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Listes des figures

#8068 () X,:("(1.(41=(#D41:62'2:&</(4N4</5_|@1#&"&234!.5$336(4P!(30(:&AHIHH! abW!. (!
%20$#838&%J0(411(3=;&</(41.("$!,$02==(\W[K!]>VITN&C!(=!$"P)V HUPOGMIE\W!, $02==(41.(1'$, (!
XKIG"I[2#(1GI T+0=;&! (SIS *P17 2Pt gtk
I

I"#$0%&* ) G-, (1./1,$0123(1$,=/(*1+(4!,;&%%0(41(3=0(!,02,;(-8{D064(3=(3=""(411/.:(=41(3!,$0123(!T(3!
D6=$:0$##(4).(1,$0123(P!K:GP!2/!:&:$=233(4!.(, $0123(P'RelGl%'J,;(4!0(D064(3=(3=!"(41%'/c!.(!,$0123(!
(3=0("'(41.8%%60(3=4!,2#D$0=&#(3=4TR=GF$JCHXD 32K:61%"/c|D06&3./4=0& (‘4P (IDRAQ=/01$=&23
$3=;02D&</(4*1[&$:0$##(1.(10$1&3(I T722QUP!$.$D=6!.(10$1&3(!(=!$* FTPP LBt +Hees o e
|

I"#$0%&'+')  [(/c!4-4=J#(410(D064(3=6414/0"$l#g#(1%8&:/0(P!(31%23,=&23!./'DhCIT&U!'(4!D02D20=823410('$=&B (4!
[(418234118,$0123$=(4!(=1.(418234! $HLAIT,2/01(4102/:(4!(=11'(/4U! (= T&&U!'(41D02D20=&23410('$=&B(4!.(!
'5$,&.(1120&</(1(=!.(418&2341120$=(4!T,2/01(4!32&5@%)6(4:D2/0[IGi722?!j#2"*: L PIOi@H*VID4/P!9i7HKGP!
EQi>)QUj#2"*f:  L*1+(10(,=$3:'(1:0&46183.&</(1'$!:$##(1.(1BSO&S=823!.(IDNL. (. (H(OI$,=/("(*  Hrwmmmreiggyrees

|

"#$%8&',)!  Xc(#D'(4!.(!D02./,=(/04!.(1,$0123$=(".(!,$',&/#!.(1'52,6$3*19(4=4!.(1%20$#&3&%J0(4!T:$/,;(U!(=!
,2,,2'&=(41T.028&=(tyrrrrrrrrnnx 67 R
|

I"#$%&-)  O,:6#$1&"/4=0$3=!"(4!.&%Y60E-$=41.(14$=/0$=&23.('52,6$3*I+5;20&123!.(14$=/0$=&23.(I'$!
$',&=(ITGONU!(4=1$==(&3=!"204</(!mi)*| MI!BR/0,(3=$:(!.(G$GWn!$==(&3=17?0P!23!$!$==(&3=!"$!D02%23. (/0!
(1, 2#D(34$=8&23!.(4!,$0123$=(4I TGG[U!46.&#(3=$&0(P'=$3.&4!</(!'$!432S'&3(18 (CRIBLB%23. (/0! (!
2#D(34$=8231:62,;&#&</(' TRG[U!2p!D'/41$/ IGSCGWN!3(14(1.6D24(*1+$!-42,'&3(!,;&#&</(P!</&! 200(4D23.]_!
13(1$/:#(3=$=8&23!./1=$/c!.(1.&442'/=&23P!(4=1$==(&3=(I'204</('mi?*]*10,;64$!. (IE24=2 fI(=1$ ™ T PPy I+

|

#5068 1#$:(14$=("&=(10X"qI\O#23=0$3="5$123.$3, (1#2-(33(14/0!'$!D60&2. () V\F 22Q!. (4!
20:$384#(41D;24%/=2=02D;(4!#$0&341.$341'52,6$3P!$123.$3,(1&3.8,$=0&,(!.('$!D02./,=&23!D0&H#$&0(!
D2=(3=&("(IT.2336(4!.8&4D23&1'(414/01;==DCFF2, ($3, 2"BH48%2 BF O ($q&\OBiirrtirrstix (G2 3k
!

"#$%&')!  O,;6#$!.(1,80,/'$=&2312,6$3&</(1:'21$'(*1G(14,;6#$!#(=!(3!6B&.(3,(I'(4!:0$3.(4!10$3,;(4..(!
,&0,/'$=&23!</&!06:&44(3=!$,=/("(#(3=""52,6$3P!$B(,!(3!02/:(I(=1"$/3(!"(4!,2/0$3=4!.(14/0%$, (14 %~!%02&.4P!
0(4D(,=&B(#(3=P!$442,&64!_'$!12/,'(".(!,&0,/'$=&23!D02%23.(P!(3!1'(/""(4!,2/0$3=4!D02%23.4!(=!(3!B(0=!"(4!
,2/0$3=4!_1D02%23.(/0'&3=(0#6.&$&0(*'W3!32=(I"('R/'%!O=0($#!(=!"$! .6 Q&BEBEX}/(P!,2/0$3=4!.(!
4/0%$3,(1.(1'5"="$3=&</(1220.P!</233(!13$&44$3,(!_!'$!D'23:6(!.(4!($/c!D02%23.(4!.$34!'(41#(04!320.&</(4!(=!
J1+$10%$.20P!$&34&!</(1'(!,2/0$3=!,&0,/#D2'$&0(!"3=$0,=&</(P!$/=0(142/0,(".(4!($/c'D02%23.(4*' TN$04;$"1$3.!
OD((OP!177?) Ayt MR rrx
|

I"#$068'0')  X4=&#$=823406'/c).(IGY(3=0(12,6$3!(=!$=#24D;JO(ITOS$;$4;&! (=!$*PI7227U*1+(41123(4!
5/DS("&3:1423=1,$0$,=60846(41D$0!.(41%'/cID24&=8%4)(=1423=1.23,1.(4142/0,(4).(1,$0123(IT.&B(0:(3, (4!
6</$=20&$'(4UP!=$3.841</('$!D'23:6(1.(41($/c!D02%23.(4!.$34!'5"='$3=8 H(Z$0$,=608&4(1D$0!/3!%620=1%'/c!
36:$=&%!(=!(4=1.23,1/31D/&=41.(1, SO BGrrrrirrrs Cog
|

I"#$%&'1')  O,;6#$106,$D&=/"$=8%!.(41%'/c].(!,$0123(120:$3&</(ITrWGU!(=1&320:$3&</( TrIGUP!.&442/4I T[rGU!(=!
D$0=&.,/'$&0(ITKIGU!.$341'52,6$3*+{42844(3IR=GF$3P!'(41064(0B2&04!(3=0(!,02,;(=4!(3!R=G!(=!10(D064(3=(!'(!
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~'(!D06&3./4=0&('1./!,$0123(IT%"/c!$3=;02D&</(1323!,2#D=64U*!+(!,$0123(!D$0=&,/$&0(' TGSGWnU!,23./&=!_!/3!
(cD20=1.(,,$0123(!.(Is?*>R=GF$3P!,23,(3=06!4/0!'(41#$0:(4!, 23=83(3=$ (448D (O$1&3(! T7??QUP!$.$D=6!
((O$1&3(!(=I$HTT22>Ftyrrwrs ok 4 pate

|

"#$%&'(2")!  [&4=08&1/=&23!:'21$'(!.(4146.8#(3=41=-D(4!4/0""(41%23.412,6$3&</(4!T9;/0#$3!$3.190/"&"2P!
7?2?7U* >7
|

I"#$%&'(()!  O,;64$148#D'&). (4146, $3&4#(4!,23=0t'$3=""(I"auG./!, $0123(1&320:$3&</(1.&442/4!.$34!
'52,6$3C!D02,(44/411&2'2:&</(411TD;2=24-3=;J4(!(=!0(4D&0$=&23UP!,&0,/'$=8&23!2,6$3&</(P!4,;$3:(4!2,6$3
$=#24D;J0(!(=12,6$311824D;JO(1=(00(4ekpirrrrrsix S h
|

I"#$06&'(*) | \0$,=8233(#(3=41842=2D&</(4).(1'52¢-:J3(1.$341(1,-,'(1;-.02'2: &</ (*rr+Hwwx Ci6
|

I"#$%&'(+)  XB2'/=&23!./10$DD20=IN:FGS..(I'$!,$',&=(!.(1.&%%60(3=(4!(4DJ, (4. ('%20$#&3&%J0(4'(3'%23 =&23.(!
$' (#D60$=/0(".(1,$',8%68&,$=823I T"IPIIS*P17 22 @t +rrrsrrrrrix

I"#$%8&'() | G2#D248=82341&42=2D&</(41./1120(!.$341'(41(4DJ,(41$,&.(1120&</(/(=!&23!120$=(1(31%23,=&23./!
DhITv$&;$3$!(=I$*P1)V88U*+(10(,=$3:'(1:0846!83.&</(!'(4!, 2#D248&=8&2341842=2D&</(4!./'1 2GADEBZ2B3=06
'(41,$0123$=(41#$08&341$,=/('4I Th(##8&3:1$3.1h$3423P!)V\FFtF+++x o R et

|

I"#$9%&'(-) | G$'&10$=823!(#D&O&</(!.(IW/!(=!X".(0%&(".I T7228U#(==$3=!(3!6B&.(3,("$!0('$=8&23!'€36$&0(!'&$3=!
'(10$DD20=IEFG$!.('5(4DGRLE, &.2&.(41S/(" @=20%68'$14$=/0$=&23!(3!&234!,$0123$=(4.(4!($/c!.(1%23 *1+$!
.028&=(132&0(10(D064(3=(""$!06:0(44&23!'&36$&0(121=(3/(14/0'5(34(#1'(".(4!.2336 (4 TEFG$i)*)>IcIxGWnyz!
pssyuUt  >]!

|

I"#$%&'() | \23,=&233(#(3=1.5/3!4D(,=02#J=0(1.(#$44(!_142/0,(ID'$4#$!IGKINO*I IC!&3=02./,=&23!.(!
'56,:$3=&"2B70(4D(,=&B(#(3=!=/1(P'D2#D(!D60&4=$'=&</(P!361/'&A(/OP'cB4EIBA0,;(!_|D'$4#®BINC!
121&3fe!R!(=IC! t3(41 TA$#D'(0!(=!41&##(0P10(4D(,=&B (ALY (3=&"([@|C!</$.0/D2'({(=MC!.6=(,=(/0**H®
!

I"#$%&'(I) ! XB2'/&231./14&:3$".(1,$',&HIT(3!,2/D!D$0'4(,23.(P!,DAUIS$/1,2/041.5/3(1D;$4(!.5(3,0$44%:(!
(41,13(4%1[(1));@)!_1)): @]P!"(4!.2336(4!3(1423=ID$4!D064(3=6(4!,$0!$1(00$3=(4P!_I'$!4/&=(1.5/3!.64$#20}$:(!
("SSDDFO(&. (H(AI0(Fxxrrkins -

!

I"# $96&'(07 XB2'/=&231./148&:3$".(I'&=;&/#1$/1,2/041.("$ID;$4(1.5(3,0$44$:(IT,DAU[(1)); @)!_1); @]P!'(4!
.2336(413(1423=ID$4!D064(3=6(4!,$01$1(00$3=(4P!_I'$14/&=(1.5/31.64$#20}$:(1.(I'5SDDSO(&]. (LT H***
!

I"#$%8&' (1) G$D=/0(56,0$3!./'2:&,&('19;(0#21K'$4#$'$1!D(3.$3=""(10&3)$:(.5/3(142'/=&23!_!)?'DD1..(!
120(1#(4/06(1D(3.$3=!)?10/34*!+$!,2/01(1#23=0(!'56B2'/=8&23!.('$!,23,(3=0$=8&23!(3!120(!
T$DD02c&#$=&B(#(3=1)?27?!,D4ID$0!/3&=6!B(0=&,$'(P!42&=!(3B&023!827?!, )8! (BINGEALEOER23! /!
=(#D4!.(10&3}$: (1TA(,23. (Urrrrrrsmrreir BT M
|

I"#$0%&%2")  Z2#10(1#2-(31.(1,2/DAID$0I4(,23.(1.$341/3(142'/=&23).(IhZW d?*)ZIT428&=!"(11'$3,U!(3!
%23,=8231.("'$!,;$#10(1.(1361/'&4$=823!/=&'&46(P!=2/=(41$/=0(4),23.8 2 (P BAE:&"/4=0$=82341#23=0(3=!"$!
%20#(P!(=1.23,!'(1%23,=8&233(#(3=P1.(,(4!.&%%60(3=(4!,;$#10(4!.(136 1/'€4$=&23!T'$!D;2=21.(1,;$#10(1_11&"(!
5&#D$,=1#23=06(1&,&!(4=!,("(1.5/3(!,;$#10(/(3!B(00(!12024&'&,$=6P!$%&3!.(\D2/B2&0!#23=06!'$!1&" (1. 5&#D$,=U*
! Q)

|



I"#$%&%()]  XB2'/=&231.(411'$3,41.5$,&.(1hZWPP)ZI$/!,2/041.(41$336(4172)?F7?)7P1(3132#10(!.(1,2/D4!
D$0!14(,23.(14/0V$I#$44(1./1) E*I+(41,$0064102/:(410(D064(3=(3=!"$!B$'(/01#2-(33(1.(411'$3,41D$0!4(448&23!. (!
#(4/0(P!'(4),02&!3280(41423=""(41B$' (/04 I#SCEHS (4] (=1#&3&HS'(410(3,23=06(41'2041.5/3(146$3, (1. 5$3$'-4(*!+(4!
A2/041(=1#284123=16=61#2.8%&641D2/0!D'/4).(I'&48& 18 &=61T$336(4 183 S B A Ak
|

I"#$068 )] Xc(#D'(4.(1,2/01(4!.(,$'&10$=82341213((4!$/!,2/041.5/3(14(448&23).(H#(4/0(4!_I'5$&..(1.(4!
42'/=82341.(1,$'810$=823!(310$=82* YI{&2&:3.&</(!'(10$=8216'64#(3=$80(!</(132/41$B2341 $',/'6!'204).('$!
D06D$0$=&23!D$0!D(46(!.(4142'/=82341.56=$'233%:(1_|D$0=&0!.(142'/=823416'64#(3=S &AL HZHtE++ sy rrrtx
!

I"#$9%&*+)  XB2'/=&23!./10$DD20=IEFG$!./14=$3.$01)G31%623,=&23!./1=(#D41$/1,2/041'$!./06 (1. (I'$!
=:J4(176,;("(;20&123=$'(1$01&=0$&0(UP!(=14('23"'$1#6=;2.(!. (!, $'&10$=823! (#D'2-6(*1+ (4 DO(#&(041064/'=$=4!
21=(3/4T,2#D0&4(41(3=0(1?!(=17?14/01'5$c(1;20&123=$'P!(=!0(D064(3=$3=I"$!D60&2.(!.(1Z2B(#10(172?V!_1%&3!
77)?U#23=0(3=1/3(1:0$3.(1.&4D(04&23!./(!_!'5&#D(0%(,=&23!.(4!D02=2,2'(4).(13(==2-$:(!(=.5$3$"-4(!_!,(==(
D60&2.(* QO

|

I"#$0%6&") | XB2'/=&231./132#10(\.(!,2/D!D$0!4(,23.(.(4!1'$3,414/01'(416'6#(3=41&=;&/#!(=1120(1$/!,2/04!
5/3(14(44823). (H(AI0(*1+(!, 2(%%&,&(3=1.(1,2006'$=&23P!.$34!'(1, $41./1120(P!(4=1%$&1'(!(44(3=& (" (#(3=!(3!0$&423!
(I'$1%$&1'(1D(3rrrrnner * s M

|

I"#$068&*-) | 1"/4=0$=823).(I'5(%%(=!./\=0$&=(#(3=).(1.2336(414/0/316,;$3=&"231%&,=8&%!$B(,!/3IEFG$!
6</&B$'(3=!_!,(/&1.114=$3.$0.1|GEP#(4/06!V19628&41$/1,2/041.5/3(14(448&23!.(1#(4/0(P!(314/DD24$3=!/3(1.60&B(!
234=$3=(I"/4</51)P0!$%%(,=$3=11'$B(=16,;$3=&"23*I+$142/4=0%$,=&23!./11'$3,1$/c!.2336(4!10/=(41T.02&=(!
$/c1D2&3=8&"6419&34U1.&#&3/(I'$!B$'(/0!.(4!.2336(41#(4/06(41T.028=(!D2&3=&"6(UP!D/&4!'$!,200(,=&23!.(1.60&B(!
$B(,"(14=$3.$0.!|GID)!D(0#(=!.(!, 2#D(34(0!'$!.60&B(1#$,;&3(1D2/0121=(3&04!B$'(/0414=$1'(4!T.02&=(!
1'(/(U*1X3%&3P!'(14=$3.$0L) | B{(0#(=".(10$#(3(0!'(4!B$'(/04!D$0!0$DD20=!_I'$!B$'(/0!.(14=$3.$0.!
&3=(03$=823%'(#(3=!,$'&106!T.028=(102f {1k rrrrrix @ffn s
|

I"#$06&*.") | "L:$/,;(1(=1$/1,(3=0(P!#2-(33(4).(410$DD2 0=4!EFG$!#(4/06414/0!'5(4DRXD/1(0TS;&=(U!.$34!
[(lc\a2##(=41.(1,$02==(1D02B(3$3=".('52,6$3!"="$3=&</(I TIZN[!>]'EGU!(=!.('52,6$3!13.&(3 TN[1??!7 @ HVU*!
"1.02&=(P!EFG$!#(4/0614/0!'5(ACRHD/1(0TO(.U.$341' (142##(=).(1,$02==(1ZN[!>] EEL)*I+(4!1$0(4!
0(D064(3=(3=!"$!B$'(/01#2-(33(14/0!HI06D'&</(4P!'(411$00(41.5(00(/0410(D064(3=(3="56,$0=!=-D(!(3=0(!, (4!H!
06D'&</(4*1X3!1'(/PI$B(,16=$D(12c-.$=&B(P!(3!02/:(P!4$34!6=$D (I 2E-"$&B** Btk
|

I"#$9%&%/') | O,;6#$!(CD'&,$=8%!./1=(4D2"/=823!B2'23=$&0(*!+ (4!, $41#$0</64!$B(, IB1&3.&</(3=""(4!
=/1(41.52p!=2/=!"("&</&.(1$!6=610(=&06P'=$3.&4!</(ID2/0V'(41$/=0(4!,$4!.('520.0(\.(1)?!_!7?2j'!.(142'/=8&23!23=16=6!
'$&A4641.$341'(1923.1. (A1H&LEPL(AIT, 244 (!, (‘'$!(4=":6360%' (#(3=1%$&SB4!'$ID;$4(!.(13(==2-$: (106 ("(". (4!
%20$#8&38&%J0(4P!D2/016B&=(01</(!'(41%60$:#(3=4!3(142&(3='D&D(=641$B(,'$142'/=823P!_I'$1%&3!.(416=$D(4!.(!
3(==2-$:(UF 8@

|

"#$%&*0") Y$DD20=!EFG$!#(4/06!$D0J4!'(\=(4=!.(!D2"/=&23!B2A2BEERD?2/.0(!./!,08&4=$".(14D$=;*8>!
|

I"#$0%&*1")  $'(/04!.((EFG$!#(4/061D2/0'5(4DJ, (IR*14$, '&%(014/01/31=0$34(,=!.(ID02%23.(/0!.("$!0&(00S!
+(23(1Y&4(ITB2&0!G;$D&=0(!111!D2/0!.6=$&'4UP!(31%23,=8&23!.(!'$! D029 LB (AMBIXGOU 1#(4/06 (41$/!
+OGXP!(3!02/:(ID'(&3!'(41B$'(/041#(4/06(4!_IG$#108&.:(P!(3102/:(12/B(0=!"(4!#(4/0(4).(\G$#10&.:(!,200&:6(!
('52%%4(=!(30(:&4=06!D$0!""(3!(=!$"*P!7?) AT BFBB*?]HICIEF Gr10s.(1)*?VU1+(411$00(41.5(00(/OP!
0(D20=6Y!/3&</(#(3=!4/0"'(4!.2336(4!.(\G$#10&.:(!,200&:6(4P!,200(4D23.(3=!_I'5(00(/01#$c&#$'(1(3=0(!
'56,$0=!=-D(!.(4106D'&</(4!(=1/3(!(00(/0!1$3$'-=&</(!. (1@t +rrrrs T
|
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I"#$0%&'+2") "1:$/,;( ICIN/'=&,20(0!D064(3=14/0'(IYB20AC! (4!=/(4145(3%23,(3="(3=(#(3=!.$34!'(!
46.&#(3=1/3(1%28&4"' (1, $02==&(0!D246!$/1%23.*I1CIDE2%623.(/04).(414(D=14=$=8&2341.(\D06'IB (#(3=14/0!'(!
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L¥6(/*10&!,21(&7)$#2(+#&108&162,6/L/62(/*1[U'2'01&(12, CAIBIEA

N2178%+#810+1K1_0&Y6!(&%6(%!08&!L*#27/ /LH#&Y6!&'L*+/%102' %!, &I YEHOTRY R/'V6/10-&%(/78&H) &%) 2, $*
(&T)$H2(+#8%! )2#! \&! [2/%! 0&! -$B+2(/*! =! K1_02! [77*,_7*\ZG! &F)[UMN! 2:&6! U! &(! C¥o62'(&%
&F)F& (/& &I&()HSEF) & (1&, &I&(IMN, 21(&7)$#2(+#&1&'1sOC!

WS$2'7*'%AIB&NHF<I&%(1%*+7/%@!,-/'L, +&'6&I08&!, 210/%%* +(/*1) 2#(/&, &1 0&%! (896 (%!0&!L*#27/ [LH#&Y%! @! 1#2'
YL 08+#[&CLCIN*E72" Al Appd T*06& (E2, Al 8999\AI B+/1)&+(1 1$'SH&H! +' 1420+ .%(2' (/&1 0&1) 241 2196+ +%
&Y(/T2(/*10+1K1_O21)*+#! &U6I #&6* Yo(#+6(/*' %! 0&!) A&T)$H#2(+#8I6CI X&!),+%6A! K 265R40! &(1 G2%%/ (!

[899p\I (1 7+(#$! B+&! 21 %2, /'/($! /'L, +2/(! $12,87&'(1 Yo+#! 6&! JHF<Al +'&1 :2#/2(/*1 0&! 471 0&! 21 %2,/'/($!
['0+1%2'(1+'&1 :2#/2(/* 108&!,4C0°0! 0&! 2! (&7)$H2(+H&! #E&E* %o (#+/(&C! O&Y%! L26(&+H#%! 6+7), &F/L/& (106! 1, &%!
)2,$% H&E* Yo (H+6(/* %108 (&7)SH2(+H&AT2/%1/,18%(1/'0/%)&'%2.,&10&! &%) #& O#&I&NE*T)(&C
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cA)!)):6EQBSE)LK8<BEK)M\6<G979"EB)@)NB)K8JJ6KL)=>08

O&I(H26&+#IL2/(!,*.;&(10-+10$R&T &' (1), +9%6!/7)#(2'(|B+&!6&+F!)#$%& ($%!), +%!E2+(102'%!, 21 7&%-+#&!*M!
6-896(1+' (H268+HIHS6&TT & (10$:&,%))$1&(IB+-/,16¥ % (/(+&!,-*.;&(1)#/'6/)2,10&!6&((&! (EH%&CID&!#$%& (&Al/6/Al &%
2%&%! 6E/7/B+8&%! )*+#1 6*7)#& O#&! 6*77&'(1 & #2))*#(1 G_02! 7&%+#$! %+H#B&ILBV6! 0&! L*#27/'[LH#&Y)!

HOOIHE Y&/ 1'&1%+#1, 216E/7/&10&! -*6$2'CIV'I6E 2)/(#&1%6)$6/L/B+&I0&I6&I 7S T*/#&I%&H#216¥ %264#SAl), +%! *'Al@!,:
78&Y%+#&I0+1#2)) #(1G_O21&(1,&%! 27$,/*#2(/* %! 2))*#($&%6! )*+#1 6&((&! 7&Y+#&!)&'02'(1 7% (#2:2/,10&! (EH%&!
0*6(*#2,&C

CAZA)1BHKB);8:M)N26<\8:)BL);8:M)NBM)<8KS6:8LBM)S96m):9"EBM

X2'%! ,-*6$2'Al ,&! *#&! &F/%(&! %*+%! 0&+F! L*#7&%! 0/%(/'6(&%A! ,-26/08&! .*#IB+EKOZE]NA! ,-/*'1 *#2(&!
G[ZS\n* 10-2+(#8&!)2#(AI0% (!, &%) #*)*#(/*'%! %+ (10$)&'02' (&%6!0+!) WL +#&B\CIN-$B+/,/ #&! &' (#&%! 0&+F!
L*#78%!&Y%(I&F)#/T$!)2#1,216%%(2' (§dv

. [H+][B(OH)'j,]

*= " [B(om),] ! [89\!

U+ )S! 26(+&,108&! ,-Z6$2A! 6-8%(! ,-26/0&! *#/B+&! B+ &Y%(! 7T2:*#/(2/#&) 24! #2))*#(! @' -I*! *#2(&C! N2!
668 (H2(/*1&'1. #&I(*(2,10&) -&2+10&! 7&H#) &+(1%-$EHME

B, = [B(OH),]+ [B(OH)} ] 1 [84\!

N&!(&7)%!0&!#$%6/08 ' 6&10+! *#8102'%!,-*6$2 0BYstH0#& 081 4h1 K21 [~&'1*%E! &(12, CAMINET 2#6E2'01&(!
2,CA!I 8999\Al &(! %2! 6+'6&' (#2(/*'] (*(DBY6! ,-*6$2'1 *+:&#(1: 24181 076! )#/'6/)2,&7&'(1 2:&6! , 2 %2,/'/($! Yo+#!
6&((&! $6E&,,&! 0&! (&7)%! [N&&! &( @IBO\I/'V/A! &' 6+7./'2'(! [BOM &(! [84\! *1 )&+(! &F)H#/T&H! 2!
B6& (H2(/*'! &' [*%) *#2(&%! &' L¥6(/*'1 0+ )S! D#*(*%! wS  {\Al 0&! 2! 6¥'6&' (#2(/*'! &' *#&! (*(2,&!
[L*6(/*10&!3\AI&(10&!,216%%(2' (&N [L*'6(/*'10&INAIBI&(1"\I14

B

o [88\!

S&T7/'11&(1S2'%*  1[App8\!I*'(1)#*)*%$! +'1 7$62'/%7 &1 0-/'6*H)*#2(/*1 0+ *#8&102'%! &%) ./*62#.%'2(&%!
L¥0$! %o+#! -E<)*(EH%&! B+&! %&+,! -/*'1 *#2(&! &%(! ['6*#)*#$! @! ,-I'($H#I&+#) O+ #$%&2+! 6#/%(2,,/'C! O&((&
['E)#2(/*1) &+ (1%-&F ) #/7&H16* 77 &1%+/(2

CaCQ,+B(OH)} " Ca(HBQ,)+HCQ +H,On [8f \!

O&((& E<)*(EHY&I0-/'6*#) H#2(/*10&! -1+ *#2(&%&+,18%(!.2%$&! Yo+#!,21 7 &%+#&! 0&%! /%* (1B IETHEI* #&
)*%6%HO&!08&+F!/%*(*) &% % (2GERA G Al B+/1#8)#$Y6&( (88%) &6 (/:&7&' (1 4pC58™1&(1I59CA5 10+ *#&1(*(2,!
[QV"U@ 4pp5\C! Z#A! -26/08#B+&! &% (! &'HIBE/! 85! 6+7)24#$! 2+F1*06! *#2(&%A! &Il #2/%*'1 0-+11



L#26(/*"&7& (1 /%*(*)/B+&! 6%%(2'(! &'(#&! 68&%! 0&+F! &%)MBBIGH 6+7)*%6/(/* %! [%*(*)/B+&%! #&%)&6(/:&%!
%X (IL¥6(/* 9%B0+1)S![S &77/'11&(! S2'%*'Al 4pp8 |, }8.&.&,899G\[ L/1+#&AN\C! N2! 78%6-+H#EIBEY6*(*)&%! 0+!

FH&I 21 )&HTI%! 0&! T (H&H! B+&! 21 6¥7)*06/(/*'! [%*(*)/B+&! 0&%! ./*62#.%2(&8 4_%&! #2))#*6E&! 0&! 2!
6%7)*06/(/*'1/%*(*)/B+&I0&! /¥ *#2(&1%&+ | [S&TT/'11&(1S2'%* Aldpp8!,1132'<2,1&(12, CAl4ppo\Al &(18_&:* +&!
%/7+,(2'$7& (1 &(1 2:86! 2! 7]7&))&'(&! B+&! -/*'1 *4#2(&! &' L*6(/*'1 0+1)S! [32'<2,! &(! 2,CA! 4ppgAl 4ppd)!
S...'[%6E!&(!2,CAIB99iANEDRY! 0&+F!/'0/6&%!/'6/(&'(10%'6! @!)& V6&#! B+&I6&! %' (1./&'1 &Y% /*'%! *#2(&%! B+/!
%* (NHSLSHE' (/& &T &' (\/'6*H)*#$%102'%!,&%./*62#. %' 2(&%C

JOMEKB)Zn)@) O*7)*%/(/*'%! [%*(*)/B+&%! 0+F#&! 02'%! ,&%! &%)HE&Y%! 26/0&! *#/B+8&! &(! *'! *#2(&! &'!
L¥6(/*'10+!)S![V2J/E2'2! &(1 2, CAl 4pii\C! N&! #&6/(2'1,&! 1#/%S! /'0/B+&! ,&%6! 6*7)*%/(/*'%6! /%*(*)/B+8&%! 0+ *#&!
H&'6* (H$8%6102'06!,&%6162#. ' 2(&Y%61 724/ %) 26(+&,%![S&T7/'112'0!S2'%* Al4pp8\C

WS$2'7*'%A! 08%! $(+08IBEEEY! *(1 T (#S! B+-@! ,-/'(SH#I&+H 08%! 62#.52(&%! [*1$/BARE(! ), +%!
)2#(/6+ IH#&T &' (10&1,2162,6/(&AI+ &) 2HUE *HEIZVEH0*"S  &I%*+061%21 L H#78&) (#/1%2,&I[;+%B+-@!g9"10+!
HH&N(H(2,\1&(1 19621 LHHT & (S(H2$0H#/BAYT),[B+2'(1+'&1) %%/, &I /'G*#)*#2(/* 10-26/0&) *#/B+&! *#%!108&!,2!
62,6/L/62(/*1 B&77/'11&(12,CAl App5AI+6EI* &(1 2,CAI 899p,! T*, G 2#0! &(! 2, CA BIMIBHKH)*#2(/*'1 0+!
FHEAI&(10&172'HH&Y), +%! 1$'$#2,&!,2162,6/L/62(/* Al%* (108&%!)ES*7TH &% &F (#]787&'(16*7),&F&Y%! B+/1:*(!
0$)&'0#&! 0+! (<)&! B! 62#.*2(&! [62,6/(&! *+! 2#21*/(&\A! 0&! -8&I6)ISEROISEA! *+1 &'6*#&! 0&I6IBH/*%!

& IH"& T8 (2,8%C! O&%! 7$62'/%78&%! 0&! 62,6/L/62(/*'1 #&Y%(&'(! & 6*HABFIH2/ (YoA! &(! 0&! '*7 #&+I6&Y!
B+&Y%(/*'%! %+.%/%(& (Al 6*778#) &F&7),& [4\! -&LL&(! 0&! -$,$:2(F0+ )S! 02%! &Y% 26+* &I%6D&Y!

L*#27/ /L HH#&IU&I W**/:&#1 & (12, CAI8I9pAI THFZHO! 2'01 2#&aAI BIAIK+HIL2:*#/%&H! ,2162,6/L/6 24(1+1[8\I

o-/,| &F/UKR JHBLSHE'6&! 0-2.%*#) (/¥ )*+#] ,-&%) HE&! BE2HLS&I*+1'*' GE2HL 8R! &1 %/(&! 0&!62,6/L/62(/*'C!
KI7&! %! 6&%)! B+&IBFF#EYo(&'(! *+:&H#(&IA! (*+(&%! ,&%! $(+0&%! Y*#(2'(! Yo+#! 21 T&Yo+H&! 0&%! /%*(*)&%! 0&
B62#.52(&%A! B+-1,%! %*/&'(! J¥1$/B+&Y! *+! [*#12'/B+&I6A! *(1 7T*(#$! 6&((&! L*(&! %/7/,/(+0&! &' (#&! ,&+H#%!
%/ 1'2(+H&Y5! [%*(*)/B+&Y%! &(16&,,&! 0&! ,-/*'| *#2(&C! U/'%/A! 02'%! 2! %-HHRIDAIBEDH! *+%b! . 2%6&H* %! Yo+#!
~E<)*(EH%&I0&!,-/'6%H#) #2(/*'1&F6,+9%/:&10&! -/*'| *#2(&102'%!,&%!62#.%'2(&%C

4€



cAbA)1B)K8JJI6KL)=>08);BM)_6K879:9)@KBNIK60OF)IGEK)NB)<F<NB):E)<8KS6:B);8:M)
N26<\8)

O*77&!"*+%!:&™*'%!10&!,&!:*/#A!,&!)S!0&!,-&2+!0&! 7 &#! & (198IB6/2(/*' %! 0+162#.*' &!/*#12'/B+&! & (10+! . *#&!
0/%%*+%!9%*' (1S(#*/(&7&'(! /$%CIN2! 7&%+#&!0&!,2!B+2'(/($!0-/*'%! *#2(&%! /'6*#)*#$&! 2+1%&/'10&!,2!62,6/(&! 0&%!
L*#27/'ILH#&%A!),2'6(*/B+&%! &(! .&'(E/B+&%A! *+:#&!0*'6!,2! :*/&! 2+10$:&,*)) &7 &' (1 0&! *+:&2+F! (#26 & +#%!
VEHEH&E* Yo (H+H&!,&YI16E2'1&7 &'(%!)2%%$%!0+!%<%(H7 &!62#.*' &![r+! & (| 2 € ABPW&H#L/&,0AI899i\!

X2'06!,&162%!0896! L*#27/'ILH#&%!),2'6(*B+&%AI%/!,-*1207 &(IB+&! -I'6*#) #2(/*'10+! *#8102'%!,2162,6/(&10-+'
L*#27/ LH#&I&Y%(16* (#d, $&!) 241 +'16*&LL(BIR 2#& (10&1) 24(/(1* IV xAl,-$B+2(/*'181)&+(1%-$6#/#8&6*T .

_ [HBd? /CO§N]CaCQ
° " [BOH)} /HCO]

] [8h\!

seawater

311, &) *H&)-&%(1/'6%H)*#$102'%!,2162,6/(&! B+&I%&, *'1 &I 7$62'/%7 &I0$6#/(1) 24! ,-$B+2(/*'18fAl 216%'6&' (#2(/*'
&'1SGZ;81 8%(1 %(#/6(&7&' (1 $12,8! @! 2! 6¥'6& (H2(HSEBT&'(! H#&! %&+,102'%! 21 62,6/(&C! X&! ), +%Al $(2'(!

0*"$1 B+&! 21 62,6/(&! 08! L*#27/ [LH#&%! &% (! 6+ % (/(HORUIRKE (| B+&! 21 6+7),&F2(/*1 0+! 62,6/+71) 24!

0-2+(#&%! %) B+&! ,&%6! [*%) 62#.%'2(&%! 02'%6! &I #$%&2+! 6#/%(2, /' '&! %&! L2/(! B+-@! ,-$(2(! 0&! (#26&A! *'1)&+(!
0B0+/H#&1+'&1%&'%/. &1$12,/(BI&' (H&!,216%6& (H2(/*1&' 961624 %' 2(8%%6! &(!, 21 6% 6.& (H2(/*1&'1/*%) 62 6T!
02'%!,2162,6/(&! [}&&.&! 2'0! s* 1P, 204#*Y Al 8994/ &(! 2,CAI 899I\C! Z'1 ) &+(1 2/'%/| #&7),26&#! & '+T$H#2(&-+#!
02'%!,-$B+2(/*' 1841 +#1% (&'[# |4

K, = [BN/ Ca]m?a ] [8g\!
[B(OH); 1HCOL ]
%*/(=)
[B/Ca o, =Ky " [BOH); 1HCO]] 1 [8o\!

ZHAI02'%6!,211277&1 0&!:2#/2(/*10&1)S! 0&! ,-*6$26(+&, Al %*/(1 & (#&!iC5! &(1 5CFA!,&%! 6*'6& (H2(/* %! &' [*%!
FH2(8%) 2+17&(&'(12:861,&1)S! (2'0/%! B+&! 6&,,8%! 089! [*%! [62#.%'2(&%! O/7/+&' (! [L/1+#&! 8\CIN&I#2))*#(!
WG[ZS\EZ! ! SOZZH#/&! 06! 0&! 72 HH&! YH*) (/" &,,&! 2+1)SC! UI'%/Al %/! ,-+1 6*'2—(! &) 6*&LL/6/&'(! 0&!
)2H#((I1v XAl B+/18&%(! %)$6/L/B+&! @! +'&! &%)HB&! 0&! L*#27/'/LH#&! [r+! &(! PIGAEB8A98995U, &' &(12,CA!

8944\ &(1 %! ,-*'1 21 7T&%+#S$! &1 G_02! 02'%(8&A%! 0&! 6&((&! &Y6)HB&A! r+1 &(! 2,1 [BIOIN *'(1 7 (#$! B+-/,! &%(!
)*%0%1.,&! 0&! #&6* % (#+/#8&) ,&! )S! 08%! &2+F! 0&! %+#L26&! 02'%! ,&B+&,! %&! %*'(! 0$:&,%))$%! ,&%! L*#27//LH#!
$(+0/$%CIX&)+%! -$(+0&!/'/(/2,&10&!r+!&(12, CAI), +%6/&+#%! 2+ (#&I6!B(+0&%!* (1+(/,/ % RIOEL BRYGEEED0 +!
G_O21)*+#1$:2,+&#! &% : 2#/2(/* %! 0&1) 2B %o +#1 0&%! )$#/*0&%! 2,,2'(10&! 21 0&# [H#8&10$1,26/2(/* ;+%B+-@!

) +%6/&+HIIT],[¥'%10-2"$&IH![1*%6(&H#AIAIOB/) 2(/!& (12, CAIBIQIR, 7&#1& (12, CAIB894B\C!

47



"x+H16&IB+16468H# &) &Y L*H27/'ILH#&Y6!. & (EBBOAIr+12'01?, 0&H#L/&,01[899NI* (1$(+0/$!, &1#2)) *#(1&F/%(2'(!

& (#&),81G_0210&!),+%/&+#%! &%) HE&Y6!& (!, &%!) 2427 H(#8&%6!0+1%<%6(H7&0+!62# . &108%! &2+ FI0&! L*OCIN&+#
217 (HSIB+&) ,-+(/,/%2(/*'10-+'1v x! %)$6/L/B+&!'-&%(1)2%! 2)),/62.,&! 2+F! L*#27/ LH#&Y IBRERA! 62#A! /6/A! &
#2))4#(1G_O21-8%(1)2%!6* (#d,$!+'/B+&7&'(1) 24! &I#2(WG[ZS\Ez!-1SOTEAL0*'6!)2#!,&!)S\AI&(IB+&!, &V

LB2I(1 B! )2 2+6+&1 #&,2(/F) %IT7),&! @' -+ 0&%! O/LLSH&' (%! )2#2TH(#E&Y%! E<O#*1#2)E/B+&%! (&%6($%!
[(&7)$#2(+#&AT)SAIXQOBKYAC! r+1&(1?,0&L/&, 01 (10%'61)#*)*%6$! +'&1 2)#*6E&I &7)/#/B+&!)&HT&((2'(10&!

J&H#1 &G_02108%!L*#27/ [LH#&%! &' (E/B+&%! @!,-+108%!)2#27H(#&Y!0+1%<%(H7&!624.%2(&C!Q,%!* (12/'%/1 7/%!
$:/0&'681 08961 #&,2(/*%! I'$2/#8%! 12'(1,&!G_02108&!),+%6/&+#%! &%)HE8&%! 0&! L*#27/'|LH#&%! .&'(E/B+&I6A! %%+
%+ 77 &(%! 0&! 62#4*((&! )#*:&'2'(10&9%6! (#*/%! 1#2'0%! [ZIRY6S2'/B+8%A! @!,21%2(+#2(/*1 &' /*'162#.%'2(81 0&%!
&2+F10&!L*0A! @Zxyz{I/1+#8&! 4g\C! O&! #$%+,(2(! &% (1 0-+'&! 6&H(2/' &I L2"*'| 6*ESH&'(12:86!),+%6/&+#%! $(+08%!
2'(SHI&HH&Y! B+/12:2/&'(1 T+ (H$S! B+&! 21 %2(+#2(/*'1 08&%! &2+F1 0&! L*0! /'(&#:&'2/(1 02'%! -I'6*#)*#2(/*'1 0&!
B6&H(2/'%! $,$7&'(%! (#26&%! [KLA! J'Al 00! &(! NAI 02'%! 2! 62,6/(SATLHHER.%! [T+%&'(E2,! &(! 2,CAII%0
K2#6E/((*1&(12, CAIS98BIOGIN&2#12'01 T*06&'(E2,AI8990\C

J9MEKB)Ze)@) 02,/ #2(/*'18&7)/#/B+&!0&!Ir+1&(1?,08#L/&,01[8991 7&((2'(1&'1$:/0& 68!, 21#&, 2(/*'| I'$2/#&!
12'(1,&I#2)*H#(1G_02108&! -&%)HB&ILE, &.2&. (4! S/("(04=2BHbRY62(+#2(/*1 &' % 62#.%'2(&%) 08%! &2+F! 0&!

L*0C! N21 0#*/(&! *H#&I HE)HSUO&' (&), 21 HSLHEY Yo/ ['$2/H#&)* (&'+&) Yo+#H! -&'%&T ., &I 0&%! 0*"$&%! [G_D2Z4CAh!F
«OZxyZ+4iiCA\C!
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N-$(+0&!0&!r+1&(1?,0&#L/&,01[8991\21$12,&7&'(17/%!&'1$:/0& 6 &1, 21 L *#(&10/%) 2#/($10&!:2,&+#%!0&!G_O2!1&'(#&!
&1 O/LL$H#&' (&%) &%)HB&Y%! 0&! L*#27//LH#&Y! & (E/B+&%! $(+0/$E&I6A! )&HT & (RS HBE/ BRIE, 8%!

&9%)H68%! @!$(+0/&H &L ¥ GI&LIA_ &+#1#2))*#(1G_O2AI6&I08&H# 1&H#I$(2'(10-2+(2'(!), +%!L26/,&! @!7&Yo+H#EHIB+-/,!
&%(! 1#2'01 &(1 8.1 &+#! %&'%/.1,/($! 2+F! :24/2(/* YolRAYZA! +'&) %&'%%/./,/($! ), +%! 1#2'08&! %/1'/L/2'(! +'&!

78/, &+#&) OILLSHE'6/2(/*' 0&Y%6! :2#/2(1'%! *#%! 0&Y%! #&6* % (#+6(/SOAREC! U/'%/A! &! #2))*#(! G_02! 0&!
-&Y0)HBGR1&, &.2&. (4! S/("(04=20HHEE! O-+'&1)2#(1 &% ), +%6! E2+(&%! :2,&+#%! 0&! G_02!72/%!$12,&7&(! 2!
%&'%l.1 /(B! ,2! ),+%! 1#2'0&! 2+F! :2#/2(/*%! OREZxyzZCR,! 2! 0&! ), +%! -2:2'(21&! O-](#&! +'! L*#27//LH#&!
$)/.&'(E/B+&! &(1%8&H2) (B 7/&+F! @! 7]78! 0&I H&)HS% & (& &%) : 24/2(/* %6l 0&! -&2-+ YL 0&! %62'%! 2:%/#1 $($!

'L +&'6$! )2#! &%! 624#26(SH#/%(/B+&%! 0&%! &2+F! ['(&H%(/(/&,,&%C! N-+(/,/%2(/1 0+! G_02! 0&%! L*#27//LH
&' (E/B+8%! )&HT&(! 0&! #&E*Yo(#-+#&IEAxyZ &(1 )&+(! 06! 0*"&#! 089! ['0/62(/* %! Yo+#! 21 }*%/(/*'! 0&!
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f0917*,_J1\CIU%!62'. &I%&& LN, &IAAAIG_O21#2'18%!LH#*714441(*14gilT7*,_7* AIY/(E!%,/1E(,<!E/1E&H!
:2,4+&%! L*+'01/'1 (E&! Q'0/2'1 Z6&2'1 2'0! Q'0%'&%/2' (E2'! /'t (E&! Y &% (&' "26/L/6! [*&! %/(&\! 2'0! (E&! U(,2'(/6!
%I/(&%C!

G&62+%&I*LI (E&IO/LL&HE 68%6!/1%&21%+H#L26&! E<O#*1#2)E/6!)2#27 S QHRBIVEEAG#81%/(8%! 2'0! (E&/H!
)*(&'(/2,1&LL&B(%!*' | (E&I62#.*19%<%(&TAl,**I/'112(!(E&I%(&20*LIG_O2!L*#!/' (8 (8.16*7) 2#/%*'12)) 8&2#%!

(51 .&I1 21 THH&I #* +96(1 2))#*26E! 2%! (E/%! 2,,*Y%! (*1 *#72 /a&! G_02! (*| *62,! %&2Y2(&H! wCHDE{!

6+0/(/*'%C! 3+6E! 2'2))#*26E! . 206&0! *'I (E&! 6%7)2#/%*'1 LI v /%! %/ 7/, 24! (* %(#2(&1/&%! L*, *Y &O! /'l #&6&. !
%(+0/8%![&CLC!r+1&(12,CAI899i,! I*%(&#! &(12,CAIBI95, I #/)2(/AI 899P\CIV%/ 11 *+#1 7&2%+#&0!G_02!:2,+&%! (*1
Y/(EIWG[ZSN_SOZ{102(2! 0&#/:&0! L#*7IPNZXU" 02(2.2%&! </&,0862y+&%! [FA999\1#2'1/'1! L#*714Cg! (*
8ChAIYE/BE!/%!6%%/9%(& ('Y /(E!(E&!)#&:/*+%1%(+0<!)&#L*#7 &O)BHE 1*% (&#1[8995\CINE&I6R12, +&%!

2H&AIE*Y &:&#A % ,/1E(,<! E/LE&H! (E2MERR&O! <! 1+1&(12,CI[899N\I 2'01#/)2(/1 &(12,C![899p\! .2%6&0! 1

0XY' B8R T78&2%+#&T& (%CI E&I#2(*I WA\ SOZXz{! 0*&%! *(16E2'1&! 7+6E! . &(Y&&'| (E&! %/(&%A! : 2#</'1!
L#+719C9gp! (*1 9C90gC! U%! (E&HE&! %! "1 %<%(&72(/6! O/LLEHE 6&! .&(Y&E&'I U(,2'(/6! %/(&%A! *'I (E&! *'&! E2'0AI 2'0
Q'0*¥26/L/6! %/(&%A! *'! (E&! *(E&H#! E2'OAWERMF 1, < #&L,&6(! (E&! /'(/2,! G_O2! 0/%(#/ . AYIE! vx! .&/'1!
%/1'/L/62'(,<|E/IE&H! [ 2:8#218&12(1 (E&! Q'0/2'1 Z6&2'Al Q'0* &%/2'| 2HBE/)&, 21*1 2'01 Y &%6(&H#'"26/L/6! %8/(&%! [v
F49991#2'1/"11L#*714Cp4I(MI8C\AI(E2'12(1(E&IU(,2'(/61%/(&%! PETIHMC
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(8SNB)ZZ)@<0#*1#2)E/61)2#27&(8H#%! 2(1 (E&! *62(/*' %! *LI6*#&! ()% 2 BE&T/62,102(2!*.(2/' &0! '

R10/1(0!
SSS " 10 " 10 T Mg/Ca sD* T [CO "#!] ) B(OH)E)?/ S.D.* B/Ca S.D* K S.D.*
Core top (a) ' (a) ™ A(a)A ' (;So (mmg\/mo\) (‘.’/o). ;?g)c : ($molikg .SW) ﬁHCO? 8 (%) ($mol/mol) (‘.’/a). (xlOOg) (%)
(mol/mol)
INMD 48 BX-1 36.96 1.19 -0.48 232 4.14 2.0 24.7 302 0.0751 1.3 120 35 1.60 3.7
INMD 68 BX-6 36.47 1.04 -0.27 21.6 3.12 3.0 215 272 0.0666 1.6 118 4.9 1.77 5.1
paleo SU 9003P 36.09 0.84 -0.27 20.7 3.11 15 215 246 0.0629 11 114 35 1.81 3.7
paleo SU 9004P 36.03 0.81 -0.42 21.2 2.87 15 20.6 247 0.0632 11 112 35 1.78 3.7
paleo SU 9006P 35.98 0.78 0.00 19.2 2.78 15 20.3 247 0.0634 1.1 112 35 1.77 37
paleo SU 9007P 35.98 0.78 -0.05 19.4 3.05 15 21.3 248 0.0634 11 117 35 1.84 3.7
paleo SU 9008P 35.89 0.74 -0.29 20.3 2.65 15 19.7 248 0.0637 11 116 35 1.82 3.7
CHO 288-54 35.72 0.82 -2.06 29.0 5.68 15 28.2 292 0.0749 1.4 111 4.4 1.49 4.6
MD 95 2002 35.52 0.56 0.34 16.7 2.19 15 17.6 227 0.0587 1.8 119 35 2.04 39
SLR Station A 35.90 0.74 -2.10 28.8 3.86 2.9 23.9 266 0.0675 37 115 4.9 1.70 6.8
MD 79 255 35.04 0.44 0.44 26.4 3.65 15 23.3 263 0.0682 1.5 149 71 2.19 7.2
MD 98 2165 34.10 0.28 -2.59 29.0 4.35 15 25.2 263 0.0679 3.0 154 35 2.27 4.6
MD 00 2358 34.36 0.31 -1.97 26.1 3.77 7.6 23.7 263 0.0679 3.0 139 132 2.05 136
MD 00 2359 BX 34.15 0.26 -2.70 294 4.64 238 259 263 0.0679 3.0 130 35 1.91 4.6
MD 77 176 32.57 -0.10 -3.02 29.2 4.65 15 26.0 247 0.0681 33 152 35 2.23 4.8
MD 77 191 34.73 0.25 -2.44 28.1 4.54 15 25.7 266 0.0665 3.8 158 35 2.37 52
ERDC 92 BX 34.46 0.27 -2.44 28.2 4.93 17 26.6 279 0.0742 15 137 5.4 1.85 5.6
*S.D. (%) represents: (i) standard reproducibility or the replicates standard deviation if superior to standard reproducibility for B/Ca and
Mg/Ca; (i) standard deviation from the data of the GLODAP sites closest to the cores sites for [B(OH) 11 U HCO"] and (iii) the propagated error

on the calculated K o |

bAZA)(B7JBKSLEKB)S8:;)¢

O* (#2#<! (*IYE2(IE2%! . &&'1* %6&#:&0! . <1%&:&#2, 12+ (E*#% Al (E&HE&!/%!™16, &2#1#&, 2(/* Y E/RR(YEO/!
2'0162,6/L/62(/*1(&7)8H2(+H#&I WAl YE&'12, 1 +#102(2! 2#&! 6+ %6/0&#&0! (*1&(BH#H#8&!gAC! Z', < YE&'I Y&!
%&)2#2(&! U(,2'(/6! 6*4&)%! L#*71 Q'0*26/L/6! 6*#&*)%A! 62' Y &I * %6&H#:&1 21 %/1'/LI62'(! /' &2 #&, 2(/* %El)!
&(Y&&'| (E&!(&7)&H2(+#8&)2'01 (E&! 62,6+ 2(&QIVL! (E&IU(,2'(/6! 6*#&)%!* <! [v xZ>9CIf98"8Ch805, 77!
9COP\A! Y E&H&2%! 1 #&, 2(I* VoI v 2'0! (87 )&H2(+#& L*1*+#1 Q'0¥ 26/L/6! 6*#&*)%C UIRIB&! 6,824, <!
%&&' LT 1+#&IgIA! (E&! Q'0¥26/L/61\k! :2,+&%! L*RFO/1(0! 2#&! %/1'/L/62'(,<! E/LE&#! (E2' (E*%&! *.(2/'&0!
L#*71(E&IU(,2'(/616*#&1()%C!

JOMEKB)eD@) "2#(/(/*' 6*&LLI6I& (%!¥! 2%6! 2! L+'6(/*1*LIB,6/LI62(/*'! (&7)&H#2(+#&C! G,26J! /' &1 #&)H&Y6&: (%!
(E&!,/'&2HH&IHE&Y6%/*'18%(/72(&01+%/'11U(, 2'(/S{BIH#E02 (212, * &V xZ9Cf98"+8Ch805,T219Cop\



bAbA)'B8ISLBK)<8KS6:8LB)96:)f03¢)8ij;)C - )

G&62+%8ID*&Y%! *(1%&&T! (*1.&1 /' J&OI%(#* 1 <1 (* (&7)&H2(+H#E&! Y BB V6/08&H] 11*+#1 &' (/#&102(2.2%E&AI Y &!
F*J&O12(121#8&, 2(1* Y EN) YI(EIWOZXyzZ{Al2'*(E&H#!) 2#27 &(&H YEIBEIE2%! . &&'1 1/:&'1%(#* 11 2((&'(/* "1 #&6& (!
62,/ H#2(/*' &F&HEI%E&Y6! [1*06(&#! [8995\! &:&'! 6'6,+08&0! (E2(! /(! 6%+,01),2<! 21 T*#&! [T)*#(2'(! #*,&! (E2!!
(&7)&H2(+#&\CIB/, 2#,<! (1 YE2(IE2%! ;+9%(! . &&'1* %0&H:&O! L*#! (E&I#&, 2(/* YoE/) Y/(E! (87)&H2(+H&AIILIY&! **J!
2(12,, %+ 6*H#&*)1 02(2! (*1&(E&HA! 1 6,&2#1 #8&,2(/*%E/)! &T&H#1&%! YE&'), *((/'l! G_ORHAL(0! :&#%+%!
%+#L26&! WOZXyz{! [L/G44BIr& (! 212/'Al YE&' %&)2#2(/'1! (E&IZY(E! 02(2! L#7! (E&! Q'0%26/L/6! 02(2A! 2!
%I1'ILI62'(1 /' &2 #&1#&Y%/*'1 62'1 .&! LI(! 26#*%%! U(, Z(MR%&(A! Y/(E! 2! %(#+'1! 6*##8&,2(/*'! 6*&LLI6/&(!
[T8Z9C5\C!

JOMEKB)eZ)@) "2#(/(/*'! 6*&LLIBI&' (%! ¥! 2%! 2! L+'6(/*'! *L! %+#L26&! Y2(&#! 62#.42(&! [*'1 6*6&' (#2(/*A!
&%(/72(&DY/(E! (E&! PNZXU" 02(2! %&(C! G,26J! ,/'&! #&)H#&Y%& (%! (E&! ,'&2#! #&1#&%%/*'! *.(2/'&0! L*# U(,2'(/6!
6*#8(*)%!102(212,*&C
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cA)-9M<EMMP6:

cAZ)067J8K9M6:)6_)B6EK)+LNS:L9<);8L8)I9LG)6LGBK)JESNIMGCHE)H6EBIL6:9<)
=>08)

QLI Y&! 6*%/0&H#! (E&! U(,2'(/6! %/(&YBIHHAE/BE! Y& E2:&! L*+'0! 6*##8&,2(/*%! .&(Y&&' (&7)&H2(+#&! 20!

624 ¥ 2(&I/F A I(E&IF&IE2'0AI2'0lV xAl*I(E&I*(E&HIE2'0AI*+#102(21%E*Y I (E2(I(E&)2#4(/(/*16*&LLI6I& (%o!v

*LI FO0D/1(0! 0&6#&2%&%! Y/(E! /'6#&2%/"1! (&7)&H#2(+#&) 2'0! '6#8&2%/' 1! WOZxyz{C! "E &BIR4 8Bk J6(/'1!
YI(E!(E*%&!*.(2/'&0) .<! r+! &(1 2,C! [BO9i\! L*#! (ERKO/L(0! (&7)&H2(+#& x! #&,2(/*%E/)A! YE/BE! (E&<! L*+0!
2%&01+)* | (E&/HIO*Y" 548162,/ #2(/* Al +(1(E&! (#&'0![ &12(/:&\!/%! 6*E&H&'(IY/(E!YE2(1(E&<!L*+0IL*#! (E&!
#8,2(I*%E/)! .&(Y &&' V! 2'01 WOZXyZ{C! Z+#! #8%+,(%! 24#8&) %/7/,2#! (1 (E&! #&%+,(%! *.(2/'&0! .<! [*%(&#! [8995\Al
2,(E*+1E! Y&! L*+'01 %, /1E(,<! %72,,&H! %&%/(/:/(/&%! [%,*)&%\! (E2'! (E/%! 2+(E*#! 0/0C! "E&! %,*)&%! Y&! L*+'0! 2#&
>9C9f9! 2'0159C99g0! L*#! (E&! /' &2#! #8&,2(I*%E/)! .&(Y&E&AR'0! (&7)&H2(+#&! 2'0! WOZxyZ{A! #8%)&6/(/:& <A!
YE&#E&2%102(2ILH#*7!1*%(&#[8995\!/'0/62(&1%,*) &BHTAMp! 2'019 CI5C!

U%!2, #8&20<1%(#8&%%&01*+(1.<IU, &'12'0!S...'/%6E! [BI48\AIE*Y &: &#A! (E&! Yo (#+' 11 6*##&, 2(/*' | (E2(1&F/%(%! . &(Y &&
%821 %+#L26&! (&7)&H2(+#8&) 2'01 624.%'2(&! /*'1 6+ 6&A(/*'1 72I&%! /(1 0/LLI6+ (! (1 %&) 2#2(&! (E&/H #&%)&6(/:&!
&LL&6(%! YE&' 082,/'1! Y/(E! F<! 62,/ #2(/*'! &F&HB/%&Y! .2%&0! *'1 6*#&! (*)] 72(&#/2,C! "E&Y%&! 2+(E*#%!
)2#(/6+, 24, <1%(H&Yo% &0+ (1(E/%!)#*. &TIY/(E1#8&%)&6(1(*I(EQIW*H#(EIU(,2'(/616*#&! (*) %! +%&0!. <IB&(12,C![89
(*162,/ #2(&R¥L/"2&..(412'0! R1&:3% $HB1 +#8&G8\Cl

J9MEKB)eb)@) "&7)&H2(+#8&12'0162# % 2(&1/*'1: 2, +&YIL*#16*#&*)1%/(8&%! %6(+0/&0! <! 'RH[89I5\I2'0lr+!
&(12,CI[BI9NA*((&O!Y/(E! 7*0&H# 1682 1#2)E/6102(2!L#*7I(E&!+))&H14997 I*LI(E&IY 2(&#16*,+7'CIG&62+%&!

(&7) &H2(+#8&) 2'0DZXY L6 6& (H2(/* %! 2481 Yo (#+'1, <! #&,2(&0! 2(1 %/(8%6! +%&0! .<I1+! &(! 2,C! [899I\A! (E/%! 6,&24#,<!
BH#8&2(8%! +'B&H(2/' (<! H#&12#0/'L! (E&I#&Y0)&B(/: &1 #* &I *L1 (&7)&H2(+H#8&) :8HYo+%! 624.%'2(&! <1+ (E&I 6*'(#* 1L
G_021/'),2 (¥ I6IL*#27//L&#2Q
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/1+#8&1gf 10/%), 2 %! 2! 6#*$06! *L! 624.%'2(&! /*'1 6¥'6& (H2(/*'%! :&H%+%) %&2! Yo+# 268! (&7)&H#2(+#8&%! 'l (E&!
U(,2'(/6!2,*&AI*1 ()1 *LI YE/BE! Y&! E2:& E/1E /1E(&O! (E&! 02(2! 6*##8&%)* 0/ 1! (*1*+#1%/(&%C! U%! 62'1 &1 %&&!
L#*71 (E/%! LI1+#&A! Y&! E2:&! (E&! %27&! 27./1+/(<! (E2') r+! &(! 2,! [BOHR /(! 6*78&%! (*! %&)2#2(&! (E&!
#8&Y60)&6(/:&! &LL&B(%! *L! (&7)&H2(+H&IZBYE! G_02! ['6*#) #2(/1 ' R¥0/1(0! 0+&! (* (E&! %b(#*'1!

64448, 2(/*).&(Y&&'|(E&TCIU, (E*+1EI*+#1%/(&%! 2#&1 7*#&1Y/0&,<10/%) &#%&0! /'l (E&!U(,2'(/6!26&2' (E2'| (E*%&!
+06&0! <! 1+1 &(! 2[BINA! (E&! Y6(#*'1! (&7)&H2(+HHOZXYLH&E, 2(/*%E/)! [TBZICE5\! 72J&%! /(1 I7)* %%l (*!
6+'6,+0&12.*+(I(EQI&F26(1#* &I*LI(E&Y6&! (Y*1) 2427 &(&HY6I*|(E&I/ 6H)*#2(/*' I*LI *#*'IRH0/1(0C

JOMEKB)eC)@) X/%(#.+(/* 1*LI62#.%2(&! [16+6&' (#2(/*1 2'01%2,/'(<1 29%! 2 L+'6(/*1 *L! (&7)&#2(+#&! 2(!

897! *L! Y2(&#! 0&)(E! /'l (E&! "*#(E! U(,2'(/6C! P#&<! 0/27*0%! /'B2(&%! (E&! PNZXU"! 02(2A! #&0! %B+2#&%!
+0&#,'&%! (E& PNZXU"02(21 2(1*+#1 6*#&1%/(&%! [/'6,+0/' 11 (E&! Y 247 &% (| 6*#&A| @BPIBRE&! O2#/..&2"!

3&2\C

CAb)uGF);6)LGB)#:;6*8<9_9<)(;BJ8KL)_K67)LGB)+LN8:L9<);§L8a

Q(1/%!)+aa, /"1 (E2(1G_02! 7&2%+#&BFOIL(0! 2(1 *+# Q'0%26/L/61 %/(&%! 0%1"*(1*:&#,2)! Y/(E! U(,2'(/6! 02(2!
YE&'! 311 2(1 (E&!V X! #&,2(/*%EN%! Y/(E! (87)&HBHE! *# 62#.%2(&! [*'I [I/1+#&%! g9! 2'0! gAC! E/%! /%!
2))24#8&'(,<! N 6*'L,/6(1 Y/(E! 6*#&! (*)1 02(2! *.(2/'&0! LH*7! 1*%(&#! [8995\CI "E&! E/1E&Y%(! G_02! 212, +8&%!
L*+'01 /'l *+#1 02(2%&(! 2#&! (E*%&! *.(2/'&0! *'1 6*#&! (*)%! L#*7! (E&! Q'0/2'! Z6&2'! 2'0! (E&! Q'0*&%/2'!
UHBE/)&, 21*Al Y/(EXV[FA999\!:2,+&%! : 2#</"11 /') (E&! #2'1&! ACEBICTiC! UBE*#0/ 1! (*1 (E&W | #&,2(/*%E/)!

* (20'&01.<I1*%(&HI[BII5N! F*#1266*#0/ 11(*1(E&IHE, 2(/*YE/)Y &I0&H/: &OILH*TI*+#1U(,2'(/61%/(8.%6!H (B&%&!
B6*H#&) (*) %! %E*+ 01 E2:&1)#*:/0&0! *Y &2 +&%! [FA999\A!/'| (E&!#2' 18 ATDIC! Q(1/%!/7)*#(2'( (I'*(&! (E2(!
[*0%(&H#1[B99E\I*' <1+96&01816*#&!(*)%6!L#*7I(E&!"26/L/6!/NE/%!Y*#J12'01 &IL#* 71 (E&IQ'0/2'1 Z6 &2, &1%/F!
*LIE/%!9%/(8%6! 2#&IL#*TI(E&IU(,2'(/61Z6&2'CINE+%AIE/%! 1 *.2,162, /. #2(/* | &F &#6/%&172<12))&2#1%*T&YE2(1./2%&(
(Y 2#0%! (E&! U(,2'(/6! 6% (#].+(/*! 2'0! (E&! ,26J! *L! Q'0/2'1 %/(&%! /'l E/%! 02(2%&(! 72J8%! /(! /7)*%%/.,&! (*!
6+L/0&(,<1200#&%%!(E&!/%%+&*LIBIBYE2,*+%! RI0/1(0!IG_O2!/'|(E/%!*6&2'C

3E*+ 01 Y&I&F6, +0&! %6+ T &ILI*+#1%/(8%! L*#! (E&! 62,/ #2(/*'| &F &#6/%&ul Q' (E&H! Y *#0%AI 248! (E&#&1 2'<!*.;&6(/:&
101 #82%* %! (*1%+%6)&6(1 (E2(1*+#102(21 L#*7! (E& QIR &%6/2'1%/(&%6!2'0! (E2(! L#*7! (E&! Y &%6(&#'1"26/L/6
2H#&1%*T &E*Y.[2%&0A12'0/LI%*Al(*IY E2(1&El&(
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P13-+*):81 8) BQ8INSSINSH FE&! PNZXU" 02(2.2%&! /%! * &1 *L1 (E&! 7*%(1 6*7),&(&! 62#.*'1%<%(&7!02(2.2%&!

L*#! (E&! YE* &1*6&2'Al <&(1 (E/%! %&(1*L102(2! /%! .2%&0! *' 7&2%+#&T &' (%! ) &HL*#7&0! 2(1 0/%6#8&(&! %27),/"11 %/(&
2,411 * <1 21 L&Y! *6&2*1#2)E/6! (#2'%&6(%! [I/1+HENC! "E&! E/LE&H! %27),/'1! #&%* +(/* 'l (E&! U(,2'(/6!
72389%6!/(1)*%%/. &) (*IL/'0V E<O#*1#2)E/6102(2! (E2(1 2#&I#8&, 2(/:&, <16, *%&! (*1*+H# 6*#&1 %/ (86 CYQENE&AD'0*
E*Y&:&H#AI (E&! T+BE! *Y&#1%6)2(/2,! 6%:&#!2'01 6*298@RY(* %! *L (&' )#&:& (! (E&! +%6&! *L1 21 7&2'1 L1 6, *%&%(!
%/(&%6CIS&'BEAIL*#196*7 &I 6*#&1%/(8%6!%/ (+2(&OH&, (114126, (BREIA!Y & E20! (1 +%& (E&1%27 & WG[ZS\EZ!-!
SOZxz{!(*162,6+,2(&! (E&M2, (E*+1E! (E&Y6&1%/(&%!0/%),2<&0!:&#<!0/LUEABR GPORCIAE/%! /%! (E&!62%&AI L*#!

1'% (2'6&AI*LI6*#&%IKXBE5AIKX98fgp!2 0IKXp5 38400![(2.,&144AIL/1+#&NGHK*HE* &H#AI%*T &IYR&SH

%ol(+2(&0!: &H<IL2# L#* T (E&IPNZXU"1%(2(/* %A1 2'01+%/' 1121 7&2' I L*#1 (E&%&1%/(8&%!62'1,&20! (*121%+.9%(2'(/2,1./2%
*1 (E&! &%(/72(&0! WG[ZS\(Ez! ! SOZXZ{C! S*Y&:&#A! 2,(E*+1E! Y&! 62"*(1 &F6,+0&! (E2(! (E&! )*#&#) 6*:8&#21&! *L!
PNZXU"! %/(8%! 72<!),2<! 21 #* &1 /'l (E&! +'6&H€R2 2%69%6+6/2(&0! (*W&%6(/72(&%! 2(1 *+#1 Q'0/2' 2'0! Y &Y6(&H'!
"26/L161%/(&YAl/(1%16,&2#1 (E2(1 &HHHBI I HEY6(17*%(,<I+)* |E/LE&H T&2%+#&O0IG_021:2,+&%!2'01'*(1*1

2572 *+%,< *YIWG[ZS\Ez! —! SOZxz{C! "E+%Al /(1 /%! +',/J& <! (E2(! (E&! PNZXU" 02(2! 22F P2/ (E&!
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) % ($HI&+HETIH! 2! '&) %*'(1)2%! JH$%& ($8%6! &' #2/%*'1 0&! 2! J#$%&'6&! 0-+'&! (+#.23/(84*77&(1 0&! 2!

B2+ (8B (#8447 &(1887! 67 QI*+U0&I 7 (HEH* %! 2+6+'&! 0*"$& 1)*U($H#/&+#&!@!51J2102'%!,-&'%&7.,&08%!
&'H&LI%(HE&T & (YoHBJ#HYBC

WH+0612:4061 7&%+#$1 &1G_021&(!,&! KDSDPISEE2'(/,, %! 6*+:#2'(1,21)$#/+0&) &' (#&! 5121 &(1ThI2!G" AN 2!
TS(E*0* *1/81%+/:1&))*+# &% 2'2,<%&%!0&!G_02AIK1_02!&(!jkmZ! 0&R*EVA)GEE/(&A! %& Yo+ Yo (#/6(\!
0&!,21L#26(/*18g4g! 171896 (10$(2/, $&102'%!, 2196&6(/*'1 72($#/&,1&(17$(E*0&!0&!6&!6ER)/(#&
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bA)&MENLBLM

bAZA)067I6M9IL96:M)IMELBIINEBM);E)<8KS6:B)BL):B)NR60OFMR:B

N&Yo! :2#/2(/*'%! 0+ jkmZ! &(! 0+! jKIO! 0&! ,-&I6RIBBIL(0 %' (! }#$%& ($&%! 02'92! L/1+#8&I9C! Kl 0&#' HH#E&!
0$1,26/2(/*1%-<!72#B+&!./& CYNKkMZ!86#*—(10RC0"| @ M Ci1&'(#&!,40CglJ2! &(,48CglI2A1+/%I0$64#/(1+']
)/6112:86108%!:2,&+#%!), +%1)*%/(/:&%!0&!,-*H#O#EEDEAI48C Q! &(144Cgl J2AI6&IB+/16*##8&%)* 01 @!,2!)$#/+0&!
L#*/0&I0+1r+' L&HI XH <296 CIN&!RBE*/ (B Vo+/(&10& *+:82+1;+%6B+2WBY6&! 0&5* *6H'&!*M!/,12((&/' (D&%

2, &+P612+(*#08&), MCp“CIN&IKIOI7* (#&!)*+#1%621) 2#(1+'&IL2/. &I0$6#*/%BRI0KICG [ :2#/2'(! 0&19Cp!
@!9Ch*\I&' (#&145CHI&(IpCilJ2A12:2'(10-2+17 &' (&#1#2)/0&7 &' (1;+%B+-@!, 9CHH0$. +(10&! -S*, *6 H'&q!

JOMEKB)K))@) ~2#/2(/*%! 08&%! 6*7)*%/(1* %! [%*(*)/B+&%! 0&! ,-*F<1H'&! &(1 0+ 6RH0..! ,-8&%)HELOPITD!
Vo-+#1, 21624+ ((&IKX!ip! Bg2-+16*+#%10&!, 210&# [H#&10$1,26/2(/*C!

bAbA)-6::\BM); B)=>08)BL)?m>08)6SLB:EBM)RHZKS58)8:M)N8)<8K6LLB)?-d¥ed)

N&YI#$%+,(2(%!0&IK1_O21&(1G_O21%* (1)#$%&'($%!02 U ZINRHKE] O217* (#8&!+'&12+1&'(2(/*'10&!,2!
(&7)$H2(+#&! @!)2#(/# 0&! A5I2A1 )+/%! %&! %(2.1,/%&! &' (#&! 4hCg! &(! 48Cg! J2! 2:2'(1 0-2+17& (& 0&! "*+:82+!
+06B+-@!,-S* *6H'&CIN&IG_O217*(#&! +/1+'16*7)*#(&7&'(10/LLS#EIIG_02!0$6#*—(10811@!,45J2G"!
+0bB+-@! Afgt7*,_7* Al 2:2'(1 0-2+17&'(&#! #2)I0&7& (! 1+%B+-@! ,40917*_7*! @! 4hCg! J2C! N&! G_02!
O/7/'+8&) &'%+/(&! #2)I08T&! (! ;+%B+-@! #&(H*+:&H#! &) T]78&) '[:&2+! B+-2+ T2F/7+7! 1,26/2/8684 4fg!

t7%_7*C1
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JOMEKB)KZ)@) 2:*,+(/*10+1K1_O21&(10+!G_0212+6*+#%10&!, 21 0&# [H#&! (#2'%/(/*11,26{2&48L, 26/2/#&C!
NEYBHHEI60-EHHE+HIHE)HSY & (& (1, 21#8)H*0+6(/:/($108%!%(2'0240%![4Cg ) *+HIK ICG)BHHIG_O2\C

cA)-9M<EMMP6:

CAZA)1BM):9_ \KB:LBM)\L8JBM):B)N8)KB<6:MLKE<L96:)5)BENBSEO):B)MEK_8<B)v)
J8KLIK):E)=>08)7BMEK\)MEK)_6K879:9 RKBM)JIN8:<LB:9"EBM

)

NE&IO/LLSHE' (8%6!B(2)&%!)&HT&((2'(!, 21HE&6* Yo(#+6(/*1 086D SEEY6! &2+F1081%+#L26&1%* (1, +%(#$&%6!02'%!
21 L/1+#&1 08A! &(! 056#/(SIBPEYL*+ Y% CARIG % (#+6(/* 0&%! )2, $JS! @! )2#(/# 0+ G_02! 0&%! L*#27/'ILH#E&%!
),2'6(*/B+8%! '$6&%%/(&! &1 &LL&(! ./&'1),+%! B488&2+ &) 7&%+#&! 0+1G_O2C!N&! #2))*#(1G_02!'&!)&#7&(1 0&!
HE&E*Yb(H+HE) B+&! &) #2))G[ZS\Ez! —! SOZRA ,-&2+! 0&! T&HA! :/2! -+(/,/%2(/*'! 0%! [BL! BE2)/(#&!
JHS6S0& (\CIZHAIB*TT&I+0%!,-2:% %! +1)H$6S0& 778 (Al &W%6&T ., &I (H&IL¥6(/*10&) 21 (&7)$H2(+HEAL /&)

B+&!), +%6/&+#%! 2+(&+HI6 ! (I* %&H:$10&% (&'02'6&%6!6* (#20/6 (*/#EIAR(REMHIR+17&' (2 (") 2(11&(!
2,CAIB99P\A!(2'(d(10/7/+2'({[1*%(&H#AIBII5\! *#06B+&! 21 (&7)$H2(+#8&1 2+178& (&CIK2, 1#$! (*+(Al, 21 (&7)$H2(+#&!
&%(10%'6! +'&! 0*"$&! &%& (/& &! @! 2! #&E* Y (H+6(/*'| 0&IH)SEIY'! &%6(/72(/*1 $(2'(1 #&'0+&1 %%, &!
)2#1,2178&%+#&I0+IK1_@21,216%+#.810&162,/ #2(/*1$(2.,/1&!)2#1U'2'01&(12,C![899M
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JOMEKB)kb)@) 36E$721#$62)/(+,2(/L!08%!$(2)8%!'$6&%%2/#&Y%! @ ,-* A&)THED ) 24(/# 08%! 7&Y%o+#8&%! 0&!
G_O2AIK1_O2!&(!jHZ &6!7/%8&!18'1$:/0&'6&!0+1#d,&!16,$!;*+$1)2#!, &Y61H#&E* Yo (H+6(/*' %! 0811 (&7)$#2(+#E&! &(10&!
%2,/'/($1%+#!,&162,6+,10+1)SC

V'&I&I6(IT2(/*'1 H$6/%8&! 08&%!)2 S8 T)$H2(+#8%! &% (1$12,&T &' (| &Y%& (/& &1 )*+H +'&! Y &6TBEIHE &%

6% (2'(&%! 0-$B+/,/ #QF+#1 21 %6)$6/2(/*'1 O+ 62#.%&! 02'%! ,-*6$2'l Ve 4! &(! veg! 0&! K&E#.26E! [4pif\Al
H2;+%($86! ) 241 XI6J%* &(1 K/, &H#*| [ADSNRA/! B+&1 21 6%'%6(2'(&! 0-$B-+/,/ #8&) Y +#1 21 %)$6/2(/*'1 0+! *#&!
02'%!,-*6$2'Iv< cl 0&! X/6J%*' [App9.\ A6 (1 (*+(&%6! (#+/%! 0$)&'02'(8&%! 0&! , 2! (&7)$#2(+#&AI &(1%* (1$12,&7&!(!
'$6896%62/#8%! @! 21 H&E*Yo(H+6(/*'1 0+YBBIWS2' 7*/'V%A! 21 (87)$H2(+H#8 %6&+,&1'-&%(1)2%! %o+ LL/%2' (&1 1)*+#!
6% (#2/'0#&! 6&%! 6+'%(2'(&YA! 624! &,,&%! 0$)&'0&' (! $12,&7&'(! 0&! ,2! %2,/'/($C! N2! %2 BB &RA((!
IT)44(2'(&) ) +#162,6+,&#! 2! 6*'6&'(H2(/*) (*(2,&! &'1$,$7&'(1 *#8& 102'%! ,-*6$2'| GAI 6&((&! 0&H# H#&! $(2'(!
YR8, &1@,21%2, /' ($I[N&&!&(12, CAIBI49\C

"r GG U (HHHE! &Y01) 2:862, /' ($%61 081 Yo+ H#L26&A!*+961 2:% 061 +(/, /%$!, & KM Z! 7 & RHHBAUGHER!*+#16 &, 2A!
02'%! +'1 )#&T/&H! (&7)%! [$(2)&! A\A! *+%! 2:%%! 62,6+ $! 2! :2#/2(/*I1E*.2,&1e! 0&! %2,/'/($! O+&! 2+
BE2'1&7& (10+1:%,+7&108%! 1,268%! &'1+(/,/%2'(1)*+#16&,2! -&'H&1I%(#&T&' (11,*.2,/]kmZ!0&!S2&, #*&6J1&(12,C!
[8998!,kmZ\C!X2'%! +'10&+F/H7&! (&7)I5(2)&! 8\AI'*+961 2:+06162,6+,$!,&196/1'2,10&!jkmZ! *62,108%6! &2+F!0&!
%+#L26&! [jkaad! 2+! %/(&! KXip8gil &' 6*##/182'(1,&! jkmZ! 0&R!0/1(010&! -&LL&(! 0&! (&7)$H#2(+#&162,6+ 3! @!
)2H#(H#10+IK1_O2CIU)H#H%!/'(&H)* 2(/*12+17]7&1) 2961081 (&7)%!"*+%1 2: %! %o*+ Vb (#2/ (| DBBEH( & jkmZyl, 2!
B6*+#.&1]KMZ! 1,*.2,&CIN2!) 24(/&! #$%6/0+&., &1 2/'V6/1 *.(&'+8&! 6*##8I6)*'01 2/ %/t 2+F1 6E2' 1&7 &' (%! #$1/*2+F1 0&!
YHSBNI(2(/%_$:2)*#2(1*1 &(1)&+( J(H&! 6% &H#(/&! &' BE2'L&T&' (%! 0&! %2./1($! &'t +(/,1%2'(! ,2! #&,2(/*"
#$1/%2,&) &T)I#IB+&! 12'(1 %2,/($! &(! kmMZ! 0&! -&2+! 0&! 7&#! )*+#! ,-Z6$2' Q'0/&' #)/62,! [N&1#2'0&! &(!
36E7/0(A!89941C

N&Y6! BE2'1&7&' (%! (*(2+F! 0&! 9%62,/'/($! %*'(1 *.(&+%! &' L2/%2'(! ,2! %*77&! [\l 08&%! 6E2'1&7& (%! 0&! %2,/'/($!
&%(I7$%!@!,-$(2)& A [&LLE&(!1,*. 2 &1/, &% 6E2'1&7 & (%! *. (&S DYBABIE: 24/2(/* Yo H$1/+'2, 89610+ ./, 2')
$:2)#2(/*_#$6/)/(2(/*\C! !

13¢



PLIAL 21H&E Yo(#+6(/*'10+!)SI'$6&Y6%6/ (8! 0-*. (&' H1 +1%&6* 01 2427 H(#&! 0-+1 %< (RIGLH.* 2(8302'%!
*6$2'C12'1&LLE&(A!, &!%<%(HT7&I62#.%&102'%!,-+6$2'16*7)*#(&!%/F!: 2D RUS OL%oAl OZXy PR E0* 61, &
)S\AL-2,62,/'1($! &(!,&! XQOC! U:&6! 08&+F! 0&! 6&%! :2#/12. &%Al /.1 &%(1)*%6%.,&! 08! #8&6* Yo (H#+/#&! 6E26+'& 0&%! B4
2+(H&YLC! " +#1 (*(2,&7&'(1 6 (#2/'0#&) 0&! 6<6,8! 0&! 62#.* &AI) +06/&+#%! 2+(&+H! *(1 +(/, /%! 6*'*/'(&7&'(! ,&!
G_021&(!, & KKGRIBSH'/&#!)&HT&((2'(1+ & &%(/72(/*1 0/#&6/(&! 0+!) S [I*%6(&#A! 89S ... /%6E! &(12,CAIBIIP\C!
WS2' T+ %AI&,-2. %8 6&I0&IT &Yo+H&!IYo*(*)B+&I0+! FH&IVo-+#1*(H&I 624 (8B, -*. (&' (/*'10+1%&6*0!
)2#2TH(#&!0+16<6,&!0+!62#.* &1 8%(1),+%! O/LLI6/,&! &(1), +%! EARHEES! U/'%/Al r+1&(1 2, CAI[BI9IN! &(1"#/)2(/ &(!
2,CAI[BIIP\I*'(1+(/,/%$108%61#8&,2(/*' %!, *62,8%! /2! (1962, ($1&(12,62, /' (B)*+#1 &% (/7 &H! &%6!: 2#/2(/*%10-2,62,/'/($!
02'%!,&!)2%%$! [@! ,-2/0&! 08&%! 6E2'1&7&' (%! 0&! %2,/'/($! 0%'(1 *+9%6! :&'*%! 0&! :*/#Al ), +%6! E2+(QIBHI7&
)&+:& (1 (#E&! *.(&'+I0\C! O&((&! #8,2(/*'1 &I6(1 .2%$&! Yo+# 21 L*#(8&! 6*#HS, 2(/*'1 )*%/(/:&) * %&#:$&! 26(+&,,&T& (!
&(H#&! -2,62,1'1($1&(1,21%2,/'1($10&! -&2-+10&! 7&H! [L/ DEMRIG(1&'1L2/%2'(! -E<)*(EH%&! B+&! 6&((&!#8&,2(/*'1 &% (!
HE&Yo($&!,217]7&102'%!, &1) 2% % SBIHEE* Vo (H+/#&!, &Y6!: 24/2(/*%10-2,62,/'/($! @!"*(#8&! Y6/ (&1 0-$(+0&AI *+9%6!12:+'%p!
2)),/B+$!, 21#8,2(/*'1 *62,8126(+&,,&!,/2'(1%2,/'($&(12,62,/'/($!2L/"10-&Y%6(/7&H! , &YE26R: '/ ($%! @!)2#(/#10&!
*061)2,$* 962, //($%![1/1+#&F \Q!

JOMEKB)KC)@) T&,2(/*1 *62,&! &'(#&! %2,/'/§! &(! 2,62,/'/($! 08&%! &2+F! 08&! %+#L26&! 2+(*+#! 0+ 62'2,! O+!
K*a27./B+&AI.(&'+&!@!)2#(/#108&!,2).2%&10&!0*"$&%!PNZXU"I[v&<!&(12, CAI899h\C

ey f] HEEH Yo(HHIHE) *%! )2, BASA! *+06! 2:%061 06! 6*7./'S! ,&Y%! $B+2(/*'%! %+/:2'(8&%! 2:&8]&! #2))*#(!
WG[ZS\EzI-ISOMBE-&! 196/7),ILI&#21) 2412 A1162,6+ S @) 24(/#10&),21 7 &% +#&I0&IG_021)2#1,&1.12/%!08&! ,-+'&10&%!
62,/ #2(I* %! 0&\WI&F/%(2'(&%C

> 3<U(H7&I0+I62#.+8l=
Acs Z[HCOE] +2[CO§N] +[B(OH)T]! [8\!

K*:Mu ! [\ !

* [Hed]
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> 3<%(H7&!0+!.*#&

= [H+][B(OH)§']”' h\!
"= aom),] " [h\!

B, =[BlOH),]+[BOH): ]t 1y

N2172'/)+,2(/*10816&%! $B+2(/*'%!)&#7 &(10-*.(&'/#1+')*,<'d7&I0+1%&6*' 01 0& LHSAI 0 (1, 21#26/'&1)*%/(/:&!
&96(1,216%6& (H2(/*1& 1 %IWS{AI*/(1*(#&)) SI[K+E* & AIG*7T7+162(/*1) &#%*"&, &\ 2

e i ] 2B o
B B

OFTT&I*+0%6! -2:%% L:+Al(&7)SH2(+#&&(1%2,'($!%6* (10896! B+2'(/($%! 86%& /&, &Yb! Y*+#1 21 #&E* Yo (#+6(/*10+]
)2,&* YS! 08%! &2+F! 0&! %+#L26&A! &+#! OS(&HTI'2(/*'1 Y#S$6/%&! $(2'(! 'SE&YY62/H&! Y +#1 I&') 6% (H2'0#&) &%)
606(2'(8%610-$B+/,/ #&Y6A!, 216%6&' (H2(/*' 181 *#&) (*(2,1*+1&'6*#&162,/1($Q!

JOMEKB)KN)@) ~2#/2(/*'%!0&!, 21 (&7)$H2(+#&1&(!,21%2,/'l($! 2+16*+#%1 0&! , 2| 0&H [HH#&I0$1,26/2(/*' Al 6*##/1$&%!
[ &\ *+1 %1 61 $& %! [#++18&\ 0&! ,-&LL&(1 0&!,21%62,/'/($! Yo+#! &I K1_O2! [6*##&6(/*' &LL&B(+$&! &' %+/:2'(! 2!
YHFBS0+H#&I)H*) % $&!) 2#IK 2(E/ &G, 2#0!1&(1 G 2B*(AI899p\C!
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K2(E/&' 5G2#0! &(1G2%%/*(1[899p\I (1 7 (#$! B+&!, 21962, /'/($! %&7.,2/(1/'L +&'6&#! &1#2))#(IK1_O2A!6&! B+/!
)&+(10%'61 15 SHEH! +'1 L*#(1./2/%! Yo+#1,8%! &Y% (/72(/*' %! O&IYRBISH2 (+#&%! 4% 0&! (#2'%/(/*%!P_QP!*M! 2!
%2,/'l($!: 248! L*#(&T&' (1 %o+ (&ITBL* (&1 0&%! 1,26&%C! O&! 62%!%-2)),/B+&! (2778 (| @!"* (H&! #&E+ U3EH+6(/*
BH(ET)BH2(+HEILVE! - 1$&Ue! %&7.,&'(1 6,2/#&TE&'(! &HH*'$&IC! 2,,8%! &I (H20+/%& (Al *#%B+-&, &%! %*'(!
6+7./'&%! 2+F! 0*'$&%! 0&!jKmMZA! )2#! 0&%! :2#/2(/*%! *62,8%! 0&! %2,/'/($! 2<2'(! 0&%! 27),/(+0&%! (#H%!
25472, &78&'(1$,&:$&%![,-27),/(+0&! T2F/72,&108%! : 2#/2(/*'%! 0&1%2, /'l ($! &% (1 2/'%/1 0&! -*#0#&I0&! g*1 %6+#! 2!
)SHI*0&! 6*+:&H (&) )2#! *(H&) &HELIVH&T&! (A 2:&6! 0&%! :2,&+#%! 6+,7/2'(H@! :&# %! fhJ2! &(! B+/!

O/7/'+&'(! ;+%B+-@! 2((&/'0#&! If“! 2+1 0$.+(! 0&! -S* *6H'&\C! X&! (&,,&%! 27),/(+0&%A! 6,2/#&7&'(! (#*)!
$,&:$&%6A! %&! (#20+/%& (1 & %+/(&! $12,87&'(1) 241 08%! 27),/(+08&%! 0&! :2#/2(/* %! 08&! -2,62,/'/($! 2'*#72,&7&'(!
I7)*4(2'(&Y%C! W*+%! 2:%%] 0*'6! BE*/%/! 0&! BIH&H! ,&%6! &%(/72(/*'%! 0&! (&7)$H2(+#&! %+/:2'(! 2! TH(E*0&!
0$6#/(&!)2#! K2(E/&G 2#0! &(! G2%%/"*(1 [8I9p\CIN&Y%! O/LLS#&'68%! &' (#&!,&%! &%(/72(/*'%! 0&! (&7)$#2(+#&! &(! 0&
%2,"1(SA! %&*'1 -2)),/62(/*'1 *+1 | 0&! 6&((&! 6*##&6(/* 0&! -&LL&(! 0&! ,2! %2./'1($! %o+#! &! KB Q2A
HR)HSY0& ($&Y61%+#1,21L/1+#&I0hC

CAA)8<6:MLKE<L96:):E)JSN\BB)SE)MILB) )Y, bed @)97J8<L):B)N8)<8NISK8LIGE:):E)
J8K87RLKB)Q)

N-+(/,/%2(/*'10&!,-+'&!*+1,-2+(#8108&%! 62,/ #2(/* % | QBHY) *%S&Y6!) 241 1*%6(8H[8995\I &(1"#/) 2(/ [BIIP\AI 2:&6!
&%! 7]78%! &%@U*%! 0-2,62,/'1($! &(! 0&! (&7)$H2(+HE&A! T+ (#&! +'&! (#H%! L*#(&! O/LL$#&'6&! (2'(! 02'%!
S +(F1B+&102'%!,8%6!:2, &+#%! 2.%6* +&Y6| 0& VY BEE* Yo (#-+/(% 2+16*+#%1 0&!, 21 0&H /H#&1 0$1,26/2(/*1 @!
)2#(I# 08&%! 0*"$8%! 0&! G_02! 0&! 2! 62#*((&! KBGl [I/1+#&! 0g\CNEIBB+2(/*%! 0&! 62,/ #2(/*' 0+! !
L¥6(/*108&),21(&7)$H2(+H#&IB+E&!™+%612:%%!+(/, /% $&Y6!/6/1%4*(

> 1*06(&#1[8995Y=I%!ZEOCON55!1s18CpOiil ABZ9Ci5! [i\ !
> A#))2(/1&(12,CI[899pF I Z19C8441&F)[9CI0hIMN\BRFC 4! | [5\!

N&! )S! #&6*%(#+/(! @! ,-2/0&! 0&! ,2! 62 F#2(2S3,20( ! 0&! /)2(/! &(! 2,C! [899p\! 7+ (#&! +'&! :2,&+#!
#8.,2(/:&78&'(1%(2.,&108&!,5Cg9N)&'02'(1, 2!)$#/*08&11,26/2/#&AIB+/10$6#*— (|, S1HH&T &' (| @') 2#(/#10&), 45J2A12:2'(!
0-2+17&'(&H! )+/%! 0&! O/7/'+&#! 0&) *+:&2+Al @!)2#(/# 0&! 4hCg! J2A! ;+%B+-@! +'&! :2,&+#! 0&! HCHBC! U:&
62,/ #2(/*10+1v xI0&!I*%(&HI[BIIB\A! 216%+#.&I0&!)SI*.(&'+&I T (HEAI&, &Al+'&! $1HHEI0S6H#*/9BIBOEDH!
0&,21)$#/+0&!1,26/2/#&A12:&61+'1)SIB+/1$:* +&!0&I5[EHRI\! @ !5+ (*+#10&1451I2012:2'(10-2+17&'(&#!@!
)2#(/#10&145121;+%B+-@12((&/' 0#& BB CglI2CIN&!)SI0/7/+&1&'%+/(&!;+%B+-@!,5C89!@!,-$* *6H'&C

141



J9MEKB)Ke)@) T&6*%(#+6(/*'%! 0+!)2,$HS! 2+! 6*+#%! 0&! 2! 0&H#H#&! 0$1,26/2(/*Al &' L*6(/*1 0&! ,2!
62,/ #2(/*10&!V xI+(/,1%8C! ?'1#*+1&AI 2:861,2162, /. #2(/*108I0& M) 2(/'&(12,CI[BIIP\AI&] . &+!, 2162, [(#2
08&!1*96(&#1[8995\C

cAA\)%__BL);B)N8)LB7J\KSLEKB)MEK)NBS)KBXEEVLKEYLM

N-+(/,/%2(/*'! 0&! O/LLSHE' (&%! 6*+#.8%! 08&! 62,/ #2(/*'| Q&Y L¥6(/*1 0&! 2! (&7)$H2(+#E&! T+ (#&! 0&%!

#$%+, (2(%! (#HYI0/LLSHE (%1(2' (181 (8HT &I0&):2, &+#%!12.%* +&% | 0&H S (BHEANSCIU/ %/A! 8%!)2,$)S!
H&E*Y(H+/(%12:861,2162,/ #2(/*10&INH) 2(/1&(12,CI[BIIP\! 7+ ((HBD&IE 2+(8%!:2,&+#%!0&!)SI0&! - *#0#&!0&!5Cg!

@! 5C0! [L/1+88AC! O&%! :2,&+#%! 0&!)S! %*'(! /&), +%! E2+(&%! | B+&! 6&,,8%! 26(+&,,&7&'(! #&'6* (#$&%! 02'%!
-*6$2'AB(I B+/1%*'(0&! ,-*#0#&! 0&! 5CAp! 02'%6! ,&%! &2+F! 08&! %+#L268%! 2+1'/:8&2+10&! 21 62#*((&! KX!ip! 8giC!"2#!
6% (HEAIF1* %68&H: &I +'&): 2#/2(/*108&!1)SI08&! -*#0#&10& 9CAA! +'/($%10&!)SI 2+16*+#%610&!,210$1,26/2(/* Al6&! B+/!
BHHH&YO)F 01 @!,21: 2#/2(/*10&1)S12((&'0+&!, *#%10-+ 82(3h/(/*'1 1,26/2/4#8&4' (&#1,26/2/#&1[32'<2,1&(12,CAldppg
G2#J&H#12'01?,08#L/&,0A1 8958, ..'/%6E! 2'0! S&77/' 1A 899g\CI N&%! ) &H . (&'+%! 2:&61, 2162,/ #2(/*10&!

[0%(&HD*"  &'(1 0&%6! :2,&+H! | &'(#&! 5C8! &(1 5CH B+/! 6*##8&%)* 08/ (! /&' 7/&+F! 2+1)S! 0&%! &2+F!6&! %+#1.2
26(+&,C! "2#1 6% (H&A! -27),/(+0&! 0&! 21 :2#/2(/*1 0&! )S! &%(! ),+%! L2/.,&Al 0&! ,-*#098&! B&(EYE 0&! )3
%&+,&T&'C

"h 1 800(/7 &H & (16T ) 2H&HIT)26( 108121 (&7)SH2 (+H8H0+#1, 21#&E* Vo (H+6(/*10+!) BH#1, 8961 0&+F!*) (/< %!08&!
62,/ #2(/*1 0+ v xAl"*+%] 2:%%] #8)3%&'($! ,&9B | &1L¥6(/*10 &!,2! (&7)$#2(+#&I/1+#&100\C! O*77&! &!
7 (#&!, 21L/1+H#EHOA! &1)SIH&E* Yo (#+/(1&1)2#(2'(10&), 2162,/ #2(/*'10*Y'6*#&I 0&W &I 2(/1&(12,C![8I9p\!
T (H&I+'&! (#HY! L*#(&10$)&'02'6&! @!, 2! (&7)$H2(+#&A6&IB+/1'-8%(1)2%! ,&! 6 2B 2 &B(/2!1$(2.,/&!) 24!
[*%%(&#![8995\CR., 2%+ 1 1HHBH &AI6*7T7&IF( 1'($1U, &'1&(12,CI[BI48\A! -+9%621810-+'&162,/ #2(/*10%Y'6*4&!



(&, & B+&16&,, &) *%$&!) 241 #1) 2 (/) QYBIOP\ %6 &! (#20+/(1) 2#1+1)SILI2,| 8% %8 /&, &T&' (6% (#d,$!)2#! 2!
(&7)$H2(+#&AI(BB+/! %-&F),/B+8I2/%&7.,2.,8&7&'( | )2#! 2! 6*:2#/2'6&! 08&%! :2#/2(/*%! 0&! YQIZ&(! 0&%!
(&7)$#2(+#896102'%!,&!)29%4%$C!

J9MEKB)KK)@) "2,&*3S! #&6*%(#+/(%! &' L*6(/*'1 0&! 2! (&7)$H2(+#&O\! &(! 0&! ,2! 62,/ #2(/*! 0&! W!
+(1,/%$&C! P#2)E&! 0&! 1216B&! 62,/ #2(/*'1 0&! M)2(/! [8DP\! 7+ (#&! 08&%! )S! 2<2'(! +'&! (#H%! L*#(&!
0$)&'02'6&! @!,2! (&7)$H2(+#&A! (2'0/%! B+&![1#2) E&! 0&10#*/(&\!16&,,&10&! 1% (&H![BIIB\!'&I 7+ (#&12+6+'1 /&1
&' (#&!,&96108+F1)2#27TH(#&%C

CAA)(B7J\KSLEKBT)MSNO:9L\T)8N<8NO:9L\T)<6B__ 9<9B:L))B) JERBRNIEV) QSN EEYM)J6
AEBNM)JSN\Ba )

"h4H17/&+F16%7)H& OH&I6*TT&! (1,21 (&T)SH2(+H&A!, 21%2,I'(SA] 02,62,/ ($1*+! &'6*H#&) &/ [%$%! /'L, +&'(!

Yo+# &6 H&E* Vo (H+6(/*' %! 0&! JPSHY *+061 2: 7% &LL&E(+$! 086! (&%6(%! 0&! %6& %/ /,/($!) &HT&((2'(10-$:2,+&H#! ,&%!
O/LLSHE 686! &' (#E! O8BBIHLH+6(/* %! +(/,/%2'(108%! ) 2427 H(#8%6! O/LLSHE (%C W*+0%! 2:%%] %<%($72(/B+&T&(!
6%7) 245!, &U61)SI*.(&+961&'1 %6 H#(/&12:&6!,216*+#.&!1/'(/2,810&!G_O2!)*+#10$(&H7/'&#102'%!B+&, &I 7&Yo+#&!, &%
)2,$* JS! #H&E*%(#+/(%! #&L,H(&'(! ,2! 0*"$&I0B! .2%8! [G_O2\A! *+1 %-/ W{I0A*#(&T& (! 6*' (H2/' (%Al 2+!

B* (H2IH&A) 241 0-2+(H&Y0)) 242 TH(H&Y! [RC1C!, 21 (&7)SH2(+H#&A! 21962, /'/(SAE\C!N*#96! 08961 62,6+,%! 0&! ) SAl *+%!
0*'6! (8I6($!),+96/&+#%! %66 24//1 &(1),+%6/&+#%! 2))#*6E&%6! O/LLSH&' (&%= [A\! (*+9%! &% )2#27H(#&%! [*MASAI UNW\!
6 %&H:$%! 612 (%! &(! $12+F! @1 ,&+#! 12, &+ 26(#4B&+' %6&-+,1 ) 2#2TH(H&! :2#/&) [N *+1 3\Al %&,*'| ,&%!
0*"$&Y6! 7&Yo+H#SRMN 0&+F1) 242 7H (#&%! : 2#/&' (I [/C&CIN &(13AI*+1 31 &(1UNWI &(1&'L/ 1 [h\! (*+%!,&%1) 2427 H (#8.%!
2#18'(1[(&,| B+&! 7 (#$!)#$6$0&77&'(\C!OE26+'10&! 68%! (&Y HARLLEE(+$!&'1)#&'2'(! @ 6E2B+&!L*/%!6/'B!
&%(/72(/*%! O/LL$H#&'(&%! OREV[A! &'1 62,6+,2'(! vx! @! )2#(/# 0&! 2! (&7)$#2(+K&_O2! @! ,-2/0&! 0&%!

62,/ #2(/%! 0&! 1*%6(&H! [BI95\! &(! [/ 0&! M) 2(/! &(1 2,C! [BAGNN! &1 +(/,/%2'(1 +1v x! 6*%(2'(1 62,6+,$! @!

)2H(IH108&! 21 7&%+#&!0+!G_O2RIB/L(0%-+#!+'1%*77&(10&! 62#*((&! [KXIBBgQ\! */%/'10&! , 2! KX!ip! 8gi 1!
[FN&IH(/, /%2 (141 x16%96(2'(12;+%6(S!)*+#1%. (&' /#],&!)SI T*0&H &I 2+1%* 77 & (1081 *(H&I & H&1/%(#&T &' (10&!

G_02! [@! 5C0! J2\A! &(! &L/ [\ &1 +(/,1%2'(! H1 2;+% (S [+#! *.(&#! &1 )S! T0&H#'&! &' %*77&(!
0-8'#&LI%(H&T& (AIT2/%!&)&HT&((2'(| @O-$:* +&H#12:86),21(&7)$H2(+#81%&,*1 21 */10810$)&'02'6&!2:&6!
21(&7)$H2(+HH&IB+&I 9612701 * (&'+&102'%6!6&! (#2:2/,1[0%"$&%!IU(,2'(/B+&AIBLCI0$.+(10&16&I6E2)/(#&!%+#1 &!
VX\CHUI(#&10&16%7) 242/%* Al'"+9%612:%%1$12, & T&(8%6($!, 21 0/LLSH#&'6&! &F/IIEAF&! -+ (/,1%2(/*10+1K1_02!

6*H/ 1 $10&D21%6& %/ /,/($! @h2, /'l (S6*HH&6(1*'1%&, ¥ IK2(E/&'>G, 2#01&(1G2%%/*(AI890H  S6*##/1%!
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N+ (8% ,&%%! 6*+#.8%! 0&!)S!*.(&'+&%! '&! %*'(1 ) 28B9H&'($&%6! /6/C! W*+%! 2:%'%%! 6E*/%/! 0&! J#$%& (&#! &(1 0&!
6%7)24#8&#102'%!, 21 L/1+#&10i10&+F1&F&7),8%! 624#26($#/%(/B+8%! 0&!68%! (8.96(VHMDIRABIB6A# /6 0&!)S!

* (&' +&Y01 2:861 -+(/,1%2(/*1 0-+'T\ O/7/+2'(1 2:&61 , 21 (&7)SH2(+#&! [1*%(&H#A 8995\! &(! 0&%! 6*+#.&HYT&

* (&' +&IBI&1+(1, /%2 (1+'IV x16%'%6(2 (A& (/TSI @) 2#(/#10&!, 2162,/ #2(/*1&LL&GE (+$&!%+#!, &I%*TT&(10&!, 216 2#*((&!
*%/'&IKXip >8gg!C!

JIOMEKB)KA)@) 2:*,+(/*10+1)SI2+16%+#96108&!), 21 (#2'%/(/*'11,26/2/#8* *6H' &1%+#1, 216 2#*((&! KX §BQIAI&.!
L¥6(/*I[NO+IV  xI+(/, /%1 8, +/10&1 1*%(&H#AI0$)&'02'(10&!, 21 (&7)$#2(+#&![@! 12+B6E&\AI &(16&, +/10+!%*77&(10&!
B2#*((&! *1%/"TKX!ip SBYQAI 6+ %6&#:$! @1 +&!:2,&+#16%%(2'(&! [@! M@ [N &'IL2/%2'(1: 24 &#1*+1%'1 +']

41 ), +%/8AHY) ) 2H2THH&Y! +(1,/%$%! %! 0&1 2! #&E* % (#+6(/*1 QSR 2FRC! (&7)SH2(+H&A! %2,/'/($! *+1
2,62,/'/($CIN2! $1&'08&! )#S%6& (& Yo+#! 21 L/1+#&!'0/B+&! &162%! $BE$S2'(1B+&,[96\1)2#27HH&[%\I$:*,+&['(\Al 6&((&!
$o% +(H1$(2'(16%0/(/*"$&) 24!, &% 7 &Y+#&YI0&IK1_021GKMZCIN-S6EE:,,&I0&!)SI&Y%(!,217]78&!)*+#!, &%!0&+F!

V I+ (1, 1%$H9%1 0816 89! (&%(%C

N2!L/1+#&10i1)&H#T&(108&! T&((#&!&'1$:/08'6&12:2'( (*+(1B+&!,&%!:2,&+#%!2.%* +&%!0&!)SI O/LLHAE (1. &2+6*+)!
FHYBH-F14(/, [%E&I+ I B%06(2'(1B+1:2#/&12:86),21(87)SH2(+H&I[1*%6(8&HAIBIIS\I*+1+'IvXI6*%(2' (CIX2'%!
B6&I)H&TIEH6206A], &%!)S!*. @I+ (*+#10&I5Cg! I2![.2%&! 08! ,-S* *6H'€\I%* (10&! - *#0#&0&! 5CBIAI2 *#9%6!B-+-/,%!
%% (1.82+6%+)1), +9%1L.2/., 896! [5COP\!, *#%6B-+-*'1+(/, /%81 + IV X16% %6 (2'([6&, +/ B+&!"*+%12: %1 &Y% (/73! @') 24 (/#!!
0&!,-2'2,<%&I0+%*77&(10&!,2162#*((&IKXBEQ\C!"2#16% (H&AI*16¥ U (&1$12,&7 &' (IB+&AI6* (H2/#878'(!@!
21L/1+#&I0GA!, 896! ) SHHEE* Yo (#-+/(%) 7+ (H& (16&((&I L%+ &IS:* +(/*'| (#HY6I%/ 7/, 2/#8&) 2+16*+#9%10+1 (&7) %C!
X&! T]7&A! *#%B+&! (“+9%! ,&%! )2#2TH(H&Y%! %*'(! 6¥%&#:$%! @! 08&%! :2,&+#%! 6%(2'(8%! 26(+&, &Y%A! )*+#!
HE&B*Yo(#+6(/* VBRI SAIF16%%(2(&IB+&!, &I L*#7 &I610&%!6%+#.8&%1%* (16&, &Y6! B+/16*##8&%)* 0& (1, &1 7/&+F12+F!
0*'$896! 0&! G_02! /'/(/2,8%A! 72,14#$! 2181 $2#/($! 0+! %<V%o(H7&C! "241 6+ (#&A! 02'%! 6E2B+&! %6/(+2(/*'1 *M! 2!
(&7)BH2(+H&I 2HIQAIF1* Y& &I+ L#(10$62,21&! 0&!:2,&+#%! B2BRYH! 0+W0&! KX!ip BggAl 0$62,21&! B+/!
'-2))2#2—(1) 241 6% (#&1)2%)! 2: 86!, &IND&! [*%(&#![8995\C! O&!0$62, 218! &%%6(1 &% %&. (/& &7&'(1)#$%&'(10+#2'(!, 2!
)SHI0&ILA*I0&I[2'($H/&+#E @1451J2\A! &%! (&7)SH2(+H#E&Y%!), +9%6!.2%6%6&%! 0&16&((&1)$#/*0&I T*0/L/2'(1, &Y% $B+/,/ #&
BE/7/B+&%!&(1-$(2'(1)2%! 6*7)& ' %$E&Y6! ) 241 AR ! 21%2,'1($![*+] -2,62,/'(B\CIX2'%! &1 629! QUI&! %o (&H!

[B995\A! -+(/,/%2(/*'10-+' 1\ 0$6H#*/%6%2'(12:861 21 (&7)SH2(+#E&I%&7 . &!| (H&IH#E&Y%)*%2.,&10-+1)ES*7H' &I 0&!
€16%7)&'%2(/* 1+10&!68%!:24/2(/* %) 0&! (&7)$H2@HR+!':82+108%! 62,6+ %A! 6&! B+/1)&HT &(10&! 6 %6&H: &t +']
)SISB+/:2,&' (1 @!6&, +/1H&E* Yo (#+/(1@!) 2#2TH (H&Y616 % (2' (%! &(1$12,87 &' (10-*. (&' /#+'&! (#HY%!L2/. &1 0/%) &#%/*'
089! :2,&+H#%! 0&! ) 2¥BA! 6% (H2/H&T&'(1 2+ vx! 0+! %*778&(! 0&! 624#*((&! KX! ipBgg! [:*/#! 12.,&! 48\C! Z!
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66(2(&! 2+%6%/1%+#16&((&! L/1+#&!0IAIB+&! 896!/, +&'68&%1%6$) 2H$&6!0&%6!: 2#/2(/* %1 0&! ,-2,62,/'/($! &(10&! ,21%:
%% (1/'0/%68H 2., &YA! 21(&7)SH2(+H&IS(2'(1, &IL26/(&+#172;&+#108&): 2#12(/*C!

UL/'10&! 7/8&+F16% (#2/'0#&! /'L +& 6&10&I 6E2B+&!) 2427 H(HEA! *+98I2 62,6+ R )*+# 6E2B+&12)#*6E&I0&!

62,6+, 0&! )SAI [Nl &1 )*+#6&' (218! 0&! 6*:2#/2'68! &' (#&! ,-&'H#&1I%(H#&TE&'(10&! G_O2! /'/(/2, &(! ,&%! O/LLSH&' (&%!
H&B*Yo(H+6(/*%! 0&!1)2,8FSA! 2/'06/) B+&! [N ,&%! :2,&+#96! 0&!)S! *.(&'+&%6! y*+#! &1 0$.+(1 0&! ,-S* *6H'&AI [//\!
-27),/( +0&! 0&! 21 :2#/2(/*'1 0&!)S! b )S\! &H&L/%(#S&! &' (H&! ,&%! '[:&2+F! JH$%&'(2'(! ,&! T2F/T+71 &(! ,&!
7/17+710&!G_02![4h! &(15C0! J2A #&%)&6(/:&7&'(\ &(! &L/ /!, 210$:/2(/*1 %(2'02#0! 72F/72,&! &' (#&! ,&%!

)2,&* Y SHEE* Yo(#+/(%1%+/:2'(1, &%10/LLSH& (&%! 7$(B*08%C!

|

Partition coefficient K o
Foster (2008), Tripati et al. (2009), Constant, calculated Constant, adjusted Adjusted to obtain modern Constant, adjusted
decreases with increases with from top of nearby to obtain modern pH at 8.6 ka, decreases with to obtain modern
temperature temperature core MD 79 255 pH at 8.6 ka temperature pH at 8.6 ka
Salinity effect on Mg/Ca Yes Yes Yes Yes Yes No
All parameters constant, 99.4 993 98.9 98.9 99.4 98.9
at modern values
Temperature only varies 99.4 64.7 90.3 89.5 97.0 84.9
Temperature and salinity 03.9 505 86.4 011 017 55.7
vary
Salinity only varies 92.9 39.2 93.0 91.1 83.3 39.8
Salinity and alcalinity 98.9 94.9 98.9 98.3 98.3 93.1
vary
All parameters vary 99.5 61.2 89.0 89.3 96.8 726
pH value at 8.6 ka 8.20 8.38 8.09 8.18 8.18 8.18
pH amplitude between
14 ka and 8.6 ka 0.07 0.13 0.09 0.10 0.07 0.07
Maximum standard
0.023 0.153 0.044 0.043 0.027 0.067

deviation (2 !) |

(8SNB)Zb)@ $%+,(2(%! 0&Y(%6!0&! %6& ABIZLL&B(+$%6! %0+ &Y6I#&E* Yo(#+6(/* % DG HIEAL *6(/*'
0+1vx! +(/,/%$! &(1 08961 )2#2TH(H8&Y6! +(/,/1%SY6A B+&! ,-+1 L2/(1 : 24/ &# *+1 B+&! ,-*1 72/'(/&'( 6+ %(2'(! [&C1C!
(&T)SH2(+H#&AI%2,I'1(SA12,62,/'/(RXF6! ,21) 24(/& Y%o+)$H#I&+#8&1 0+1 (2.,&2+Al @! -/ (&H#I6 &AL Q8N
&(1 0&Y%6! 6*,*"&Y0! B+/! 6*##8&%)*02'(! @! 6*7./'2/%*" Y*+#1 &%! 62,6+,%! 0+! )SA! %*(! /'0/B+$%! ,&%!
'[:&2+F108&1 6%:2#/2'6&A! 6*0$%! &' (#8191 &(1499![$(2.,/%! %o+#1 21 2%6&10-+'&1%/7),&! 6*##$,2(/*10&! (<) &!
['$2/H#8\CN&Yb! :2,&+#%! 0&@HISCO! JBRA:&'(1 0&! #&)HBE&H# | 6+7)248&H! ,&%!'[:8&2+F! T+<&'%! 0&!
)2,&* YS! #&E* Y (H+/(%! 2:86! ,&%! O/LLSH&'(&%! 62,/ #2(/*%A! 0&! 7]7&! B+&! -27),/(+0&! 0&! :2#/2(/*'
7+<&"&) & (#& 4! &(15C0! J2C1 2L/ Al (B8:/2(/*1%(2'02#01 72F/72,&! 0-+'1)S! %o+#1+'&1%6$#/&10&! (&% (%!
2:&61+'17]7&IV X/, +9%(#&!, 210/%4P8/*'108%!)*/'(%C

|

N*#9%6B+&! (*+%6! ,&%! )2#27H(#&%! [MAl 31 &(1 UNW\I %6+ (1 72/'(&'+%! OBY{((Bb,8%! )2, $9S! 7+ (#&'(1 +'&!

&I G, 2(/F) 2:&6! & 1 9%6/1'2,1 0&G_O2A! B+&,B+&! %*/(KIGHY,/%6A! &(1 6&! 72,1#$! 2! “$/'$24#/($! 0+!

%<0b(HTBI2! (87)SH2(+HEA!*+#! &UIWFEIAI&(!,21%2,/'/(SA!)*+H#KIQBHRIO2'(%! 0&! 2! (&7)$H#2(+#&A! %* (!

&6 0&+F1 ) 2#27HH&Y%! B+/1 'L, +&'(1 &1 ),+%! %o+#1 &% #H&E*Y6(#+6(/*VHSEN YA&H! 0&+F! ) +%! L2/, &%!

BHHHS, 2(/7 96196 (1*. (&' +8%6!, *HY%B+&I%&+ &I, 21%2 /'/($): 24/ &AIB&IB-+/1) 22— (11 /B-6IDED 2; +%6($IL/F&!
&(1+(/,1%2'(1, 896192, '/ ($%6! &HH* S&I6AI6 2 HEE* Yo (H+/(&%61%2'%! 6*#H&E (/*'10&! -&LLE&(10&1%2,/'/($!%+#! &IK1_O2!
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I/1+#8&) ON\C!"2#1 6% (H&AI/,1 &%(1), +%! $(*"2'(10&! 6*'%6(2(8H! 6&(1 &LLE&(! 2:&6! ,+(/,/% 24O+ H/)2(/1 &(1 2,C!

[89 9P\CIWS2'7+/'%AI *16+'06(2(&! B+&A! @ (&7)$H2(+#8&1 6% (2' (&A1 &(!, *#%B+&! ,-2,62,/'($!: 2#/8&1$12,&7&'(![&!
L*6(/*10&!,21%2,/'[(D\AI6&(1&LLE(1%& 7., &!6%7)& %SA!, &%%6! 6*H#S,2(/* %! 2((&/1'2'(1),+%! 0&! pf"102'%6! 6 &%6! 0&+F!
62%AI&(1), +%10&!p5712:86! -&'%&7 ., &1 0&Y! AKEEPA Al “H%6B+&! (H&R6!) 2427 H(HEIM &' ( Al*'1* %&H:&!
0&IL*#(8%610/%) 2#/($%! 0&16%:24#/2'6&1%+/: 2" (K1 &Yl VoS0, &%6!), +06! L*#(8%616*: 2#/2'68%! 2:&61,&1%/1'2,1/'/(/2,10&!
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