,)&1!4,(,-0&!>Mcb8!%*B%&1!

&::&0)*T&!6.*/)=1&@!*-!)%&!-.1)%!>?.-)&/!3&!L0),8!#FFGH!d1.T&!&)!,(A8![NNP@A!



!

"#!

!

$%&'(%))!*%+&%,&)&-.!/'!-01!2)-&3)%'/!&4!3+&5%+&).!6/'-+/))17!,.!41%4/'%)!*%+&%-&/'!

&'!-01!4-+1'8-0!%'7!3/4&-&/'!/(!-01!9/)&*&%'!0&80:!%'!;331+!-+/3/4301+1!%'-&6.6)/'&6!

(1%-;+1!)/6%-17!/*1+!-01!61'-+%)!2'714!6+1%-17!,.!-01!41%4/'%)!01%-&'8!/(!-01!</;-0!

251+&6%'!6/'-&'1'-!=>144)1+:!?@ABC!261&-;'/!%'7!D/'-16&'/:!?@@EC!F1'-1+4!%'7!G//H:!

?@@I!%'7!?@@@JK!!L1-!31+&/74!%+1!%44/6&%-17!M&-0!%!4/;-0M%+7!40&(-!%'7!&'-1'4&(&6%-&/'!/(!

-01!0&80:!%'7!7+.!31+&/74!%+1!%44/6&%-17!M&-0!'/+-0M%+7!5&8+%-&/'!%'7!M1%H1'&'8!/(!

-01!0&80!=261&-;'/!%'7!D/'-16&'/:!?@@EJK!!N;+&'8!-01!4;551+:!)/MO)1*1)!'/+-01%4-!-+%71!

M&'74!6%++.!5/&4-;+1!%6+/44!-01!25%P/'!,%4&'!-/!-01!2'714:!&'!%!+16.6)&'8!3+/6144!/(!

3+16&3&-%-&/'!%'7!1*%3/+%-&/'K!!Q'!716%7%)!-&5146%)14:!6/++1)%-&/'4!,1-M11'!25%P/'!

3+16&3&-%-&/'!%'7!41%O4;+(%61!-1531+%-;+1!=<<RJ!4;8814-!-0%-!3+16&3&-%-&/'!/*1+!-01!

25%P/':!%'7!;)-&5%-1).!-01!2)-&3)%'/:!5%.!,1!+1)% -17!-/!-01!<<R!8+%7&1'-!,1-M11'!-01!

'/+-01+'!%'7!4/;-01+'!1S;%-/+&%)!2-)%'-&6!=T/,+1!%'7!<0;H)%:!?@@"JK!!Q'!1*1'!)/'81+!

-&51!46%)14!=61'-1''&%)O-/ O5&))1''&%)J:!60%'814!&'!2)-&3)%'/!3+16&3&-%-&/':!*&%!60%'814!&'!

-01!8+%7&1'-!,1-M11'!'/+-01+'!%'7!4/;-01+'!1S ;%-/+&%)!2-)%'-&6!<<R:!5%.!,1!&'();1'617!

,.!8)/,%)!46%)1!60%'814!&'!6)&5%-1:!4;60!%4!U1&'+&60!1*1'-4!%'7!N%'48%%+7OQ146081+!

6.6)14!=9%H1+!1-!%)K:!#VV?%:!#VVW:!#VV@J:!M0&60!6+1%-1!%'/5%)/;4!-1531+%-;+1!8+%7&1'-4!&'!

-01!'/+-0!2-)%'-&6!=G%+-/'!1-!%)K:!?@@WC!T/,+1!%'7!<0;H)%:!?@@"C!9)%6H!1-!%)K:!?@@@C!U%;8!1-!

%)K:!#VV?C!9+/66/)&!1-!%)K:!#VV"JK!!!

!!



!

"#!

!

!"!"!#$%&'()*+,(&(-*#(.#/)'#0&/12&%3( #

$%&'&!()!*+!&,-&+)(.&!/*012'34+5!36!'&)&*'0%!36!/*)(+!2&373'8%3932:!*+5!

*+*9:)()!36!9*04)-'(+&!)&5(7&+-!03'&)!6'37!'&2(3+)!-%'342%34-!-%&!;9-(89*+3!(+5(0*-(+2!

-%&!'()&!*+5!6*99!36!<*1&!$(-(0*0*!(+!-%&!+3'-%=!*+5!*5.*+0&!*+5!'&-'&*-!36!749-(89&!9*'2&!

9*1&)!(+!-%&!0&+-'*9!*+5!)34-%&'+!'&2(3+)!54'(+2!-%&!9*-&!>4*-&'+*':?!!@+!-%&!+3'-%!*-!

9&*)-!-%'&&!8&'(35)!36!)(2+(6(0*+-!9*1&!&,8*+)(3+!%*.&!/&&+!(+6&''&5!6'37!3/)&'.*-(3+)!36!

%(2%!)%3'&9(+&!5&83)(-)!*/3.&!-%&!735&'+!)4'6*0&!36!<*1&!$(-(0*0*!A!5&)(2+*-&5!*)!

8*9&39*1&)!B*-*'3!C#=DEF!7*)9G=!H*/*+*!C#=DFF!7*)9G=!*+5!I*99(.(*+!C#=J"F!7*)9GC;2*))(K=!

LJMEN!I3O7*+=!LDLP!*+5!LDL"N!Q2(9.(&=!LDRRN!B33+=!LD#DN!S&O&99=!LDPDN!;%96&95!*+5!

I'*)+(*=!LD"FN!T&'.*+-!*+5!U3+-&)=!LDMJG?!!$%&!*2&)!36!-%&)&!8*9&39*1&)!*'&!+3-!6('79:!

&)-*/9()%&5=!-%342%!-%&:!*'&!03+)(5&'&5!-3!/&!36!&*'9:!-3!7(5AV9&()-30&+&!*2&=!/*)&5!3+!

63))(9!*+*9:)()!36!&*0%!4+(-!CV378&01(!LDFEN!W366)-&--&'!&-!*9?=!LDMLG!*+5!XA;'!5*-(+2!36!

.390*+(0!*)%!/&+&*-%!-%&!395&)-!36!-%&)&!5&83)(-)!C<*.&+4!LDJP=!LDJ"G?!!$%&!-(7(+2!36!-%&!

63'7*-(3+!36!-%&)&!8*9&39*1&)!%*)!/&&+!)422&)-&5!-3!/&!03(+0(5&+-!O(-%!29*0(*9!)-*2&)!36!

-%&!7(5AV9&()-30&+&!CT&'.*+-!*+5!U3+-&)=!LDMJG?!!

$%&'&!()!+3!&.(5&+0&!(+!-%&!)34-%&'+!/*)(+!63'!8*9&39*1&)!03(+0(5&+-!O(-%!-%&!

&*'9:!8*9&39*1&)!(+!-%&!+3'-%&'+!/*)(+?!!V3))(/9&!'&*)3+)!63'!-%()!*'&Y!-%&!)&5(7&+-!4+(-)!

*--'(/4-&5!-3!9*1&)!B*-*'3=!H*/*+*=!*+5!I*99(.(*+!*'&!+3-!-'49:!9* 04)-'(+&!*+5!-%&'&63'&!

53!+3-!'&8'&)&+-!*+!(+-&'.*9!36!9*1&!&,8*+)(3+N!-%&!+3'-%&'+!*+5!)34-%&'+!)4/A/*)(+)!



!

"#!

!

$%&%!'()!*+,&(-(./01--+!0(''%0)%,!,2&/'.!)*%3%!/')%&41-35!(&!%4/,%'0%!6(&!)*%3%!-17%!

8*13%3!/'!)*%!3(2)*%&'!913/'!*13!9%%'!-(3)!)*&(2.*!%&(3/(':!!!

; (&%!&%0%')!/'4%3)/.1)/('3!(6!'(&)*%&'!<-)/8-1'(!-17%!-%4%-!0*1'.%!,2&/'.!)*%!

-1)%!=21)%&'1&+!*14%!/'4(-4%,!)*%!23%!(6!-1023)&/'%!3%,/>%')!0(&%3!6&(>!)*%!?17%!

@/)/0101!913/'3!(6!?1.(!A&1',%!1',!?1.(!B2/'1/>1&01C!13!$%--!13!(2)0&(83!1',!3%,/>%')!

0(&%3!6&(>!)*%!D/(!E%31.21,%&(!F1--%+:!!;2-)/8-%!3%,/>%')!0(&%3!0(--%0)%,!6&(>!9()*!

?1.(!A&1',%!1',!?1.(!B2/'1/>1&01C! 381''/'.!)*%!-13)!GCHHH!I#J!+&!KLC!/',/01)%!)*1)!

,2&/'.!)*%!%1&-+!B(-(0%'%!?1.(!B2/'1/>1&01!$13!&%-1)/4%-+!-($!MNIO!>%)%&3!9%-($!

>(,%& '!-17%!32&610%PMQ/&&>1''!1',!R-4%/&1!<->%/,1C!ISGG5!Q/&&>1''!%)!1-:C!ISGG!1',!

ISGT5!Q/&&>1''!%)!1-:C!ISST:!U9%&)C!ISST5!;(2&.2/1&)!%)!1-:C!ISSO5!Q/&&>1''!1',!

;(2&.2/1&)C!ISSOP:!!V293%W2%')!0(&/'.!/'!?1.(!B2/'1/>1&01!M<99())!%)!1-:C!ISSXPC!$*/0*!

8&(,20%,!1' !%Y)&%>%-+!$%--!,1)%,!&%0(&,!%Y)%',/'.!)(!NZCGHH!01-!+&!KLC!1-3(!0('0-2,%,!

)*1)!?1.(!B2/'1/>1&01!$13!-($%&!,2&/'.!)*%! B(-(0%'%!1',!9%01>%!,%%8%&!9+!NIO[TH!>!

1)!NZCOHH!01-!+&!KL:!!

Q/&&>1''!%)!1-:!MISGGP!1',!;(2&.2/1&)!%)!1-:!MISSOP!8&%3%')%,!%4/,%'0%!6&(>!1!

0(&%!)17%'!'%1&!3*(&%!M\!OH!>!$1)%&!,%8)*P!/'!?1.(!A&1',%!32..%3)/'.!)*1)!,2&/'.!)*%!

>/, [B(-(0%'%!MNXCXHH[ZCSHH!I#J!+&!KLP!?17%!@/)/0101!%Y8%&/%'0%,!1!-17%!-%4%-!,&(8!(6!OH[

OO!>%)%&3:!J&(33!%)!1-:!MTHHHP!-1)%&!,%)%&>/'%,C!913%,!('!1!'%$%&!32/)%!(6!8/3)('!0(&%3!

6&(>!,%%8[$1)%&!3/)%3!MO#[TGH!>!$1)%&!,%8)*P!1',!*/.* [&%3(-2)/('!3%/3>/0!32&4%+3!



!

"#!

!

$%&'()&*!&(!+',-!.//01-!(2+(!34*567!(2&!8539:;';<&6&!$=!"->>> 9?-0>>!.@A!B*!CD1!E+F&!G5(5<+<+!

'5F&'B!3*;HH&3!0#9.>>!8&(&*I!J&';K!(2&!8;3&*6!I4*L+<&!&'&M+(5;6,!!E+(&*!+6+'BI5I!;L!

25729*&I;'4(5;6!I&5I85<!I4*M&BI!53&6(5LB567!&*;I5;6+'!I4*L+<&I!+(!56(&*M+'I!&N45M+'&6(!(;!

8539:;';<&6&!'+F&!'&M&'!';K&*567!$OPQ7;I(56;!&(!+',-!R>>R1!I4HH;*(&3!(25I!<;6<'4I5;6,!!

G2&!<2+67&I!56!E+F&!G5(5<+<+!K&*&!+((*5J4(&3!(;!;*J5(+''B!L;*<&3!;I<5''+(5;6I!56!56I;'+(5;6-!

K5(2!3&&H!'+F&I!L;*8567!34*567!56I;'+(5;6!8+S58+!$A*;II!&(!+',-!R>>>1,!

T;K&!&(!+',!$R>>R1!4(5'5)&3!+6+'BI5I!;L!(2&!<;8H;I5(5;6!;L!;*7+65<!<+*J;6-!AUV-!K(!

WA;*7 -!WA+AX?-!+63!W!J5;7&65<!I5'5<+!L*;8!3&&H9K+(&*!<;*&I!$=!#>!8&(&*I!K+(&*!3&H(21!

L*;8!E+7;!Y*+63&!(;!*&<;6I(*4<(!<2+67&I!56!E+F&!G5(5<+<+!I4*L+<&!K+(&*!&'&M+(5;6!

34*567!(2&!'+I(!R>->>>!B&+*I,!T&I4'(I!5635<+(&3!(2+(!J&(K&&6!ZR>->>>9.?-#>>!B*!CD!(2&!'+F&!

K+I!+J;M&!5(I!;4(L';K!$Z?-0.>!8+I'1!+63!34*567!(2&!D'&5I(;<&6&9: ;';<&6&!(*+6I5(5;6!

$.?-#>>9[-#>>!B*!CD1!'+F&!'&M&'!*&7*&II&3!(;!+I!';K!+I!?-[[#!8+I',!!Q(!Z![-R#>!B*!CD!+!

(*+6I7*&II5;6!;<<4**&3!*+5I567!'+F&!'&M&'!(;!Z?-[/0-!L;'';K&3!JB!+6!Z0#!8!3&<*&+I&!56!'+F&!

'&M&'!+(!Z"-R#>!B*!CD,!!O&&H&*!+63!L*&I2&*!<;635(5;6I!J&(K&&6!#->>>9@->>>!B*!CD-!+63!

*&'+(5M&'B!2572!'+F&!'&M&'-!I585'+*!(;!8;3&*6!<;635(5;6I-!+*&!I&&6!34*567!(2&!'+(&!

:;';<&6&,!!%585'+*!(;!A*;II!&(!+',!$R>>>1-!T;K&!&(!+',!<;6<'43&3!(2+(!<2+67&!(;!'+F&!'&M&'!

K+I!<+4I&3!JB!<2+67&I!56!56I;'+(5;6!<;8J56&3!K5(2!';679(&*8!<2+67&I!56!\'!V56;!

I;4(2&*6!;I<5''+(5;6!M+*5+J5'5(B,!!!



!

"" !

!

#$%&'(%!)*)+,-.-!/0!1((2 34)&(%!-(1.5(*&!6/%(-!0%/5!7)8/!9%)*1(:!(;&(*1.*8!&'(!

+)6$-&%.*(!%(6/%1!&/!<=>:???!6)+!,%!@A:!1(&(%5.*(1!&')&!7)B(!C.&.6)6)!4)-!1((2!)*1!

/D(%0+/4.*8!&'%/$8'/$&!&'(!79E:!-2)* *.*8!&'(!2(%./1!F!=>:???!G!HI:???!6)+!,%!@A!J@)B(%!

(&!)+K:!=??H)LK!!M*6%()-(1!2%(6.2.&)&./*!.*!&'(!N*1(-!1$%.*8!&'(!79E!.-!)&&%.O$&(1!&/!)*!

.*&(* -.0.(1!P/$&'!N5(%.6)*!-$55(%!5/*-//*!JPNPEL!1%.D(*!O,!)!6/5O.*)&./*!/0!4(&!

-()-/*!.*-/+)&./*!5);.5):!.*6%()-(1!PPC!8%)1.(*&!.*!&'(!(Q$)&/%.)+!N&+)*&.6!(*')*6.*8!

*/%&'()-&(%*!&%)1(!4.*1-:!)*1!+/4(%!(Q$)&/%.)+!N&+)*&.6!PPC!6%()&.*8!.*6%()-(1!-()3+)*1!

&(52(%)&$%(!8%)1.(*&!)*1!(*')*6.*8!4)&(%!D)2/%!)1D(6&./*!J@)B(%!(&!)+K:!=??H)LK!

N*)+,-.-!/0!R./!S(-)8$)1(%/!5/%2'/+/8,!J@)$6/5!)*1!R.8-O,:!HTTTL!)*1!%.D(%!

D)++(,!-(1.5(*&!6/%(-!JR.8-O,!(&!)+K:!=??>L!-'/4(1!&')&!1$%.*8!2(%./1-!/0!.*6%()-(1!

2%(6.2.&)&./*!)*1!+/6)+!%$*/00!&'(!*/%&'(%*!2)%&!/0!&'(!%.D(%!O)-.*!5(%8(1!4.&'!&'(!

-/$&'(%*5/-&!2)%&!/0!7)B(!C.&.6)6)K!!N*)+,-.-!/0!-(1.5(*&!6/%(-!6/++(6&(1!)+/*8!&'(!IT?!

B5!+/*8!R./!S(-)8$)1(%/!D)++(,!.*1.6)&(!&'(!2%(-(*6(!/0!5)U/%!2)+(/+)B(-!1$%.*8!&'(!

79E!J=":??? 3=H:???!6)+!,%!@AL:!&'(!+)&(!8+)6.)+!JHV:???3H=:???!6)+!,%!@AL:!&'(!()%+,!

W/+/6(*(!JH?:???3X:T???!6)+!,%!@AL:!)*1!.*!&'(!+)&(!W/+/6(*(!JV:>???!6)+!,%!@A!&/!

2%(-(*&LJ@)$6/5!)*1!R.8-O,:!HTTTY!R.8-O,!(&!)+K:!=??>L:!-$22/%&.*8!0.*1.*8-!/0!()%+.(%!

7)B(!C.&.6)6)!-(1.5(*&!6/% (!-&$1.(-!&')&!4(&!2(%./1-!/*!&'(!*/%&'(%*!N+&.2+)*/!6/.*6.1(!

4.&'!2(%./1-!/0!6/+1!*/%&'!N&+)*&.6!PPCK!!!!



!

"#!

!

$%&'(!)'!*+,!-./0/1!2%)3)4')5!*4*+63&3!78!97%)!3)5&:)4'3!87%!';)!2)%&75!<"/=///>

./=///!6%!?@!8%7:!A*B7!C%*45)!3;7D&4B!)E&5)49)!87%!:&++)44&*+!39*+)!+*F)!+)E)+!

E*%&*G&+&'6!';*'!97%%)+*')3!D)++!D&';!:&++)44&*+!9+&:*')!E*%&*G&+&'6!&45&9*')5!&4!';)!

?7'HE)%*!I*E)!&37'72&9!%)97%5!78!37H';)%4!3HG'%72&9*+!?%*(&+!-I%H(!)'!*+,=!.//JK!L*4B!)'!

*+,=!.//M=!.//"=!.//#*1=!';)!@*%*&37!I*E)!&37'72&9!%)97%5!78!';)!)*3')%4 !N:*(74!-L*4B!)'!

*+,=!.//#G1=!*45!';)!32)+)7';):!*45!:*%&4)!3)5&:)4'*%6!%)97%53!78!';)!?%*(&+&*4!

O7%5)3')!%)B&74!-N%(!)'!*+,=!0PPQK!L*4B!)'!*+,=!.//M1=!3HBB)3'&4B!';*'!!+*%B)>*:2+&'H5)!

9+&:*')!E*%&*G&+&'6!)R')45)5!';%7HB;7H'!';)!37H';)%4!'%72&93!78!S7H';!N:)%&9*!5H%&4B!

';&3!&4')%E*+,!I;*4B)3!G)'D))4!D)'!*45!5%6!9745&'&743!';%7HB;7H'!';)!37H';)%4!'%72&93!

78!S7H';!N:)%&9*!*%)!*22*%)4'+6!&4!*B%)):)4'!D&';!:&++)44&*+!39*+)!9;*4B)3!&4!97+5!'7!

D*%:!-%)32)9'&E)+61!SST!&4!';)!47%';!N'+*4'&9=!*3!&45&9*')5!G6!OCUV@!B+*9&*+!&37'72)!

%)97%53!-$%&'(!)'!*+,=!./0/1,!

N!0W">:)')%!+74B!3)5&:)4'!97%)!%)97E)%)5!8%7:!A*B7!C%*45)!%)2%)3)4'3!W#/=///!

6)*%3!78!3)5&:)4'!5)273&'&74!*45!%)E)*+3!9;*4B)3!&4!;65%7+7B6!78!';)!+*')!XH*')%4*%6!

-$%&'(!)'!*+,=!.//#1,!!A*F)!+)E)+!*45!3*+&4&'6!D)%)!&48)%%)5!8%7:!%)97%53!78!I*IYW=!Z0WI!78!

7%B*4&9!3)5&:)4'=!*45!5&*'7:!3'%*'&B%*2;6,!!T;)3)!*4*+63)3!3;7D)5!';*'!2)%&753!78!

%)B&74*+!B+*9&*+!*5E*49)!*45!%)'%)*'!97&49&5)5!D&';!B+7G*+!B+*9&*+!*45!&4')%B+*9&*+!3'*B)3!

%)32)9'&E)+6,!!N+37=!5))2)%!*45!8%)3;)%!2)%&753!*'!A*F)!T&'&9*9*!97%%)32745!D&';!%)B&74*+!



!

"#!

!

$%&'(&%!(')!&*+&,')-!./(%)!0)1(2*3!24!,)$&5(+)!.&5)1!6&%&,')!.)1)!'2,5)7021&,)283!

.(5/!0)1(2*3!24!%2'&%%9!1)*8')*!$%&'(&5(2,!:;1(5<!)5!&%=-!>??@A=!!

B,!5/)!3285/)1,!C%5(0%&,2-!2%*!%&'8351(,)!*)023(53!&,*!&%$&%!6(2/)173!%2'&5)*!(,!

5/)!D&$2!E220F!6&3(,!:'),51&%!C%5(0%&,2A!&,*!5/)!6&3(,3!24!5/)!G&%&1!*)!H98,(!&,*!5/)!

G&%&1!*)!I2(0&3&!:3285/)1,!C%5(0%&,2A:J835)13-!K#@@L!J(,'/(,L!K##>L!M12%%-!KN>@L!J22,-!

KNONL!C/%4)%*!&,*!P1&3,(&-!KN"?L!G)1+&,5!&,*!;2,5)3!KN@"L!G)1+&,5-!KN@@L!G)1+&,5!&,*!

;2,5)3-! KN@#A-!(,*('&5)!5.2!7&Q21!0/&3)3!24!%&R)!&*+&,')-!928,$)1!5/&,!5/)!P&%%(+(&,!

35&$)!(,!5/)!,215/-!*)3($,&5)*!0&%)2%&R)3!J(,'/(,!&,*!M&8'&=!!M/)!&$)3!24!5/)3)!

0&%)2%&R)3!/&+)!6)),!5/)!3281')!24!&!$1)&5!*)&%!24!'2,512+)139=!!

G)1+&,5!&,*!;2,5)3!:KN@#A!)35(7&5)*!5/)!&$)!24!J(,'/(,!&5!O?-??? SO>-???!'&%!91!PE!

6&3)*!2,!1&*(2'&162,!*&5)3!24!3/)%%3!428,*!(,!285'1200(,$!3)*(7),53=!T2,*)&8!:KNN?A!

83)*!HUM/!*&5(,$!24!&%$&%!6(2/)173!5/&5!61&'R)5)*!5/)!J(,'/(,!(,5)1+&%!6)5.)),!O?-???S

@O-???!'&%!91!PE=!!C,&%93(3!24!&!K>K!7!3)*(7),5!'21)!4127!5/)!G&%&1!*)!H98,(!:T(3&'/)1!

&,*!;1(5<-!>???L!;21,&1(!)5!&%=-!>??KA!38$$)35)*!&!0&%)2%&R)!J(,'/(,!(,5)1+&%!24!V!OK-???!

'&%!91!PE!.(5/!2%*)35!&$)!)35(7&5)3!:6&3)*!2,!HUM/!(32'/12,!7)5/2*A!24!W"#-???S@O-???!

91!PE=!!T&*(2'&162,!*&5(,$!24!3863814&')!3)*(7),53!4127!&,25/)1!*))0!'21)!:>>?!7A!

4127!5/)!G&%&1!*)!H98,(!0%&')*!J(,'/(,!6)5.)),!O"-??? SX"-???!'&%!91!PE!:P&R)1!)5!&%=-!

>??KL!;1(5<!)5!&%=-!>??XA=!!Y)5!E%&'<)R!)5!&%=!:>??"A!*)3'1(6)*!5/)!)Z02381)3!590('&%%9!

&551(685)*!52!0&%)2%&R)!J(,'/(,!&3!5/1))!'270%)5)%9!3)0&1&5)!%&R)!0/&3)3-!1)Q)'5(,$!



!

"#!

!

$%&'()*+!%,-().,%/)0!-,1&+!,+!1))!2)*034!56&2!*+&-!,!7856!.6%)0)9)32!):!1*:,!+6)%&9(0&!

-&$)+(1+;!%&<-&+(30,1(03!16&!16%&&!$6,+&+!=*>(!?#";@@@<ABC;@@@!.,9!2%!DEF;!G,9(0,+!?H@;@@@<

#@;@@@!.,9!2%!DEF;!,0-!I0.,!J*,+(!?KC;@@@<KL;@@@!.,9!2%!DEF4!!56&!,3&+!):!16&!G,9(0,+!,0-!

I0.,!J*,+(!$,9&)9,>&!$6,+&+!.)%%&9,1&!M&99!M(16!N*-!(01&%',9+!):!16&!+,N&!,3&!(0!,!.)%&!

:%)N!16&!G,9,%!-&!72*0(!?D,>&%!&1!,94;!B@@A/O!P%(1Q!&1!,94;!B@@KF4!!J)M&'&%;!16&%&!(+!0)!

.)%%&+$)0-(03!N*-!*0(1!(0!16&!.)%&!:)%!16&!=*>(!$6,+&!1*:,!-&$)+(1+4!!!

=*>(!$6,+&!+,N$9&+!M&%&!.)99&.1&-!&R.9*+('&92!:%)N!16&!S,3)!E))$T!/,+(04!!

56&%&!6,'&!/&&0!0)!=*>(!,3&-!)*1.%)$+!9).,1&-!16*+!:,%!(0!&(16&%!16&!G,9,%!-&!U)($,+,!)%!

16&!G,9,%!-&!72*0(!/,+(0+;!+*33&+1(03!16,1!16&!.&01%,9!,0-!+)*16&%0!V91($9,0)!M&%&!0)1!

62-%)9)3(.,992!.)00&.1&-!-*%(03!16&!9,>&!(01&%',9!16,1!.%&,1&-!16&+&!-&$)+(1+!!

W,%92!%,-().,%/)0!N&,+*%&N&01+!):!+6&99+!:)*0-!(0!)*1.%)$$(03!+&-(N&01+!(0!16&!

S,3)!E))$T!/,+(0!$9 ,.&-!16&!,3&!):!$,9&)9,>&!5,*.,!,1!AK;A@@<AA;K@@!.,9!2%!DE!?G&%',01!

,0-!P)01&+;!A#LHF4!!X)%&!%&.&01!-,1(03!):!,93,9!/()6&%N+!$9,.&!16&!1(N(03!):!16&!6(36&+1!

$6,+&!):!$,9&)9,>&!5,*.,!,1!YA";@@@!.,9!2%!DE!?D(99+!&1!,94;!A##KO!G&%',01!&1!,94;!A##CO!

Z)*.62!&1! ,94;!A##"O!G29'&+1%&!&1!,94;!A###O![%)'&!&1!,94;!B@@\O!E9,.Q&>!&1!,94;!B@@"F;!M6(9&!

9,.*+1%(0&!+&-(N&01!.)%&+!:%)N!16&!G,9,%!-&!72*0(!?Z(+,.6&%!,0-!P%(1Q;!B@@@O!D,>&%!&1!,94;!

B@@A/O!P)%0,%(!&1!,94;!B@@AO!P%(1Q!&1!,94;!B@@KF!,0-!G,9,%!-&!U)($,+,!?G29'&+1%&!&1!,94;!A##HO!

]*00&%2;!B@ABF!+*33&+1!16,1!16&!5,*.,!$6,+&!+$,00&-!16&!(01&%',9!BC;@@@<A";@@@!.,9!2%!

DE;!.)0+(+1&01!M(16!16&!0)%16&%0!6&N(+$6&%&!S[X4!



!

"#!

!

$!%&'()!(*+,%'-*+.!/&,++01!234566#!7,/+8!,9)!/&0(%:+'-*)!;,+*0+,<*5!)*/'=9,%*)!

;,+*0+,<*!>0';,/,5!&,/!?**9! ')*9%'@'*)!'9!+,%*!A+*'/%0B*9*!;,+*0/&0(*+'9*!)*;0/'%/!

,(0C9)!%&*!D,+,(!)*!E.C9'!2F09)*,C5!GHH#I!D*(-,9%!*%!,+J5!GHHKI!F0CB&.!*%!,+J5!GHH6I!

D.+-*/%(*!*%!,+J5!GHHHI!L0(9,('!*%!,+J5!M##GI!A+,BN*<!*%!,+J5!M##68J!!O&*!,=*!0@!%&'/!+,<*!&,/!

?**9!(*;0(%*)!,/!G45P##:GG5K##!B,+!.(!QA!2D*(-,9%!*%!,+J5!GHHK8!,9)!GM5R##:GG5P##!B,+!.(!QA!

2A+,BN*<!*%!,+J5!M##68J!!O&*(*!'/!90!(*;(*/*9%,%'09!0@!;,+*0+,<*!>0';,/,!'9!,!/*)'7*9%!B0(*!

@(07!%&*!D,+,(!)*!E.C9'5!)C*!%0!+01:(*/0+C%'09!(*B0-*(.!0@!%&'/!'9%*(-,+!)C('9=!

B0++*B%'09J!!S01*-*(5!%&*!9,%C(,+!=,77,!(,)',%'09!+0=!0@!%&*!?0(*&0+*!'9)'B,%*/!,!;*('0)!

0@!'9B(*,/*)!;(*B';'%,%'09!0@!+,BC/%('9*!7C)/!B*9%*(*)!,%!3GM5K##!B,+!.(!QA!2Q,<*(!*%!,+J5!

M##G?85!B09/'/%*9%!1'%&!D*(-,9%!*%!,+J!2GHRK8!,9)!A+,BN*<!*%!,+J!2M##68J!!O&*!%'7'9=!0@!

; ,+*0+,<*!>0';,/,!'/!B09%*7;0(,9*0C/!1'%&!%&*!T0C9=*(!U(.,/!B00+'9=!*-*9%!'9!%&*!

90(%&!$%+,9%'B5!@C(%&*(!/C;;0(%'9=!%&*!&.;0%&*/'/!%&,%!/0C%&*(9!%(0;'B,+!$9)*,9!

;(*B';'%,%'09!'/!B099*B%*)!%0!%*7;*(,%C(*!-,(',?'+'%.!'9!90(%&*(9!&*7'/;&*(*!2Q,<*(!*%!

,+J5!M##G?8J!!

$!MM#!7!/*)'7*9%!B0(*!,9)!,!3GH#!7!9,%C(,+!=,77,!(,)',%'09!?0(*&0+*!+0=!@(07!

%&*!D,+,(!)*!E.C9'!2Q,<*(!*%!,+J5!M##G?I!L('%N!*%!,+J5!M##P8!;(0-')*/!+,%*!VC,%*(9,(.!

(*B0()/!0@!&.)(0+0='B!-,(',%'09!'9!%&*!%*(7'9,+!?,/'9!0@!%&*!$+%';+,90J!!O&*!/*)'7*9%!B0(*!

'9)'B,%*/!,9!,+%*(9,%'09!?*%1**9!1*%!,9)!)(.!;&,/*/5!(*;(*/*9%*)!'9!%&*!(*B0()!?.!%&*!

(*/;*B%'-*!,+%*(9,%'09!0@!7C)!,9)!/,+%!C9'%/J!Q*B,C/*!7C)!C9'%/!&,-*!7CB&!&'=&*(!



!

"#!

!

$%&'()!*+!,%-'.%&!/%00%!.%12%-2*,!-3%,!)%&-!1(4*)2-)5!6*.(3*&(!0(%)'.(0(,-)!*+!,%-'.%&!

/%00%!.%12%-2*,!4.*$21(!%!4*7(.+'&!8'%&2-%-2$(!2,129%-2*,!*+!3:1.*&*/29!$%.2%62&2-:!

-3.*'/3!-20(;! !

<3(!)-.%-2/.%43:!*+!-3(!=%&%.!1(!>:',2!9*,)2)-)!*+!)(120(,-)!1(.2$(1!+.*0!-3.((!

4.20%.:!(,$2.*,0(,-)?!4(.(,,2%&!&%@()!-3%-!7(.(!+.()3!-*!)%&2,(5!4(.(,,2%&!3 :4(.)%&2,(!

&%@()5!%,1!)%&2,(!4%,)!%,1!0'1+&%-)!AB.2-C!(-!%&;5!DEEFGH;!!I(.(,,2%&!&%@(!0'1)!+.*0!+.()3!

-*!)%&2,(!2,-(.$%&)!%.(!&%02,%-(15!-32,!6(11(15!*.!0%))2$(5!72-3!9%&92-(J.293!9%.6*,%-(!

0'15!)'&+21()5!*./%,29!0%--(.5!$*&9%,29!/.%2,)!A62*-2-(!%,1!%04326*&(H5!/:4)'05!12%-*0)!

%,1!*)-.%9*1()!AB*.,%.2!(-!%&;5!DEE#G!B.2-C!(-!%&;5!DEEFH;!I(.(,,2%&!3:4(.)%&2,(!&%@(!',2-)!

%.(!4.2,924%&&:!9*04*)(1!*+!732-(J6(11(1!3%&2-(5!72-3!%))*92%-(1!6.*7,!-*!6&%9@!

&%02,%(!%,1!-32,!6(1)!*+!/:4)'0!9.:)-%&)!%,1!9%.6*,%-(!0'1!%,1 !4(&&(-);!!K'1+&%-!%,1!

)%&-4%,!1(4*)2-)!%.(!93%.%9-(.2C(1!6:!0%))2$(!0'1L3%&2-(L/:4)'0!',2-)5!73293!2,9&'1(!

($%4*.2-(!02,(.%&!12))*&'-2*,!%,1!12%/(,(-29!/.*7-3!*+!/:4)'0!%,1!3%&2-(!2,!-3(!

)'6)'.+%9(!AM*7(,)-(2,!%,1!N%.12(5!#OPQG!M*7(,)-(2,!',4'6&2)3(1H;!! !

R(9(,-&:!%!#SJ0(-(.!&%9')-.2,(!)(120(,-!9*.(!7%)!.(9*$(.(1!+.*0!6(,(%-3!-3(!)%&-!

9%4!%-!-3(!=%&%.!1(!T*24%)%5!4.*$212,/!%!.(9*.1!*+!,(%.&:!9*,-2,'*')!)(120(,-%-2*,!+*.!

-3(!&%)-!FQ5EEE!:(%.)!AU',,(.:5!DE#DH;!!N:1.*&*/29!6%&%,9(!%,1!&%@(!&($(&!2)!2,+(..(1!+.*0!

V#ST!2)*-*429!0(%)'.(0(,-)!*+!)(120(,-%.:!*./%,29!9%.6*,!%,1!12%-*0!)-.%-2/.%43:;!!

V#ST!2,!-3(!T*24%)%!9*.(!2)!&%./(&:!1(.2$(1!+.*0!&%9')-.2,(!%&/%(!A,*-!-(..()-.2%&!)*'.9()H!



!

"#!

!

$%&!'(!$!)*+,-!.+*!/0$%12(!'%!3$42!5+3672!89$3:+;<!=>>?@!A6%%2*-<!#?=#BC!D2(63;(!.*+7!

;02(2!$%$3-(2(!$*2!'%!12%2*$3!$1*2272%;!E';0!+;02*!3+/$3!*2/+*&(!$%&!)*25'+6(!(;6&'2(!

82C1C!F$42*!2;!$3C<!#??=$<:@!G*';H!2;!$3C<!#??I@!G*';H!2;!$3C<!#??"B!$%&!(6112(;!;0$;!'%;2*5$3(!+.!

'%/*2$(2&!2..2/;'52!7+'(;6*2!+%!;02!J3;')3$%+!/+'%/'&2&!E';0!/+ 3&!)2*'+&(!'%!;02!

%+*;02*%!027'()02*2!J;3$%;'/C!!!

K*2(2%;2&!02*2!$*2!*2(63;(!.*+7!7+&23'%1!+.!J3;')3$%+!0-&*+3+1-!;0$;!12%2*$;2!$!

*2/+%(;*6/;'+%!+.!J3;')3$%+!/3'7$;2!0'(;+*-!.+*!;02!3$(;!LM?<???!-2$*(<!2%/+7)$(('%1!;02!

N'%/0'%!8LIOPQO!4$B<!9$6/$!8L=O!4$B<!$%&!R+')$($!8L=#CM!4$B!3$42!)0$(2(C!902!;2**2(;*'$3!

0-&*+3+1-!7+&23!6;'3'H2&!'%!;0'(!(;6&-!$33+E(!.+*!('763$;'+%!+.!J3;')3$%+!0-&*+3+1-!

*23-'%1!+%!/0$%12(!;+!)*2/')';$;'+%!$%&!;27)2*$;6*2<!;E+!5$*'$:32(!;0$;!/$%!*2$(+%$:3-!

:2!*23$;2&!;+!+:(2*5$:32!72$(6*27 2%;(!(6/0!$(!3$42!32523C!J&&';'+%$33-<!E2!2,)3+*2!0+E!

)+((':32!.6;6*2!'%/*2$(2(!'%!13+:$3!;27)2*$;6*2!7$-!$..2/;!;02!E$;2*!32523!+.!S$42!

9';'/$/$C!

!

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

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

90'(!(;6&-!6(2(!$!;2**2(;*'$3!0-&*+3+1-!7+&23!89TNFB!;+!&2;2*7'%2!0+E!(6*. $/2!

E$;2*!$//6763$;'+%!$%&!.3+E!+%!;02!J3;')3$%+!$*2!$..2/;2&!:-!/0$%12(!;+!7+&2*%!72$%!

/3'7$;2!5$362(!+.!)*2/')';$;'+%!$%&!;27)2*$;6*2C!!902!7+&23!'(!*6%!;0*+610!(252*$3!



!

"#!

!

$%&'()*+$!+,!%-('.&!*'!/)&%*/*0(0*+'!('1!%-('.&!*'!0&2/&)(03)&!0+!$*234(0&!0-&!+5$&)6&1!

%-('.&$!*'!4(7&!4&6&4$!1&)*6&1!,)+2!/(4&+%4*2(0&!)&%+)1$8!!9:;<!=,+)2&)4>!:?@ABC!

=D+&!EFFGC!*$!1&$*.'&1!0+!$*234(0&!0-&!,4+H!('1!$0+)(.&!+,!H(0&)!*'!0&))&$0)*(4!->1)+4+.*%!

$>$0&2$!+6&)!0*2&8!9-&!6&)$*+'!+,!9:;<!3$&1!*'!0-*$!$031>!*$!0-&!$(2&!($!0-(0!3$& 1!5>!

I*!&0!(48!=JKK"C!*'!H-*%-!0-&!)*6&)!1*)&%0*+'$!()&!'+0!/)&$%)*5&1!530!()&!%(4%34(0&1!

1>'(2*%(44>!(0!&(%-!0*2&!$0&/!5($&1!+'!0-&!H(0&)!-&(1!=4('1!&4&6(0*+'!/43$!0-&!H(0&)!

1&/0-C8!9-*$!6&)$*+'!+,!0-&!2+1&4!(44+H$!,+)!(!2+)&!1>'(2*%!$*234(0*+'!+,!*'L$0)&(2!

('1!%4+$&1L5($*'!4(7&!$>$0&2$!+,!0-&!B40*/4('+8!M+)!0-*$!$031>!9:;<!1&/&'1$!+'!,+3)!

*2/+)0('0!5+3'1()>!%+'1*0*+'$N!0+/+.)(/->O!/)&%*/*0(0*+'O!/+0&'0*(4!&6(/+)(0*+'!=PQ9CO!

('1!$3),(%&!)3'+,,8! !

B!1*.*0(4!&4&6(0*+'!2+1&4!=@Q;C!+,!0-&!B40*/4('+!=*'!0-&!)&.*+'!5&0H&&'!EJ8RSTL

JU8RST!('1!"J8RSVLWR8RSVC!H($!%+'$0)3%0&1!(0!RXY!RX!)&$+430*+'!=(//)+Y*2(0&4>!F!72!Y!F!

72C!3$*'.!-*.- L)&$+430*+'!T-3004&!A(1()!9+/+.)(/ - >!;*$$*+'!=TA9;C!1(0(!=M*.3)&!ERC8!!

9+/+.)(/->!5&4+H!0-&!2+1&)'!$3),(%&!+,!I(7&!9*0*%(%(!H($!%+'$0)3%0&1!3$*'.!1&/0-!

$+3'1*'.$!,)+2!'(30*%(4!Z+*'0!P&)36*(' L<+4*6*('!2(/$8!!9-&!1&/0-$!H&)&!1*.*0*[&1!3$*'.!

B)%;(/!$+,0H()&O!('1!.(/$!5&0H&&'!0-&!1&/0-!$+3'1*'.$!H&)&!,*44&1!3$*'.!(!$/4*'&!

*'0&)/+4(0*+'!2&0-+18!!M+)!I(.+!P++/\!0-&!0+/+.)(/->!5&'&(0-!0-&!2+1&)'!$ 3),(%&!+,!



!

"#!

!

!

!"#$%&'() *'+,&')-.)-'/"#"012'&2&310"45'64/&2'789:;'$<&/'04'64/&2',=/%424#='4>'
0,&'?20"@2154A''B"#,&<0'&2&310"45<'1%&'"5/"C10&/'D='E,"0&'15/'24E&<0'&2&310"45<'1%&'
"5/"C10&/'D='D21CFA''+B:G'$<&<'&2&310"45'/101'>%46'0,&'89:'04'/&0&%6"5&'<0%&16'
>24E'15/'E10&%'<04%1#&A''

Lake Titicaca 

Lago Poop— 

Rio Desaguadero 
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Lake Titicaca 
3,810 masl 

Lago Poop— 
3,686 masl 

Rio Desaguadero 

Salar de Coipasa 
3,656 masl 

Salar de Uyuni 
3,653 masl 

Lago Grande 

Lago Huinaimarca 

Rio Laka  
Jahuira 

Rio Grande 
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Lake Titicaca 
3,810 masl

87Sr/86Sr  0.70822

Lago Poopo 3,686 masl
87Sr/86Sr 0.72412

Rio Desaguadero 
87Sr/86Sr  0.7084-0.7104

Laka Jahuira 
hydrologic divide

~3,700 masl Salar de Coipasa 
3,656 masl

Salar de Uyuni 
3,656 masl

Rio Grande 
87Sr/86Sr  0.70971

Paleolake Tauca 3,760 masl

Paleolake Minchin 3,700-3,720 masl
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-+/-E$.-+/!%$))!)&(7.,+%(.,0<!#$%&'()!1(,(!7$'-3,$.(2!1-.>!%6'.-&'(!,6/)!+*!$/!-/.(,/$'!

). $/2$,2!F?G#!#DH 4IJKL<!!=>(!$M(,$8(!JK#,NJO#,!+*!.>(!).$/2$,2!%($)6,(2!$.!P6Q(!

26,-/8!.>-)!).620!1$)!R<K"RSOI!TN4R<RRRRRU!F#PL<!!#.,+/.-6%!-)+.+&-7!7+%&+)-.-+/!-)!

(9&,())(2!$)!$!,$.-+!F JK#,NJO#,L<!!#.,+/.-6%!7+/7(/.,$.-+/)!*+,!)$%&'()!*,+%!.>(!#$'$,!2(!
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=>(!7+,(!*,+%!.>(!#$'$,!2(!V06/-!7$/!3(!2-M-2(2!-/.+!.1+!%$Y+,!&>$)()Z!.>(!

[8,($.!'$Q()\!&>$)(!F 6&&(,!UU!%]!^OR]RRR!0,!GX!4!&,()(/.L]!7>$,$7.(,-E(2!30!.>-7Q!%62!
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$%&'(!)*+!,-+.!&/+&'01-!23/4 52&6-+!7-8-//&02!20(-.!39!608&0,2-:!,*1!8-201&6-2;!

23<:!.02&/&1;!0/+!608&0,2-!<01-8!+-71%=!!>&1%!0/!0''*)*201&3/!801-!39!?@=A5"!))B;8!0!

)*+!*/&1!39!"!)!8-78-.-/1.!":@@@5C:@@@!;-08.!39!+-73.&1&3/=!!$%&'(!'08,3/01-!8&'%!

20'*.18&/-!)*+!*/&1.!08-!0,*/+0/1!+*8&/4!1%-!48-01!20(-.!.104-:!0!7-8&3+!1%01!&/'2*+-.!

1%-!D&/'%&/!EFG:@@@5#G:@@@!;8!HIJ:!$0*'0!ECG:@@@5"A:@@@!;8!HIJ:!0/+!K3&70.0!E?"C:A@@!;8!

HIJ!702-320(-!.104-.=!!L3)-!&/1-8602.!<&1%&/!1%-.-!*/&1.!'3/10&/!0,*/+0/1!720/(13/&'!

+&013).!0/+!+-72-1-+!3M;4-/!&.3137&'!602*-.!39!1%-!20'*.18&/-!'08,3/01-.!EN8&1O!-1!02=:!

C@@FJ:!,31%!.*44-.1&/4!)3+-801-!20(-!+-71%.=!!$%-!9-<!7-8-//&02!20(-!.-P*-/'-.!1%01!08-!

78-.-/1!983)!"F@:@@@5G@:@@@!;8!HI!08-!1%&/:!.*44-.1&/4!0!.%381!2&9-.70/:!<&1%!

'3)73. &1&3/.!39!,8&/-!.%8&)7!9-'02!7-22-1.:!4;7.*):!0/+!%02&1-!&/+&'01&/4!.%0223<!0/+!

.02&/-!'3/+&1&3/.!EQ3<-/.1-&/:!*/7*,2&.%-+!)0/*.'8&71J=!! !

$%&'(!%02&1-!,-+.!&/+&'01-!7-8-//&02!.02&/-!13!%;7-8.02&/-!20(-.!EH3,.1!-1!02=:!C@@"R!

Q3<-/.1-&/!-1!02=:!C@@#J=!!L-)&57-8)0/-/1!.1801&9&-+!%;7-8.02&/-!20(-.!783+*'-!.021!,-+.!

+-63&+!39!1%-!+&..32*1&3/!0/+!+&04-/-1&'!1-M1*8-.!93*/+!&/!)3+-8/!)*+9201!0/+!.02170/!

+-73.&1.=!!S/.1-0+:!1%-.-!*/&1.!08-!0,2-!13!78-.-86-!78&.1&/-!'%-683/!0/+!'*)*201-!%02&1-!

1-M1*8-.!'8-01-+!+*8&/4!+-73.&1&3/:!,-'0*.-!1%-;!08-!/31!-M73.-+!13!*/+-8.01*801-+!

<01-8.!EQ3<-/.1-&/!0/+!T08+&-:!"UVAR!L)331!0/+!Q3<-/.1-&/:!"UU"J=!!N38!.-+&)-/1.!

+-73.&1-+!01!1%-!L0208!+-!W;*/&!+*8&/4!1%-!48-01!20(-.!7%0.-:!1%-!.-)&57-8)0/-/1!

.%0223<!.02&/-!20(-.:!,83*4%1!3/!,;!8-201&6-2;!<-11-8!'3/+&1&3/.!,0.&/!<&+-:!783+*'-+!
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)'.2()2/&!07!$%&!(+,,0*.$+02!)2(!(+)>&2&$+/!7&)$.-&,!),,0/+)$&(!?+$%!6.(7*)$,!)2(!
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$%&!/)-'02)$&,!-)2>&!7-06!M;JMEO<M;JMED!AP)'*&!"@!Q+>.-&!RRF;!!G2!$%&!.33&-!,)*$!'&(!

AC0*0/&2&!)>&!'),&(!02!02&!"#S!)2)*:,+, F!EJ8-KEL8-!/0630,+$+02,!07!#!%)*+$&!,)63*&,!-)2>&!

'&$?&&2!M;JME5<M;JMEL;!!P%&,&!1)*.&,!)-&!/02,+,$&2$!?+$%!EJ8-KEL8-!6&),.-&6&2$,!07!,)*$!

7-06!$%&!8)*)-!(&!9:.2+!/-.,$!A EJ8-KEL8-!M;JMEE5@!T*)/=&I!&$!)*;@!RM"MF@!'.$!)-&!*0?&-!$%)2!
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/&'+! =>$&?=3$&!4@>4=A"64@>4=B4!)(!078)%1,!7(2!/&'+!=>$&?=3$&!4@>4=>>64@>4=B4!)(!.7&C'(7%1,@!

D0),!)(%1&E78!)(.8*21,!,1E1&78!-781'87F1!,%7<1,G!%01!D7*.7!0)<06,%7(2!-07,1!H"#54446

">5444!I78!9&!:;5!=>$&?=3$&!4@>4=>JBK5!%01!LMN!HA454446A35444!I78!9&!:;5!7E1&7<1!=>$&?=3$&!

4@>4==BAK5!7(2!%01!N)(.0)(!-07,1!HO354446J35444!I78!9&!:;5!=>$&?=3$&!4@>4=>64@>4==#=K@!!D01!
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C7,)(5!+17,*&12!C9!;87.R1F!1%!78@!HA4"4K!7,!4@>4=>#64@>4===!7(2!M&'E1!1%!78!HA44OK!7,!

4@>4=="5!7(2!,)+)87&!%'!=>$&?=3$&!'/!S)'!T1,7<*721&'!('&%0!'/!L7<'!;''-U!H4@>4=3J 64@>4BOB!
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&72)'<1().!P7%1&,012,!'/!%01!P1,%1&(!.'&2)881&7!HY4@>4364@>4=!VM&'E1!1%!78@5!A44OZ!;87.R1F!
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T*&)(<!%01!-8797!87F1,!-07,15!-&)'&!%'!Y345444!I78!9&!:;5!=>$&?=3$&!'/!,7+-81,! /&'+!

%01!$787&!21!Q9*()!.'&1!7&1!81,,!&72)'<1().!.'+-7&12!%'!%01!*--1&!<&17%!87F1,!-07,15!
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$%!&'()*%'+,-!./')0,!12!3$45(,!66 78!!9: ;(<9#;(!*=!+>,!?0'@'!0'A,-!?>'-,!B* -+!&0*-,0@!

(,-,B)0,! 9: ;(<9#;(!*=!-+(,'B-!'%C!($D,(-!+*!+>,!E,-+!.$8,8!F$*!G*0&>'H!I8:I#:9!JK0'&L,A!,+!

'08H!6I"IM7!'%C!-*5+>!.$8,8!F$*!N'D$0&>'H!I8:I:1:12!F$*!;'0'C*H!I8:I:O#2!F$*!P$-&'&>$00'-H!

I8:I96Q#!JR(*D,!,+!'08H!6II1M7!*=!+>,!;'0'(!C,!S@5%$8!!/>,!0,--!('C$*4,%$&!9: ;(<9#;(!D'05,-!

*=!>'0$+,-!'%C!&'()*%'+,-!C,?*-$+,C!'+!+>,!;'0'(!C5($%4!+>,!?0'@'!0'A,-!?>'-,!$%C$&'+,!'!

-+(*%4,(!$%=05,%&,!*=!;(!-*5(&,-!*($4$%'+$%4!$%!+>,!E,-+,(%!&*(C$00,('!'%C!'!E,'A,(!

$%=05,%&,!*=!B*(,!('C$*4,%$&!;(!-*5(&,-!*($4$%'+$%4!$%!+>,!,'-+,(%!&*(C$00,('8!/>$-!

-544,-+-!+>'+!?($*(!+*!T#IHIII!@(!UK!$%?5+!+*!+>,!-'0'(!=(*B!+>,!%*(+>,(%!V0+$?0'%*H!D$'!

W'4*!K**?X!+*!+>,!,'-+H!E'-!-$4%$=$&'%+0@!C$B$%$->,C!$=!%*+!&*B?0,+,0@!')-,%+8!!

R(*D,!,+!'08!.6II17!'%C!K0'&L,A!,+!'08!.6I"I7!>'D,!B,'-5( ,C!;(!$-*+*?$&!

&*B?*-$+$*%-!=*(!-,D,('0!$B?*(+'%+!($D,($%,!'%C!-5(='&,!E'+,(!-*5(&,-!+>(*54>*5+!+>,!

V0+$?0'%*H!?(*C5&$%4!C$==,($%4!(,-50+-!=*(!B'--!)'0'%&,!*=!;(!'%C!+>,!(,-50+$%4!9: ;(<9#;(!*=!

+>,!0'A,!$%+,(D'0-!+>'+!*&&5?$,C!+>,!-*5+>,(%!V0+$?0'%*!C5($%4!+>,!0'+,!Y5'+,(%'(@8!!

Z>$0,!R(*D,-!,+!'08!'%C!K0'&L,A!,+!'08!C$-'4(,,!*%!+>,!$B?*(+'%&,!*=!-*B,!-*5(&,!E'+,(-!

+*!+>,!+,(B$%'0!)'-$%!.-?,&$=$&'00@!+>,!$B?*(+'%&,!*=!W'A,!/$+$&'&'!*D,(=0*E!$%?5+!D$'!

W'4*!K**?X!'%C!+>,!F$*!W'A'!N'>5$('7H!+>,@!'4(,,!+>'+!C5($%4!E,+!?,($*C-!+>,!-5(='&,!

E'+,(-!'+!S@5%$!(,=0,&+!E$+>!B*(,!('C$*4,%$&!;(!-*5(&,-H!-5&>!'-!+>,!W'4*!K**?X!)'-$%H!

E>$0,!C5($%4!'($C!?,($*C-!+>,!-5(='&,!E'+,(-!'+!S@5%$!'(,!(,?(,-,%+'+$D,!*=!B*(,!0*&'0!;(!

-*5(&,-H!-5&>!'-!($D,(-!'%C!-+(,'B-!C('$%$%4!+>,!0,--!('C$*4,%$&![*(C$00,('!\&&$C,%+'08!!
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