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;)6!&-)!'()*&%+.R!`,!8/&%P)!6$+(5*!%.!&-)!5/*&!/3+5&)3!\($+5)/.!4/&)$%/0!2(0&($)1!&-(*!

;)2+4%.6!/22(0&($/&)31!:-/&!$%6-&*!2/.!&-)7!-/P)!&+!/!5/*&!&-/&!%*!.+!0+.6)$!5$/2&%2)3!+$!

4/&)$%/0%Z)3d!

>%.2)!&-)!?@BF*!/.3!@F*1!&-)$)!-/*!;)).!/!2+.2)$&)3!),,+$&!;7!/$2-/)+0+6%*&*!&+!

/2K.+:0)36)!&-)!*+2%+<5+0%&%2/0!2+.&)]&*!/.3!%450%2/&%+.*!+,!&-)%$!:+$K!=#+.K)7!/.3!I)$+!

?@BSC!I)$+!?@B"1!?@@?1!?@@GC!^)+.)!)&!/0N!?@BAC!H2I(%$)!?@@E1!?@@GC!e+&&)$!/.3!^)+.)!



! "!

#$%&'!()*++,)!#$%-.!#$%%.!#$%$/0!12!34,!),567!89!:;63;),<:8235:3!=3;>*,=!34*=!45=!),=;63,>!*2!
5!2,?!?5@,!89!),=,5):4!3453!),<:82:,A3;56*B,=!:8682*56!,2352+6,7,23=!5=!7;63*<652,!
4*+4?5C=!*2!?4*:4!D834!:8682*B,>!52>!:8682*B,)!5),!599,:3,>!E,0+0.!F*+439883!G--HD'!
I834=:4*6>!G--J'!I;D,)382,!G---.!G--#'!K*66*752!G--H5'!L8==!G--".!G--%/0!!F*M,?*=,.!
12>*+,28;=!:)*3*N;,=!89!5):45,868+C!52>!5234)8A868+C!45@,!A)87A3,>!),=,5):4,)=!38!
*23,+)53,!12>*+,28;=!,OA,)*,2:,=!89!:8682*56*=7!*238!34,*)!4*=38)*,=!=8!5=!38!9;66C!
;2>,)=352>!34,!:87A6,O!52>!4*+46C!>*@,)=,!:45)5:3,)!89!P;)8A,52<12>*+,28;=!
,2352+6,7,23=!*2!34,!Q,?!R8)6>!E,0+0.!S)8?2!G--&'!T82B56,B!52>!U8>B,6,?=M*!G--&'!
V523752!G--W.!G--%'!F*+439883!,3!560!G--%'!F*+439883!G--%'!U5334,?=!G--&'!U*4,=;54!
G--J.!G--HD'!U*66=!#$$&'!Q*:4865=!#$$&'!X52*:4!G--$'!I;D,)382,!G---'!K*66*752!G--W.!
G--H5.!G--%'!L8==!G--%/0!!(4*=!=57,!34,7,!*=!),*3,)53,>!283!Y;=3!*2!Q8)34!Z7,)*:52!
5):45,868+*,=!89!:8682*56*=7.!D;3!56=8!*2!:8682*56!=3;>*,=!*2!K8;34,)2!Z9)*:5!EV566!#$$$'!
K4,A4,)>!G--&/.!Z;=3)56*5!EV5))*=82!G--G.!G--H'!V5))*=82!52>!R*66*57=82!G--G'!V,77*2+!
52>!(),@8))8?!G--H'!R*6=82!G--&/.!52>!K8;34!Z7,)*:5!EV5D,)!52>!T2,::8!G--&/0!!(5M,2!
38+,34,)!34,=,!=3;>*,=!)5*=,!8;)!5?5),2,==!:82:,)2*2+!48?!12>*+,28;=!A,)=A,:3*@,=!52>!
4*=38)*,=!45@,!D,,2!=C=3,753*:566C!,O:6;>,>!9)87!:8682*56<A,)*8>!4*=38)C.!5=!?,66!5=!48?!
*7A,)53*@,!*3!*=!3453!5):45,868+*,=!89!:8682*56*=7!,OA68),!34,!?5C=!*2!?4*:4!34,=,!4*=38)*,=!
8@,)65A!?*34!8)!>*@,)+,!9)87!348=,!834,).!5::,A3,>!:8682*56!5::8;23=0!!!

(4,=,!2,?,)!5AA)85:4,=!38!:8682*56*=7.!4,),593,)!),9,)),>!38!5=!5):45,868+*,=!89!
:8682*56*=7.!5),!893,2!78>,6,>!593,)!4*=38)*:!5234)8A868+C0!!(4,*)!5AA)85:4,=!38!:8682*56!
,2352+6,7,23=!34;=!:87D*2,!7;63*A6,!6*2,=!89!,@*>,2:,[5):45,868+*:56.!,2@*)827,2356.!
4*=38)*:56.!,34284*=38)*:[53!7;63*A6,!+,8+)5A4*:!52>!3,7A8)56!=:56,=!89!5256C=*=!*2!8)>,)!38!
D,33,)!;2>,)=352>!34,!7;63*A6,!8;3:87,=!89!:8682*56!,2:8;23,)=!52>!,2352+6,7,23=!E=,,!
\,5+52!#$$%.!G--W'!F*+439883!#$$H.!G--HD'!I834=:4*6>!G--J'!K*66*752!G--W'!L8==!G--%!98)!
,O57A6,=!89!34*=!5AA)85:4/0!!!Q835D6C.!34,=,!486*=3*:.!>*5:4)82*:.!D)85>6C!:87A5)53*@,!
5):45,868+*,=!56=8!533,7A3!38!),*23,+)53,!Q53*@,!Z7,)*:52=]!5+,2:C.!5=!?,66!5=!34,*)!
A,)=*=3,2:,!*238!34,!A),=,23.!*238!*23,)A),353*82=!89!:8682*56!4*=38)C0!!(4*=!5!),<,7,)+*2+!
34,7,!34)8;+48;3!34,!=;D<9*,6>.!5=!),=,5):4,)=!,7A45=*B,!34,!>*@,)=,!52>!@5)*,>!=3)53,+*,=!
89!A,)=*=3,2:,!3453!12>*+,28;=!A,8A6,=!;=,>!*2!8)>,)!38!75*235*2!34,*)!:877;2*3*,=!52>!
*>,23*3*,=!34)8;+48;3!=;::,==*@,!?5@,=!89!D*868+*:56.!:;63;)56.!A86*3*:56.!52>!6,+56!
:8682*B53*82!E=,,!F*+439883!G--HD'!U5334,?=!G--&'!X52*:4!G--$'!I;D,)382,!G--#.!G--%D'!
K:42,*>,)!G-#-'!K*66*752!G-#-'!K6,,A,)<K7*34!G--#.!G--$5.!G--$D/0!!!

Z!=;D<=,3!89!34,!5):45,868+C!89!:8682*56*=7.!4,),!),9,)),>!38!5=!),=*=352:,!=3;>*,=.!98:;=!
;A82!34,!=3)53,+*,=!;=,>!DC!Q53*@,!Z7,)*:52=!38!),=*=3!P;)8A,52!:8682*56*=7!52>!:;63;),0!
(4,=,!=3;>*,=!:),53,>!5!),2,?,>!98:;=!;A82!34,!=A,:*9*:!A8?,)!>C257*:=!89!:8682*56!
,2:8;23,)=.!52>!*2!34,!A)8:,==!34,C!4,6A,>!4*+46*+43!34,!5+,2:C!89!Q53*@,!Z7,)*:52=!*2!
>,3,)7*2*2+!34,!8;3:87,!89!:8682*56!),653*82=4*A=0!^,3.!*2!A65:*2+!*23,)A),3*@,!,7A45=*=!
;A82!),=*=352:,[52>!34;=!>8?2A65C*2+!34,!=*+2*9*:52:,!89!753,)*56!:452+,=!?*34*2!
12>*+,28;=!:877;2*3*,=[),=*=352:,!=3;>*,=!3,2>!38!A8)3)5C!:8235:3!5=!5!B,)8!=;7!+57,_!
12>*52=!,*34,)!68=3!34,*)!*>,23*3*,=!,23*),6C.!8)!34,C!),=*=3,>!52>!M,A3!34,7!),653*@,6C!*235:30!!
F*M,!,5)6C!5::;63;)53*@,!5AA)85:4,=.!34,=,!5AA)85:4,=!:52!=,)@,!38!),*9C!,==,23*56!283*82=!
89!*>,23*3C0!!



! "!

#$!%&'(&$)!*+,-+./,!/$012.!'-3$&*!&0'$-&-&'4!/4!'44'$-&/,5426'-3&$)!-3/-!&4!&$3'.'$-!2.!
&67+'0!/-!7&.-35-3'4'!/88.2/*3'4!&)$2.'!32(!-3'4'!92.64!29!42*&/,!&0'$-&-:!/.'!-3'!.'4+,-!
29!42*&/,!8.2*'44'4!/$0!.',/-&2$43&84!;<2996/$!=>?@A!B'$C&$4!=>>"D!EFFGHI!J&-3&$!-3&4!
*2$-'K-!L/-&%'!M6'.&*/$!*+,-+./,!&0'$-&-:!7'*26'4!/$!&66+-/7,'!/$0!9.2N'$!*/-')2.:D!
(3&*3!8.'*,+0'4!-3'!8244&7&,&-:!-3/-!-.&7/,!/$0!*+,-+./,!&0'$-&-&'4!*3/$)'0!0./4-&*/,,:!&$!
.',/-&2$!-2!&$-'./*-&2$4!7'-(''$!0&99'.'$-!-.&7/,!*266+$&-&'4I!!O+.-3'.62.'D!4+*3!/!%&'(!
0'$&'4!-3'!9/*-!-3/-!-3'4'!8.2*'44'4!29!&0'$-&9&*/-&2$!/$0!.',/-&2$43&8!7+&,0&$)!/.'!2$)2&$)!
8.2*'44'4!-3/-!2**+..'0!,2$)!7'92.'!/$:!P+.28'/$!4-'88'0!922-!2$-2!M6'.&*/Q4!432.'4I!

R3'!82&$-!3'.'!&4!$2-!-2!0'$:!-3/-!/**+,-+./-&2$!/$0!.'4&4-/$*'!('.'!2$)2&$)!8.2*'44'4D!7+-!
-2!/*C$2(,'0)'!-3/-!('!*/$$2-!4+74+6'!-3'!0&%'.4&-:!29!#$0&)'$2+4!'K8'.&'$*'4!29!/$0!
.'482$4'4!-2!*2,2$&/,&46!&$-2!!"#$%&%'()"*(+!2.!+(,$,-&%'()-"!*/-')2.&'4I!!R3&4!&4!
8.27,'6/-&*!&$!4'%'./,!.')/.04I!!O&.4-D!&-!0&*32-26&N'4!-3'!./$)'!29!*32&*'4!/$0!62-&%/-&2$4!
7'3&$0!-3'!/028-&2$!/$012.!.'S'*-&2$!29!P+.28'/$!6/-'.&/,!*+,-+.'!/$0!*+,-+./,!8./*-&*'4!
&$-2!'&-3'.!2.!*/-')2.&'4T!'&-3'.!&$0&%&0+/,4!*324'!-2!/44&6&,/-'!2.!-3':!*324'!-2!.'4&4-!!
P+.28'/$!3')'62$:I!!R3&4!,'/%'4!,&--,'!2882.-+$&-:!92.!4-./-')&*!$')2-&/-&2$4!/$0!&)$2.'4!
-3'!8244&7&,&-:!-3/-!$2-!/,,!&$4-/$*'4!29!.'4&4-/$*'!2.!/*U+&'4*'$*'!('.'!%&'('0!/4!4+*3!7:!
&$0&%&0+/,4!6/C&$)!-324'!0'*&4&2$4I!!V'*2$0D!&-!&)$2.'4!-3'!*268,'K!*+,-+./,!
-./$492.6/-&2$4D!0:$/6&*!8./*-&*'4!/$0!3&4-2.&'4!29!/!*266+$&-:I!!R3&4!*2$-.&7+-'4!-2!-3'!
&0'/!-3/-!*266+$&-&'4!/.'!4-/-&*!'$-&-&'4!/$0!2$,:!*3/$)'!&$!.'482$4'!-2!/$!2+-4&0'!92.*'!;&$!
-3&4!*/4'!P+.28'/$!*2,2$&/,&46HI!#9!('!/.'!-2!+$0'.4-/$0!-3'!6+,-&8,'!2+-*26'4!29!
#$0&)'$2+4WP+.28'/$!'$-/$),'6'$-4!/$0D!('!6+4-!4&-+/-'!*2,2$&/,!/$0!42*&/,!
-./$492.6/-&2$4!(&-3&$!-3'&.!7.2/0'.!3&4-2.&*/,!*2$-'K-4I!!R3&4!'$/7,'4!/!62.'!$+/$*'0!
%&'(!29!-3'!4-./-')&'4!-3/-!72-3!#$0&)'$2+4!/$0!P+.28'/$!*266+$&-&'4!6&)3-!3/%'!8+.4+'0!
(3&,'!$')2-&/-&$)!-3'!42*&/,!/$0!83:4&*/,!,/$04*/8'4!29!*2,2$&/,&46I!

X3/$)&$)!2+.!8'.*'8-&2$4!29!L/-&%'!&0'$-&-:!/$0!&$-'.*+,-+./,!.',/-&2$43&84!7')&$4!(&-3!/!
*,'/.!0'9&$&-&2$!29!(3/-!42*&/,!&0'$-&-:!&4!/$0!32(!&-!&4!92.6'0I!!M4!.'9'.'$*'0!&$!-3'!
8.'%&2+4!8/./)./834D!*2$-.&7+-&2$4!9.26!U+''.!4-+0&'4D!'-3$&*!4-+0&'4D!)'$0'.!4-+0&'4D!
84:*32,2):D!42*&2,2):!/$0!/$-3.282,2):!&$4-.+*-!+4!-3/-!42*&/,!&0'$-&-:!&4!/!42*&/,!/$0!
3&4-2.&*/,!*2$4-.+*-D!*2$-&$+/,,:!.'6/0'D!/$0!'$/*-'0!-3.2+)3!42*&/,!&$-'./*-&2$!/$0!-3'!
92.6/-&2$!2.!6/&$-'$/$*'!29!42*&/,!.',/-&2$43&84I!!R3'!.'4+,-!29!-3'!&$-'.8,/:!7'-(''$!
&$-'.$/,!/$0!'K-'.$/,!&0'$-&9&*/-&2$D!42*&/,!&0'$-&-:!&4!'6720&'0D!6+,-&W0&6'$4&2$/,D!
.',/-&2$/,!/$0!9,+&0!;B'$C&$4!=>>"D!EFFGHI!!#-!&4!*2$4-.+*-'0!/$012.!627&,&N'0!(&-3&$!
48'*&9&*!3&4-2.&*/,!*2$-'K-4!/$0!-3.2+)3!.',/-&2$4!29!82('.D!/$0!&4!&-4',9!-3'!.'4+,-!295/$0!
426'-&6'4!'%'$!/!42+.*'!295*3/$)'!;Y/.-3!=>Z>D!=>>GHI!!#0'$-&-&'4!/$0!8.2*'44'4!29!
&0'$-&9&*/-&2$!/.'!&$'K-.&*/7,:!*2$$'*-'0!-2!(&0'.!42*&/,!0&4*2+.4'!/$0!/.'!2$,:!9+,,:!
.'/,&N'0!-3.2+)3!2+.!720&,:!/$0!6/-'.&/,!'$)/)'6'$-4!;X/4',,/!/$0!O2(,'.!EFFGA!B'$C&$4!
EFFGTEF=HI!!!

[/.-6/$!\26/(/&6/!;=>?>HD!/![28&!4*32,/.D!7'4-!*/8-+.'4!-3&4!&0'/!(3'$!3'!82&$-4!2+-!
-3/-!7'&$)![28&!6'/$4!&$*2.82./-&$)!*3/$)'!&$-2!2$'4',9I!!R2!7'!/!6'67'.!29!/$!'-3$&*!2.!
*+,-+./,!).2+8!/$0!-2!6/&$-/&$!/!*2$-&$+2+4!&0'$-&-:!02'4!$2-!.'U+&.'!-3'6!-2!.'6/&$!/!
4-/-&*!*+,-+./,!'$-&-:A!./-3'.!-3'!8'.4&4-'$*'!29!-3/-!&0'$-&-:!0'8'$04!+82$!-3'!*2$-&$+/,!.'W
'%/,+/-&2$!29!(3/-!&-!6'/$4!-2!&0'$-&9:!/4!8/.-!29!-3/-!).2+8!/-!/$:!2$'!626'$-!&$!-&6'D!2.!
&$!/$:!$+67'.!29!%/.:&$)!4&-+/-&2$4!;'I)ID!X2,,&4!=>>"A!B'$C&$4!EFF=T=E=WEEA!V-./-3'.$!



! "!

#$""%!&''()*!!+,-./0%!1.!2,13!30.30%!13!.42!-.212,0215-6!24!170.2128%!9:2!-!54;0!-.7!70<1.1./!

<0-2:;0!4<!12*!

=!<6:17!-.7!;06-214.-6!>10?!4<!170.2128%!?,160!-550@207!-.7!-@@6107!98!A-.8!

-;5,-0464/1323B1.56:71./!2,430!1.20;03207!1.!5464.1-613A!C0*/*%!D1661A-.!&'#'9E!F433!

&''")B@;030.23!-.!1.20;0321./!@461215-6!-.7!02,15-6!7160AA-!<4;!942,!-;5,-0464/1323!-.7!

G-21>0!=A0;15-.!54AA:.12103!CH109A-..!&''")*!=3!I-:6!D,-5J06!C&''(KL)!.4203%!MN0;12-/0!

4<20.!A0-.3!1.20/;128%!-:2,0.215128%!-.7!32-916128%!-.7!12!13!-!?-8!<4;!54AA:.12103!24!A-J0!-!

56-1A!24!-!@-32!-.7!-330;2!2,0A306>03!1.!2,0!@;030.2!@461215-6!-.7!3451-6!6-.735-@0*O!!P.!

A:5,!2,0!3-A0!?-8!2,-2!Q-2J1.3!C&''R)!4930;>03!2,0!713645-214.!4<!G-21>0!=A0;15-.3!

<;4A!2,01;!MG-21>0.033O!1.!709-203!-94:2!2,0!@04@61./!4<!G4;2,!=A0;15-%!4:;!3-81./!2,-2!

G-21>0!170.212103!-;0!78.-A15!@420.21-668!3:9>0;23!2,0!-916128!4<!G-21>0!=A0;15-.3!24!

54.2;46!2,01;!,0;12-/0!-.7!<:2:;0!1.!2,0!@;030.2*!!!

Q,0.!?0!54.3170;!2,0!@4?0;!4<!-.2,;4@464/8%!-.7!3@051<15-668!-;5,-0464/8%!24!!"#$%"!-.7!
&'$("!P.71/0.4:3!,0;12-/0!?0!5-.!560-;68!300!,4?!4:;!-@@;4-5,03!24!2,13!,1324;8%!-.7!A4;0!
3@051<15-668!170.2128%!5-.!1A@-52!54.20A@4;-;8!2;19-6!54AA:.12103*!P.!3,4;2%!4:;!

1.20;@;02-214.3!4<!2,0!1A@-52!4<!S:;4@0-.!5464.1-613A!:@4.!G-21>0!=A0;15-.!2;1903!,->0!

>0;8!;0-6!54.30T:0.503!<4;!A470;.!2;19-6!54AA:.12103%!?,430!4?.!5:62:;-6!;054/.1214.%!

2;19-6!34>0;01/.28!-.7!;1/,2!4<!4?.0;3,1@!4>0;!2,01;!5:62:;-6!,0;12-/0!70@0.73!:@4.!2,01;!

-916128!24!745:A0.2!-!54.21.:4:3%!:.9;4J0.!2;19-6%!5:62:;-6%!-.7!@461215-6!170.2128!CU4./43J0!

02!-6*!#$$"E!N-.760;!&''LE!N-.2A-.!&''(E!H109A-..!&''")*!!Q12,1.!-!60/-6!38320A!2,-2!

@;1>160/03!?0320;.!-.7!3510.21<15!J.4?607/0!4>0;!1.71/0.4:3!0@1320A464/103%!4:;!

1.20;@;02-214.3!2,:3!9054A0!>-6:-960!0>170.50!2,-2!5-.!012,0;!90!:307!24!3:@@4;2!4;!70.8!

2;19-6!56-1A3!<4;!6-.7%!;0@-2;1-214.%!-.7!<070;-6!;054/.1214.*L!!!

V.<4;2:.-2068%!4:;!30A14215!>10?!4<!5:62:;0!-.7!170.2128!13!4<20.!1.!71;052!4@@431214.!24!

5:62:;-6!@;4@0;28!6-?3!3:5,!-3!2,0!G-21>0!=A0;15-.!W;->03!I;4205214.!-.7!X0@-2;1-214.!=52!

CG=WIX=)!2,-2!<4;50!2;1903!24!-35;190!24!-.7!;0<6052!-.!0330.21-61Y07!170.2128!CN-.760;!

&''LKLRL)*!=3!35,46-;3!?0!90-;!-!;03@4.31916128!24!3@0-J!24!2,0!2;:2,B1.!2,13!5-30!2,0!

.05033128!4<!5:62:;-6!2;-.3<4;A-214.!-3!-!@;45033!4<!3:;>1>-6!-.7!5:62:;-6!@0;31320.50B?0!

A:32!-634!90!A1.7<:6!4<!2,0!?170;!@461215-6!-.7!3451-6!1A@-52!4<!3:5,!1.20;@;02-214.3*!!W1>0.!

2,13!312:-214.%!4:;!-916128!24!4@0.!:@!71-64/:03!-94:2!2,0!<60Z1916128!4<!170.2128!A-8!90!

61A1207!24!5-303%!-3!N-.2A-.!C&''()!4930;>07!1.!,13!?4;J!?12,!2,0![4.-5-.!1.!F1;/1.1-%!

?,0;0!54AA:.12103!,->0!-6;0-78!492-1.07!M-:2,0.215128O!2,;4:/,!<070;-6!4;!32-20!
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VWY"M:!!?1!%,!3(-6!14','!'/$'*&-(,7!14%,!%/,1%121%-/*+!*91%&%,67!14*1!0'!9*/!6*J'!.-,%1%&'!
9-/1(%<21%-/,!1-!2/%&'(,%1%',!*/$!9-662/%1%',!<5!94*/)%/)!6*%/,1('*6!.(*91%9':!!?/!1'(6,!
-3!65!-0/!<%-)(*.457!3'6%/%,67!.-,19-+-/%*+%,6!*/$!%/$%)'/-2,!*(94*'-+-)%',!4*&'!
.(-&%$'$!14'!1--+,!3-(!6'!1-!2/$'(,1*/$!65!$%,9%.+%/'7!1-!,%12*1'!65,'+3!*,!*!(','*(94'(!-3!
?/$%)'/-2,!4%,1-(%',7!*/$!$'3%/'!65!(-+'!*,!*/!*91%&%,1!0%14%/!14','!*('/*,:!!!

E'6%/%,1!*/$!%/$%)'/-2,!*(94*'-+-)%',!('.(','/1!*!.-+%1%9*+!'/)*)'6'/1!14*1!6'()',!
*9*$'6%*!0%14!.(*91%9*+7!,-9%*+!*91%&%,6:!R,!*91%&%,1!,94-+*(,7!%/$%)'/-2,!*/$!3'6%/%,1!
*(94*'-+-)%,1,!-31'/!4*&'!9-66-/!)-*+,!*/$!1*()'1,!3-(!14'%(!%/,1%121%-/*+!*91%&%,67!,294!
*,Z!'>.*/$%/)!14'!$%&'(,%15!-3!14'!*(94*'-+-)%9*+!9-662/%157!.(-&%$%/)!,2..-(1!3-(!<-14!
,12$'/1,!*/$!3*92+15!3(-6!4%,1-(%9*++5!2/$'(('.(','/1'$!<*9J)(-2/$,7!9('*1%/)!,-9%*+!*/$!
*9*$'6%9!,2..-(1!/'10-(J,!3-(!,12$'/1,!*/$!N2/%-(!3*92+15!*9(-,,!$'.*(16'/1,!*/$!'&'/!
2/%&'(,%1%',7!*/$!.(-6-1%/)!*99',,!1-!*(94*'-+-)5!1-!14-,'!9-662/%1%',!15.%9*++5!'>9+2$'$!
3(-6!14'!2/%&'(,%15!*/$!$%,9%.+%/':!!!

C%14%/!14'!*(94*'-+-)%9*+!9-662/%157!3'6%/%,1!*(94*'-+-)%,1,!4*&'!<''/!.*(1%92+*(+5!
%/,1(26'/1*+!%/!$'&'+-.%/)!*/!%/1'(,'91%-/*+!*..(-*94!1-!%/,1%121%-/*+!*91%&%,6!14*1!
9-//'91,!1(*$%1%-/*++5!3'6%/%,1!%,,2',!K':):7!'82*+%15!3-(!0-6'/!%/!14'!0-(J!.+*9'!*/$!
,-9%'15M!0%14!14-,'!14*1!9-/9'(/!-14'(!6*()%/*+%@'$!9-662/%1%',:!!;4%,!%,!.'(4*.,!*!(',2+1!
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$%!&'()*!+$),*!$)!&'()*!+-./!%/0(1(20!3'-3!4)(3(56/*!3'/!$./)7'/,0(18,9!7'(3/!-1*!
0(**,/:4,-22!0-;/:6<!$%!%/0(1(232!3'/02/,./2=!7'(4'!(1!36)1!%$)4/*!%/0(1(232!3$!
61*/)23-1*!'$7!-1*)$4/13)(20!-1*!2/>(20!7$);2!-,$182(*/!-1*!(1!4$0?(1-3($1!7(3'!$3'/)!
%$)02!$%!*$0(1-3($1!264'!-2!)-4(20@!!A1!-**(3($1!3$!(12<()(18!1/7!8/1/)-3($12!$%!%/0(1(232!
3$!4$12(*/)!3'/!(13/)2/43($1-,(39!$%!$<<)/22($1!-1*!0-)8(1-,(B-3($1=!&'()*!+-./!%/0(1(20!
-33/0<32!3$!/23-?,(2'!4$$</)-3(./!-43(.(20!7(3'!$3'/)!$<<)/22/*!2$4(-,!8)$6<2!2$!-2!3$!
2</-;!3$!3'/!06,3(<,/!)/,-3($12!$%!*$0(1-3($1!3'-3!(0<-43!-,,!4$0061(3(/2=!%/0-,/!$)!
$3'/)7(2/@!!!

+(3'(1!3'/!4$13/>3!$%!-)4'-/$,$89=!3'(2!(13/)2/43($1-,!-<<)$-4'!3$!-43(.(20!'-2!)/26,3/*!(1!
2/./)-,!61(56/!$./),-<2!?/37//1!%/0(1(23!-1*!(1*(8/1$62!-)4'-/,$8(/2@!C$)!/>-0<,/=!
%/0(1(23!-)4'-/$,$8(232!'-./!?//1!(123)60/13-,!(1!*/./,$<(18!-!%/0(1(23=!,(?/)-3$)9!
</*-8$89!3'-3!4$13)(?63/2!3$!3'/!/0<$7/)0/13!$%!?$3'!236*/132!-1*!4$0061(3(/2!DE$1;/9!
-1*!&)(18'-0!FGGHI!J/)$!FGGHK@!!L3!(123(363($12!264'!-2!3'/!M1(./)2(39!$%!E-,(%$)1(-!-3!
N/);/,/9=!%/0(1(23!-)4'-/$,$8(232!O-)8-)/3!E$1;/9!-1*!P63'!&)(18'-0!'/,</*!3$!4)/-3/!3'/!
L)4'-/$,$89!L%3/):Q4'$$,!R)$8)-0!-3!P$$2/./,3!O(**,/!Q4'$$,!(1!S-;,-1*@!!&')$68'!3'(2!
<)$8)-0!61*/)8)-*6-3/!236*/132!(1!-)4'-/$,$89!-1*!-13')$<$,$89!0/13$)!9$63'2=!7'$!-)/!
0$23,9!%)$0!61*/):)/<)/2/13/*!0(1$)(39!4$0061(3(/2=!-1*!62/!-)4'-/$,$89!-2!-!4$1*6(3!
%$)!(14)/-2(18!3'/2/!236*/132T!0/*(-!,(3/)-49@!!&'(2!62/!$%!</*-8$89!-1*!61(./)2(39!
)/2$6)4/2!%$)!3'/!?/1/%(3!$%!4$0061(39!/*64-3($1!(2!-,2$!2'-)/*!7(3'!(1*(8/1$62!24'$,-)2!
$%!-)4'-/$,$89=!7'$!'-./!2(0(,-),9!*/./,$</*!/*64-3($1-,!<)$8)-02!%$)!?$3'!3)(?-,!-1*!
,$4-,!4$0061(3(/2!DL3-,-9!UVV"=!UVVWK!!!

&'/!,(1;-8/2!?/37//1!%/0(1(23!-1*!(1*(8/1$62!-)4'-/$,$89!4-1!-,2$!?/!$?2/)./*!-3!3'/!
,/./,!$%!0/13$)2'(<!$%!(1*(8/1$62!-1*!$3'/)!0(1$)(39!-)4'-/$,$8(232@!!L3!-!*/<-)30/13!,(;/!
3'/!M1(./)2(39!$%!E-,(%$)1(-=!N/);/,/9=!%$)!/>-0<,/=!-)4'-/$,$8(232!-1*!%/0(1(232!O-)8-)/3!
E$1;/9=!E')(23(1/!X-23$)%=!P$2/0-)9!Y$94/=!P63'!&)(18'-0=!-1*!Z-6)(/!+(,;(/!'-./!7$);/*!
3$!4)/-3/!-!*(./)2/!-1*!26<<$)3(./!-4-*/0(4!4$0061(39!?$3'!(1!3/)02!$%!3'/!8)-*6-3/!
236*/132!3'/9!'-./!'/,</*!3$!-*0(3!-1*!3'/!7(*/)!61(./)2(39!4$0061(39!7'/)/!2/./)-,!
'-./!2/)./*!$1!*(./)2(39!-1*!/56(39!<-1/,2@!&'(2!'-2!)/26,3/*!(1!-1!(14)/*(?,9!*(./)2/!
8)-*6-3/!236*/13!<$<6,-3($1!3'-3!(14,6*/2!L%)(4-1:L0/)(4-12=!O/>(4-12=!O/>(4-1:
L0/)(4-12=!Y-<-1/2/:L0/)(4-12=![-3(./!L0/)(4-12=!0-19!%()23:8/1/)-3($1!4$,,/8/!236*/132=!
-1*!2/./)-,!(13/)1-3($1-,!236*/132!%)$0!4$613)(/2!264'!-2!&6);/9!-1*!Q$63'!L%)(4-@!
L,3'$68'!(3!,(/2!$632(*/!3'/!24$</!$%!3'(2!*(22/)3-3($1!3$!4$0<-)/!3'/!*(./)2(39!)-3/2!-4)$22!
-,,!*/<-)30/132!3'-3!$%%/)!-!R'@\@!(1!-13')$<$,$8(4-,!-)4'-/$,$89=!(3!(2!2(81(%(4-13!3$!1$3/!
3'-3!$63!$%!-!3$3-,!%(%3//1!46))/13!(1*(8/1$62:(*/13(%(/*!-)4'-/$,$8(232=!3'/!N/);/,/9!
<)$8)-0!'-2!<)$*64/*!37$!$%!3'/2/!8)-*6-3/2!-1*!(2!46))/13,9!0/13$)(18!%$6)!0$)/!2/,%:
(*/13(%(/*!(1*(8/1$62!-)4'-/$,$8(232=!1$3!3$!0/13($1!3'$2/!8)-*6-3/2=!264'!-2!092/,%=!7'$!
7$);!$1!(226/2!)/,-3/*!3$!(1*(8/1$62!-1*!$3'/)!4$0061(39!-)4'-/$,$8(/2@!!&'$68'!3'(2!
/.(*/14/!(2!-1/4*$3-,!A!?/,(/./!(3!)/%,/432!7(*/)!3)/1*2!-22$4(-3/*!7(3'!%/0(1(23!-43(.(20!
7(3'(1!3'/!-4-*/09@!!C6)3'/)!(156()9!(13$!3'/!4$11/43($12!?/37//1!%/0(1(23!-)4'-/$,$89!
-1*!(32!26<<$)3!$%!(1*(8/1$62!-1*!$3'/)!0(1$)(39!-)4'-/$,$8(232!0-9!<)$./!/2</4(-,,9!
%)6(3%6,!-1*!.-,(*!$632(*/!$%!3'(2!,(0(3/*!4-2/!236*9@!

[$1/3'/,/22!7/!4-1!-,2$!2//!3'/2/!4$11/43($12!-3!-!,-)8/)=!*(24(<,(1-)9!,/./,!-2!0-19!
%/0(1(23!-1*!(1*(8/1$62!-)4'-/$,$8(232!D1$3!3$!0/13($1!$3'/)!-)4'/$,$8(232!,$4-3/*!$1!3'/!
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$%&'()*!+&!,-&()'./!*012!%*!3%&4(*5*6!1&(5(1%7!%&12%.+7+'(*5*6!8-&(1%)98$.&(1%)!
%&12%.+7+'(*5*6!.51:;!2%<.!1&.%5.=!0)(>0.!?%&5).&*2(?*!%)=!).5@+&A*!@(52!+).!%)+52.&:!B2(*!
1++?.&%5(+)!(*!?.&2%?*!C.*5!@(5).**.=!%5!D.%&7D!*+1(.5D!$..5()'*!2+*5.=!CD!52.!E+1(.5D!-+&!
8$.&(1%)!8&12%.+7+'D!FE88;!%)=!8$.&(1%)!8)52&+?+7+'(1%7!8**+1(%5.=!F888;!@2.&.!
$.$C.&*!1+)).15!@(52!+).!%)+52.&6!?7%)!G+()5!*.**(+)*6!%)=!*0??+&5!.%12!+52.&*!@+&A:H!!!
B2(*!1++?.&%5(+)!(*!%7*+!&.-7.15.=!()!52.!I7+*.5!I2(1A.)*!7(*5*.&<6!1+$?&(*.=!+-!%!1+77.15(+)!
+-!()=('.)+0*!*12+7%&*!%)=!52+*.!@2+!*0??+&5!()=('.)+0*!%&12%.+7+'D!F*..!85%7%D!JKKL%!
-+&!%!=.*1&(?5(+)!+-!52.!+&('()*!+-!52.!I7+*.5!I2(1A.)*;6!%)=!52.!I+%7(5(+)!-+&!M)=('.)+0*!
8&12%.+7+'(*5*!FIM8;6!1&.%5.!@2%5!(*6!()!.--.156!%!*0??+&5!).5@+&A!-+&!*12+7%&*!@2+*.!@+&A!
%)=!?.&*+)%7!(=.)5(5(.*!*5(77!7(.!*+$.@2%5!+05*(=.!52.!$%()*5&.%$!+-!%&12%.+7+'D:!!B2.*.!
<(&50%7!%)=!&.%7!1+$$0)(5(.*!%77+@!()=(<(=0%7*!5+!1+)).15!@(52!+).!%)+52.&!%1&+**!
()*5(505(+)%76!%)=!.<.)!()5.&)%5(+)%7!C+&=.&*6!*2%&.!$.**%'.*!+-!*0??+&5!%)=!
.)1+0&%'.$.)56!%)=!.<.)!$+C(7(N.!%*!%!1+$$0)(5D!+-!*12+7%&*!()!&.*?+)*.!5+!).@!
=.<.7+?$.)5*!F.:':6!52.!1++&=()%5.=!&.*?+)*.!+-!IM8!%)=!I7+*.5!I2(1A.)*!$.$C.&*!5+!52.!
?0C7(1%5(+)!+-!52.!).@!&07.*!&.'%&=()'!I0750&%77D!O)(=.)5(-(%C7.!P0$%)!Q.$%()*!CD!52.!
R.?%&5$.)5!+-!52.!M)5.&(+&;:!!M5!(*!?.&2%?*!)+!*0&?&(*.!52%5!$%)D!+-!52.!%&12%.+7+'(*5*!
()<+7<.=!()!52.*.!).5@+&A*!5&%)*1.)=!C+0)=%&(.*!%)=!C+&=.&*!%)=!%15(<.7D!(=.)5(-D!%*!
-.$()(*5*6!3%&4(*5*6!1&(5(1%7!%)=!1+$$0)(5D!%&12%.+7+'(*5*6!.51:!

S.*5!@.!$()($(N.!52.!@+&A!+-!()=(<(=0%7!*12+7%&*6!@.!%7*+!*..!2+@!52.*.!?+7(5(1%7!
1+$$(5$.)5*!($?%15!52.(&!()=(<(=0%7!&.*.%&12!%'.)=%*:!!T+&!.4%$?7.6!3%&'%&.5!I+)A.DU*!
*0??+&5!-+&!()=('.)+0*!%)=!-.$()(*5!%&12%.+7+'D!(*!)+5!+)7D!.<(=.)1.=!()!2.&!1+$$(5$.)5!
5+!()1&.%*()'!()=('.)+0*!?.&*?.15(<.*!()!52.!E886!+-!@2(12!*2.!(*!52.!10&&.)5!V&.*(=.)56!C05!
2.&!+@)!*12+7%&*2(?!-0&52.&!(770$()%5.*!52.!@%D*!()!@2(12!-.$()(*5!%)=!()=('.)+0*!
?.&*?.15(<.*!+<.&7%?!+)!(**0.*!+-!%&12%.+7+'(1%7!52.+&D!%)=!$.52+=*!F.:':6!I+)A.D!JKKW;:!!
3%&4(*56!()=('.)+0*!%)=!-.$()(*5!%&12%.+7+'(*5*!7(A.!Q%)=%77!31X0(&.6!-+&!.4%$?7.6!2%<.!
%7*+!.4?7+&.=!52.*.!%1%=.$(1!()5.&*.15(+)*!@2(7.!%7*+!@+&A()'!+)!(**0.*!+-!.>0(5D!%)=!
=(<.&*(5D!@(52()!52.!%1%=.$(1!1+$$0)(5D!F31X0(&.!JKKH;:!!8$+)'*5!()=('.)+0*!*12+7%&*6!
$%)D!()=('.)+0*!%&12%.+7+'(*5*!*.7-9(=.)5(-D!%*!-.$()(*5!%*!@.776!%)=!*($(7%&7D!0*.!%!
-.$()(*5!%)=!()=('.)+0*!%??&+%12!()!+&=.&!5+!$%A.!*.)*.!+-!52.!7(<.*!+-!()=('.)+0*!@+$.)!
C+52!()!52.!?%*5!%)=!52.!?&.*.)5!FJKKW!888;:!B%A.)!()!1+$C()%5(+)!@(52!-.$()(*5!%)=!
()=('.)+0*!%??&+%12.*!5+!%15(<(*$6!52.*.!()5.&*.15(+)%7!%??&+%12.*!5+!%&12%.+7+'(1%7!
?&%15(1.!2%<.!$012!5+!+--.&!()!5.&$*!+-!+?.)()'!0?!52.!=(*1(?7().!+-!%&12%.+7+'D!5+!=(<.&*.!
1+$$0)(5(.*6!?.&*?.15(<.*6!%)=!?&%15(1.*:!

B2.!S($(5%5(+)*!+-!%!V+7(5(1%77D!Y)'%'.=!8&12%.+7+'D!

V055()'!?+7(5(1*!()5+!?&%15(1.6!2+@.<.&6!(*!)+5!@(52+05!1&(5(1(*$:!B2(*!(*!.*?.1(%77D!5&0.!()!
=.<.7+?()'!=.1+7+)(N.=!&.*.%&12!@2.&.!52.!<%7(=(5D!+-!%!?+7(5(1%77D!1+$$(55.=!?&%15(1.!(*!%!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
H!Y4%$?7.*!+-!52.*.!=(*1(?7()%&D!1+)).15(+)*!()170=.!52.!,T.$()(*5!%)=!M)=('.)+0*!8&12%.+7+'D/!*.**(+)!%5!
52.!JKKW!888!$..5()'*!()!Z%*2()'5+)6!RI:!!B2(*!*.**(+)6!+&'%)(N.=!CD!3%&'%&.5!I+)A.D!%)=!E+)D%!85%7%D6!
C&+0'25!5+'.52.&!)0$.&+0*!()=('.)+0*6!-.$()(*56!%)=!3%&4(*5!%&12%.+7+'(*5*!5+!=(*10**!52.!()5.&*.15(+)*!%)=!
1+$$+)!C+)=*!C.5@..)!52.(&!&.*.%&12:!![0(5.!$.$+&%C7D6!52.!*+7(=%&(5D!+-!52.*.!%&12%.+7+'(*5*!F%)=!
%&12%.+7+'(.*;!@%*!?05!+)!=(*?7%D!@2.)!52.!2+5.7!*5%--!5&(.=!5+!@&%?90?!52.!*.**(+)!*+!%*!5+!*.590?!-+&!52.!
).45!.<.)56!52.!&.1.?5(+)!-+&!52.!8**+1(%5(+)!-+&!8-&(1%)(*5!8)52&+?+7+'D:!!B2.!2.%=!+-!52%5!()5.&.*5!'&+0?6!
3%&5()!Z+C*56!<+1(-.&+0*7D!=(**0%=.=!52.!@+&A.&*!-&+$!()5.&&0?5()'!52.!=(%7+'0.:!
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5##?<@!A*!,2!92'79-!,&!*/,2!$+2'!*%!*/,&B!+C%9*)!+2!D-,2%&!E.-,'!7(+F'2!,*)!=/'*/'(!%(!&%*!%9(!
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$%&:'(0'&$'!%7!,&;'>'&;'&*!2*(+&;2!%7!':,;'&$')!&%*!*%!+&!+;/'('&$'!%7!&+((%=!
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*/'!92'!%7!>%-,*,$2!/+2!+!>%2,*,:'!'77'$*!9>%&!+($/+'%-%0,$+-!,&*'(>('*+*,%&2!+2!,*!'&$%9(+0'2!
0('+*'(!('7-'O,:,*.!+&;!(,0%()!=/,$/!-'&;2!+!;,77'('&*!B,&;!%7!2*('&0*/!*%!29$/!
,&*'(>('*+*,%&2@!!P/'!7(+F'=%(B!7%(!>(%;9$,&0!B&%=-';0'!*/+*!E.-,'!/+2!;':'-%>';!
>(%:,;'2!+!2%-,;!C+2,2!C%*/!7%(!'&0+0,&0!=,*/!+-*'(&+*,:'!'>,2*'F%-%0,'2!1,@'@)!$%&*(,C9*,&0!
*%!*/'!0%+-2!%7!'>,2*'F,$!;'$%-%&,Q+*,%&!%9*-,&';!,&!-+*'(!,&!*/,2!$/+>*'(<!+&;!92,&0!
F9-*,>-')!,&;'>'&;'&*!-,&'2!%7!':,;'&$'!,&!+($/+'%-%0,$+-!,&*'(>('*+*,%&!12''!D&.%&!JKKNR!
S$/%TU+=B!5###R!V+((,2!JK66R!4+--%=+.!JKKJ)!5##NR!W,0/*7%%*!5##M)!5##6!7%(!+!
$%F>-,F'&*+(.!;,2$922,%&!%7!*/'!,&*'0(+*,%&!%7!'*/&%/,2*%(,'2)!/,2*%(,$+-!('$%(;2)!+&;!%(+-!
/,2*%(,'2!+&;!%(+-!*(+;,*,%&2!+2!,&;'>'&;'&*!-,&'2!%7!':,;'&$'!=,*/,&!+($/+'%-%0.<@!

E/,-'!E.-,'!1JK6N)!JK6K)!JKK5)!JKK?)!5##"<!('-,'2!9>%&!>/,-%2%>/,'2!%7!2$,'&$'!+&;!
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#78!+7!%+.+)!,(%+'-3D!!!
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$%&'%!()!*+,!-.*/-0,!-1!-2,3!45!6,73)!-1!/-8879-37*(-:!9,*;,,:!*+,!$7)+(7!<7:=!-1!%-0-!
&:=(7:)!7*!>*,;73*?)!%-(:*!@7:/+,3(7A!*+,!B78(1-3:(7!C,D73*0,:*!-1!%73E)!7:=!@,/3,7*(-:!
FBG!C%@HA!7:=!IB!<,3E,8,6!73/+7,-8-J()*)K!!$%&'%!()!7:!-.*J3-;*+!-1!*+,!L-3*!@-))!
G3/+7,-8-J(/78!%3-M,/*!FL@G%HA!*+,!J-78!-1!;+(/+!;7)!*-!9,**,3!.:=,3)*7:=!*+,!
/-00.:(*(,)A!+-.),+-8=)A!7:=!8(2,)!-1!L-3*!@-))N)!&:=(J,:-.)!3,)(=,:*)!FO(J+*1--*!,*!78K!!
#""#A!#""PQ!O(J+*1--*!,*!78K!#""RHK!!%3(-3!*-!L@G%!*+,!07M-3(*6!-1!73/+7,-8-J(/78!
(:2,)*(J7*(-:)!7*!L@>S%!;,3,!/,:*,3,=!;(*+(:!*+,!)*-/E7=,!/-0D-.:=A!1-/.),=!)-8,86!.D-:!
*+,!73/+(*,/*.378!+()*-36!-1!(*)!7))-/(7*,=!9.(8=(:J)A!7:=!96!,T*,:)(-:A!.D-:!*+,!8(2,)!-1!(*)!
+(J+,3!/87))A!@.))(7:!7:=!B3,-8,!3,)(=,:*)K!!&*!;7)!*+,!J-78!-1!L@G%!*-!)*,D!-.*)(=,!*+,!
)*-/E7=,!7:=!/-:=./*!873J,U)/78,!(:2,)*(J7*(-:)!-1!*+,!0.8*(U,*+:(/!:,(J+9-3+--=)!*+7*!
-:/,!).33-.:=,=!*+,!/-8-:6N)!)*-/E7=,K!!&*!()!(0D-3*7:*!*-!:-*,!+,3,!*+7*!*+,!07M-3(*6!-1!*+,!
/-8-:6N)!;-3E1-3/,!8(2,=!-.*)(=,!*+,!)*-/E7=,N)!;788)!7:=!3,)(=,=!(:!+-.),+-8=)!*+7*!;,3,A!
96!7:=!873J,A!(:*,3,*+:(/A!7:=!/-0D-),=!-1!@.))(7:A!B3,-8,A!7:=!V7*(2,!G87)E7:!0,:!7:=!
*+,(3!D73*:,3)A!*+,!27)*!07M-3(*6!-1!;+-0!;,3,!V7*(2,!B78(1-3:(7:!FO(J+*1--*!,*!78K!#""PQ!
%73E07:!#""WX#""PHK!(

G)!D73*!-1!L@G%A!73/+7,-8-J(/78!(:2,)*(J7*(-:)!;,3,!/733(,=!-.*!7*!*+,!V7*(2,!G87)E7:!
Y(887J,A!+-0,!*-!*+,!/-8-:6N)!V7*(2,!G87)E7:!;-3E,3)!7:=!*+,(3!;(2,)!F*+,!07M-3(*6!-1!
;+-0!;,3,!V7*(2,!B78(1-3:(7:H!F),,!O(J+*1--*!,*!78K!!#""PQ!O(J+*1--*!,*!78K!!#""RHA!7:=!7*!
Z,*(:(!Y(887J,A!7!#"*+!/,:*.36!$7)+767!%-0-!2(887J,!8-/7*,=!3-.J+86!#R5!0,*,3)!:-3*+!-1!*+,!
:-3*+!;788!-1!@.))(7:!)*-/E7=,!FO(J+*1--*!7:=![-:\78,\!0#"'1&#23.,Q!O(J+*1--*!,*!78K!455#HK!!
&:!7==(*(-:!*-!*+()!;-3EA!7!873J,U)/78,!).317/,!D,=,)*3(7:!).32,6!-1!*+,!D73EN)!D3-D,3*6!;7)!
=,)(J:,=!*-!=-/.0,:*!7:=!3,/-3=!*+,!1.88!+()*-36!-1!$7)+767!),**8,0,:*!78-:J!Z,*(:(N)!
/-7)*78!*,337/,!7:=!7=M7/,:*!3(=J,!)6)*,0!FO(J+*1--*!,*!78K!!#""#HK!B-09(:,=A!*+,),!D3-M,/*)!
+,8D,=!*-!)+,=!:,;!8(J+*!.D-:!*+,!$7)+767N)!+,3(*7J,!;(*+(:!*+,(3!7:/,)*378!+-0,87:=!7:=!
3,2,78,=!(:!J3,7*,3A!7:=!(:!07*,3(78A!=,*7(8!7)D,/*)!-1!=7(86!8(1,!;(*+(:!*+,!@.))(7:!G0,3(/7:!
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4,..52L!('4)+-2E!)-7!)-!)22,(*4'-*!,<!"J*9!)-7!:S*9!6'-*5(/!9+2*,(+6!)(*+<)6*2!?>)0.'!#=:B=!
G'!'C6)I)*'7!*,!)!*,*).!7'&*9!,<!8T=$!*,!AS!6'-*+4'*'(2!?@+15('!#=8"B=!!>9(,519,5*!0,*9!
5-+*2!;'!'-6,5-*'('7!)!(+69!29'..!4+77'-!7'&,2+*!6,4&(+2'7!,<!2)-7/!.,)4!2,+.2!,<!)!7)(L!
1()/+29!0(,;-!?"S/(!AU:B!*,!I'(/!7)(L!1()/+29!0(,;-!?:=$/(!8U:B!6,.,(=!!F,!2+1-+<+6)-*!2,+.!
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1)2!34!536678!
9! :;! <9! =>! ?;! 4<! 9@! 9<! 9*! 4A! @B! >=! 4*! *! "/-#%!
"! +! I"! #! I! N! NN! "! N! +! )$! "+! +! +! G+"!
G! +! G$! I! G"! +! I"! +! I! "! "HN! I"! +! +! G*+!
I! +! $! G! I! "! "+! +! +! +! GGG! "#! N! +! G$$!
N! +! +! "! +! +! N! +! +! +! I)! "! +! +! NH!

"/-#%! +! $I! "N! G*! H! #)! "! *! "! H""! $+! N! +! 7'3!

1C2!34!536678!

9! :;! <9! =>! ?;! 4<! 9@! 9<! 9*! 4A! @B! >=! 4*! *! "/-#%!
"! +! G"! I! "I! "! G*! "! G! +! HN! G! +! G! "G$!
G! +! GN! G! "I! H! I)! I! "! +! *I! "G! #! G! "#G!
I! +! "H! N! H! G! GN! G! +! +! ""N! ""! "! +! "*#!
N! +! #! +! )! +! "*! "! +! +! $"! G! $! +! "+N!

"/-#%! +! $#! )! N+! #! "+*! *! I! +! I+G! G*! "H! N! DE6!
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'! %! *! +! +! &! "#! %! #! #! "*%! %+! $! %! '('!
$! #! (! (! +! #! $&! #! %(! #! '+'! )%! %%! #! &$&!
&! %! "! %! #! #! (! #! '! #! )#! "(! #! #! %%*!
(! #! "! "! #! #! &! %! $! #! %%$! %'! %! #! %$"!

?(&%6* "! (+! ""! ')! ''! %$$! $! ''! #! %#'"! %$)! (#! "! @B2B*

B-*+/*0.1123*

4#5#6* 7/* 84* 9:* ;/* <8* 4=* 48* 4!* <-* =>* :9* <!* !* ?(&%6*
%! #! %"! $! %! &! '#! #! #! #! '#! (! $)! "! %')!
"! %! &"! %#! '(! #! %#(! #! #! #! *+! '$! &$! $! '*$!
'! '! %(! &! +! #! '+! '! %! #! '&"! &*! &! %! $)*!
$! #! )! '! '! +! $'! "! $! %! '(#! +&! #! #! &#(!
&! "! '! "! %! #! %)! %! #! #! '*#! $&! #! #! $("!
(! #! %! %! '! #! +! %! %! #! %$'! &! $! #! %((!

?(&%6! (! *"! "&! &%! %"! "$%! +! (! %! %'+"! ""$! %%%! +! .@BB*



! "#$!

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

+,-,.# /%# 0+# 12# 3%# 40# +5# +0# +6# 4"# 57# 21# 46# 6# 89:;.#
%! #! &! &! &! #! %'! #! #! #! %(! $! %()! #! "%&!
"! %! '%! )! %$! $! $'! #! '! #! *&! %+! (#! %! "*#!
'! %! %'! $! )! (! $&! #! #! #! %*+! &! %! "! "*'!
&! #! %%! &! %%! $! $#! #! #! #! "(*! )(! %! %! &'(!
$! %! &! #! %$! %! "%! #! #! #! %$%! '! %! #! %+*!
(! #! %! #! %! #! &! "! "! #! $'! %%! #! #! *&!
*! #! #! #! #! #! $! #! #! #! %'! (! #! #! "&!

89:;.! '! (&! "%! $&! %*! "##! "! $! #! *$'! %'&! "'%! &! <$))#

#

8;=.,#)>#)#,-./01!-2!340523601!3/7!23./38!49:35/1!24-:!;<94305-/!'=!"##)>!?89319!49294!0-!@3A89!)>%!2-4!3!791645<05-/!-2!0B9!
34052360!6-791>#

!

"#$%&'#!(! C930.49!%!D31!25410!-A194E97!5/!$F!'G!30!3!79<0B!-2!"$!69/05:90941!38-/H!0B9!
/-40B!1579D388!-2!0B9!./50>!@B9!2930.49!6-/151097!-2!3!:3045I!-2!31B!3/7!13/7J!683J!1-581!0B30!
D949!85HB0!J988-D51B!A4-D/!K%#J4!(L&M!5/!6-8-4!0B30!1<3//97!&$!69/05:90941!38-/H!0B9!
/-40B!D388!-2!0B9!./50=!3<<4-I5:3098J!"$!69/05:90941!9310!-2!0B9!NO!/358!3/7!9I09/797!-.0!
3<<4-I5:3098J!"!0-!&!69/05:90941!1-.0B!-2!0B51!D388>!!P/!377505-/!0-!0B51!:3045I=!834H9!<5969!
-2!6B346-38!D949!2-./7!-/!0B9!97H91!-2!0B9!2930.49=!38-/H1579!-J1094!1B9881!K0B9!-/8J!-/91!
2-./7!30!0B9!1509M=!1-:9!:3::38!A-/91=!3/7!3!6-.<89!1:388!6B940!283Q91!K8911!0B3/!'!
:5885:90941!5/!89/H0BM>!!P/!388=!0B9!2930.49!D31!A90D99/!"!3/7!*!69/05:90941!0B56Q>!!R88!-2!0B9!
1-58!:3045I!24-:!0B51!2930.49!D31!6-8896097!2-4!2.0.49!3/38J151!-2!1-581!3/7!:364-A-03/5638!
49:35/1>!

S<-/!9I63E305-/!-2!0B9!./50!7549608J!/-40B!K&F!'GM!D9!-A194E97!0B9!6-/05/.305-/!-2!C930.49!
%>!!P/!501!9/05490J=!0B51!2930.49!6-/151097!-2!0B499!1<305388J!4983097!79<-1501!-2!3/!31B!3/7!683J!
8-3:!:3045I!K%#J4!(L&T85HB0!J988-D51B!A4-D/M!0B30!D949!388!8-63097!5/!0B9!1-.0B94/!B382!-2!
0B9!9I63E305-/!./50=!-2!DB56B!-/9!<3405388J!9I09/797!1-.0B!5/0-!./50!$F!'G>!!RH35/=!0B919!
79<-1501!D949!25410!/-097!30!3!79<0B!-2!"*!69/05:90941!A98-D!0B9!H4-./7!1.42369!3/7!
6-/05/.97!0-!3!0-038!79<0B!-2!A90D99/!'&!3/7!')!69/05:90941>!O9!-A194E97!3!85:5097!
/.:A94!-2!6.80.438!:30945381!5/!311-65305-/!D50B!0B919!79<-1501=!0B9!:3U-450J!-2!DB56B!D949!
85HB08J!A.4/97!<59691!-2!1B988>!R1!D50B!0B9!9I63E305-/!-2!0B9!2930.49!5/!$F!'G!D9!9I63E3097!
936B!-66.449/69!-2!0B9!79<-150!19<343098J!3/7!6-8896097!388!1-581!2-4!2.0.49!3/38J151>!O9!
D949!5/505388J!6-/694/97!0B30!0B9!31B!6-.87!A9!4983097!0-!3!649:305-/=!3/7!B38097!9I63E305-/!
5/!0B51!./50!./058!D9!6-.87!6-/1.80!D50B!0B9!V31B53!W3/7!-2!?-:-!P/753/1!KC5H.49!)>')M>!!
S<-/!6-/1.80305-/!3/7!2.40B94!9I3:5/305-/!-2!0B9!79<-150=!D9!79094:5/97!0B30!0B9!31B!3/7!
683J!8-3:!79<-1501!D949!/-0!6-/15109/0!D50B!1.6B!3/!5/094<490305-/>!;.4!<4985:5/34J!
5/094<490305-/!-2!0B51!2930.49!51!0B30!50!49<4919/01!3!75164990!7.:<!-2!31B!24-:!3!6--Q5/H!
4983097!9E9/0=!<94B3<1!4983097!0-!C930.49!"=!DB56B!D31!8-63097!&#!69/05:90941!0-!0B9!D910>!



! "#$!

!

!

!

!

!
!"#$%&'()'*('%&'()(*+,-!,.!/0(*120!34!!/2,5!60.*!*,!2+78*9!:(6*02!;-*,-0<!=1*!>(660?*2,?<!=0-,!/2(-@6+-!(-A!;B82,A+*0!

CD0E,4'



! "#$!

!

!

!

!"#$%&'()*+'%&'()*&!"+!"$!,&-(./&(&*0!1&234!5*3)-6!0)*7',&!

!"#$%&'(),-!%&'()*&!"+!8"!,&-(./&(&*0!1&234!5*3)-6!0)*7',&!



! "#$!

!"#$%&"'(' %&'()*&!"!+,-./.(&0!,1!'!+,22&+(/,-!,1!.,3&!4"!.'-0.(,-&!*,+5.6!'22!7/(8!12'(!
.)*1'+&.6!78/+8!*'-9&!1*,3!4#!(,!:#!+&-(/3&(&*.!2,-9!'-0!4#!(,!"#!+&-(/3&(&*.!7/0&;!!
<8&.&!.(,-&.!'*&!+&-(&*&0!/-!)-/(!=>!"?!'-0!1,*3&0!(7,!+2).(&*.!7/(8/-!(8&!)-/(@!1,)*!
.(,-&.!7&*&!9*,)A&0!(,9&(8&*!'2,-9!(8&!-,*(8!./0&7'22!'-0!(8&!*&3'/-/-9!&/98(!.(,-&.!
7&*&!2,+'(&0!/-!(8&!.,)(8&*-!8'21!,1!(8&!)-/(;!!<8&!.,)(8&*-!+2).(&*!7'.!,B.&*C&0!B&9/--/-9!
'(!'!0&A(8!,1!"D!+&-(/3&(&*.!B&2,7!(8&!9*,)-0!.)*1'+&6!(8&!-,*(8&*-!'(!'!0&A(8!,1!:"!
+&-(/3&(&*.!B&2,7!(8&!9*,)-0!.)*1'+&!E%/9)*&.!$;:F6!$;=#G;!!H1!(8&!.(,-&.6!.&C&-!'*&!
+2'../1/&0!'.!9*,)-0.(,-&!(,,2.6!78/+8!/-+2)0&0!(7,!.2'B!3/22/-9.(,-&.6!,-&!A,../B2&!
8'-0.(,-&!'-0!1/C&!)-0&(&*3/-&0!9*,)-0.(,-&!(,,2.;!!<8&!*&3'/-/-9!.(,-&.!'*&!'22!1/*&I
+*'+5&0!'-0!8'C&!.3,,(86!12'(!.)*1'+&.!B)(!&J8/B/(!-,!9*/-0/-96!A&+5/-9!,*!,(8&*!./9-.!,1!
3'-)1'+()*&!,*!).&I7&'*;!K/98!+,-+&-(*'(/,-.!,1!+8'*+,'2!7&*&!,B.&*C&0!/-!0/*&+(!
'..,+/'(/,-!7/(8!(8&!+,BB2&.!'-0!9*,)-0.(,-&!2,+'(&0!'2,-9!(8&!-,*(8!7'22!,1!(8&!)-/(;!!L&!
+,22&+(&0!'22!(8&!.,/2.!'*,)-0!(8&.&!*,+5.!1,*!1)()*&!3'+*,B,('-/+'2!'-'2M./.;!!N,!./3/2'*!
+,-+&-(*'(/,-!,1!+8'*+,'2!7'.!1,)-0!/-!'..,+/'(/,-!7/(8!(8&!9*,)-0.(,-&!'-0!1/*&I+*'+5&0!
*,+5.!/-!(8&!.,)(8&*-!8'21!,1!(8&!)-/(6!(8,)98!8/98!+,-+&-(*'(/,-.!,1!+8'*+,'2!7&*&!1,)-0!
(8*,)98,)(!(8&!&J+'C'(/,-!,1!(8&.&!.(,-&.;!

!O22!,1!(8&!*,+5.!-,(&0!'.!A'*(!,1!(8/.!1&'()*&!2/&!A'*'22&2!(,!(8&!12,,*!,1!(8&!)-/(;!<8&!1'+(!(8'(!
'22!9*,)-0.(,-&!&J8/B/(&0!).&I7&'*!,-!(8&!&JA,.&0!.)*1'+&.!.)AA,*(.!(8&!+,-+2)./,-!(8'(!
(8&.&!.(,-&.!7&*&!A)*A,.&1)22M!'2/9-&0!,*!'**'-9&0!/-!(8/.!3'--&*;!!<8&!+,-+&-(*'(/,-.!,1!
+8'*+,'26!'-/3'2!B,-&6!.8&221/.8!*&3'/-.6!'-0!7,,0!'2.,!.)99&.(.!(8'(!(8/.!1&'()*&!/.!*&2'(&0!
(,!'!+,,5/-9!,*!1,,0IA*,+&../-9!&C&-(;!!<8&!9*,)-0.(,-&!(,,2.!1*,3!(8/.!1&'()*&!7&*&!
+,22&+(&0;!!O(!'!1)()*&!0'(&!7&!8,A&!(,!.)B3/(!(8&.&!.(,-&.!1,*!A,22&-6!.('*+8!9*'/-!'-0!,A'2!
A8M(,2/(8!'-'2M./.!(,!0&(&*3/-&!78'(6!/1!'-M6!A2'-(!3'(&*/'2.!7&*&!A*,+&..&0!)./-9!(8&.&!
9*,)-0.(,-&!(,,2.;!

O-'2M./.!,1!'*(/1'+(.!1*,3!=>!"?!/-0/+'(&!(8'(!1&'()*&!"!+*&'(&0!'-!/-('+(6!+'AA&0!0&A,./(!,1!
.8&22!3/00&-!(8'(!/.!/-!0/*&+(!'..,+/'(/,-!7/(8!(8&!)-0&*2M/-9!*,+5!+,BB2&!1,)-0'(/,-.!
E%/9)*&!$;:DG;!!<8/.!/-(&*A*&('(/,-!7'.!/-/(/'22M!A*,A,.&0!0)&!(,!(8&!'2/9-3&-(!'-0!
0/.(*/B)(/,-!,1!(8&!.(,-&.6!78/+8!7&*&!'22!0/.+,C&*&0!'(!*,)982M!(8&!.'3&!0&A(8!'-0!
&J(&-0&0!'+*,..!'23,.(!(8*&&IP)'*(&*.!,1!(8&!)-/(;!!%)*(8&*3,*&6!0&A,./(.!'..,+/'(&0!7/(8!
Q&C&2!R!'AA&'*&0!(,!8'C&!'!8/98!0&9*&&!,1!/-(&9*/(M6!'.!(8&!,-2M!0/.()*B'-+&.!-,(&0!/-!(8/.!
2&C&2!,++)**&0!/-!'*&'.!,1!(8&!)-/(!(8'(!7&*&!2,+'(&0!,)(./0&!,1!(8&!(7,!2,+'2/S&0!'*&'.!,1!
%&'()*&!";!

<8/.!/-(&*A*&('(/,-!/.!.)AA,*(&0!BM!(8&!,B.&*C&0!A'((&*-.!,1!'*(/1'+(!'-0!1')-'2!*&3'/-!
0&-./(/&.!,B.&*C&0!1,*!=>!"?!/-!+,3A'*/.,-!(,!(8&!,(8&*!&J+'C'(&0!)-/(.!,1!HA&*'(/,-!:;!!
T-.(&'0!,1!)./-9!./3A2&!'*(/1'+(!0&-./(M!+'2+)2'(/,-.6!T!8'C&!+'2+)2'(&0!(8&!0&-./(M!,1!3/00&-!
0&A,./(.;!!U/00&-!0&-./(/&.!*&+,*0!(8&!+,3B/-&0!0&-./(M!,1!B,(8!'*(/1'+(.!'-0!1')-'2!
*&3'/-.;!!<'B2&.!$;F!'-0!$;4#!2/.(!3/00&-!0&-./(/&.!1,*!&'+8!)-/(!'-0!&J+'C'(&0!2&C&2!,1!
HA&*'(/,-!:;!!%/*.(6!1,*!)-/(!=>!"?!(8&!0&A,./(.!0/*&+(2M!'B,C&!%&'()*&!"!EQ&C&2!:G!+,-('/-!
:#V!3,*&!'*(/1'+(.!(8'-!(8&!0&A,./(.!2,+'(&0!0/*&+(2M!B&2,7!(8&!1&'()*&!EQ&C&2!RG;!!T-!1'+(6!
(8&!0&-./(M!,1!(8&!3/00&-!'B,C&!%&'()*&!"!/.!(8&!8/98&.(!*&+,*0&0!,1!'22!)-/(.!7/(8/-!
HA&*'(/,-!:6!78/+8!/.!)-).)'2!9/C&-!(8'(!3/00&-!0&-./(/&.!7&*&!9&-&*'22M!2,7&*!1*,3!"#I
:#!+&-(/3&(&*.!B&2,7!(8&!9*,)-0!.)*1'+&!(8'-!(8&M!7&*&!:#I=#!+&-(/3&(&*.!B&2,7!(8&!
9*,)-0!.)*1'+&!7/(8/-!(8&.&!)-/(.;!



! "#$!

!
!

Unit 

Total # 
Artifacts and 

Faunal 
Remains 

Excavated 
Volume (m!) 

Midden 
Density (m!) 

4S 2E 1758 .55 3084 
5S 2E 1916 .50 3832 

4S 3E 1585 .50 3170 

5S 3E 2155 .50 4310 

5S 4E 1488 .55 2705 
!"#$%&'(&)!%&'()!*+,,-.!/-*(+.0!(.,!*+,,-.!,-.0+'1!21!3.+'4!56-/('+&.!78!

!

*+&,-& .+&,-& *+&/&-& .+&/-& .+&*-&
0%1%$&

2%345&
6#%$78&9:;4&
<"49=>&

?& m!& ?& m!& ?& m!& ?& m!& ?& m!&

9! #:9#!;*! <=! <=#! 99>! 99>#! 977! 977#! 97?! 97?#! "9<! "9<#!
"! 9#:"#!;*! 9<<! 9<<#! ><$! ><$#! "?7! "?7#! 7$<! 7$<#! "@#! "@##!
7! "#:7#!;*! ="$! ="$#! <<<! <<<#! 7=7! 7=7#! <?$! <?$#! "@7! "@7#!
<! 7#:<#!;*! !"#$ !"##$ =<@! =<@#! ><>! ><>#! >#=! >#=#! <7=! <7=#!
>! <#:<>!;*! ">"! >#<#! 9""! "<<#! 99$! "7?#! <="! $"<#! 9$@! 7$<#!
=! <>:>#!;*! 9>?! 79=#! 7$! @?#! 9<"! "?<#! 9==! 79##! @<! 9<?#!
@! >#:>>!;*! 7$! @?#! ABC! ABC! ABC! ABC! ABC! ABC! "<! <?#!

!"#$%&'(&@A&%&'()!*+,,-.!/-*(+.0!(.,&*+,,-.!,-.0+'1!21!3.+'!(.,!)-D-)4!56-/('+&.!78!E-('3/-!"4!FG+;G!F(0!/-;&/,-,!+.!
H-D-)!<!&I!<J!"K!+0!+'()+;+L-,!(.,!+.!2&),8&

!

J-;&.,4!'G-!,-.0+'1!&I!'G-!*+,,-.!+.!H-D-)!>!M<#:<>!;-.'+*-'-/0!2-)&F!'G-!N/&3.,!03/I(;-O!
+0!'G-!0-;&.,!G+NG-0'!,-.0+'1!/-;&/,-,!I&/!'G('!-P3+D()-.'!,-6'G!F+'G+.!56-/('+&.!7>!(.,!
'G+0!,-.0+'1!+0!*&/-!'G(.!>#Q!G+NG-/!'G(.!'G&0-!.&'-,!I&/!'G-!-P3+D()-.'!)-D-)0!+.!(,R(;-.'!
3.+'0!>J!"K!(.,!<J!7K8!!E3/'G-/*&/-4!*+,,-.!,-.0+'1!+0!/&3NG)1!-P3+D()-.'!2-'F--.!H-D-)!<!
(.,!H-D-)!>!+.!<J!"K4!FG+;G!+0!()0&!3.303()!N+D-.!'G('!'G-!(2&D-!(,R(;-.'!3.+'0!-SG+2+'!(!
>#Q!&/!*&/-!,-;/-(0-!+.!*+,,-.!,-.0+'1!2-'F--.!'G-0-!-P3+D()-.'!)-D-)0!MTG(/'!?89O8!
%G&3NG!'G-!0+*+)(/+'1!+.!*+,,-.!,-.0+'+-0!2-'F--.!H-D-)!<!(.,!>!;&3),!2-!(''/+23'-,!'&!'G-!
D&)3*-!&I!'G-!/&;U0!(00&;+('-,!F+'G!E-('3/-!"4!'G-!;();3)('-,!D&)3*-!&I!'G+0!E-('3/-!MV!?Q!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
>!%G-!&.)1!-S;-6'+&.!'&!'G+0!+0!H-D-)!>!I/&*!>J!7K4!'G&3NG!+'!0G&3),!2-!.&'-,!'G('!'G+0!06+U-!+.!(/'+I(;'!,-.0+'1!
+0!0&)-)1!(''/+23'-,!'&!(!G+NG!.3*2-/!&I!*300-)!M!"#$%&'()*%$+,-.$*.&'O!I/(N*-.'0!,+0;&D-/-,!+.!'G+0!3.+'!
M.W79$O4!F+'G&3'!FG+;G!(/'+I(;'!,-.0+'+-0!I&/!'G+0!)-D-)!F&3),!2-!"?=#!*X8!



! "#$!

%&!'%'()!*+,(-('*.!-%)/0*1!2(3!(!4*5)6567)*!608(,'!/8%4!'2*!,(),/)('*.!.*436'6*3!&%9!:*-*)!;<!!
=2*!%4)>!%'2*9!,(3*!?2*9*!?*!3**!9%/52)>!*@/6-()*4'!.*436'6*3!7*'?**4!)*-*)3!;!(4.!A!63!64!
/46'!AB!;CD!?2*9*!*+,(-('%93!4%'*.!(!2652!.*59**!%&!64'*596'>!(4.!)(,E!%&!76%'/97('6%4!
7*)%?!;$!,*4'60*'*93<!!=(E*4!'%5*'2*9D!'2*3*!0(9E*.!.6&&*9*4,*3!64!'2*!.*436'>!%&!(9'6&(,'!
(4.!&(/4()!9*0(643!3/88%9'3!'2*!,%4,)/36%4!'2('!F*('/9*!"!,9*('*.!(!,(88*.D!64'(,'!.*8%36'!
%&!32*))!06..*4!'2('!63!8%'*4'6())>!.63'64,'!&9%0!'2*!06+*.!32*))G06..*4!'2('!63!&%/4.!
7*'?**4!"$!(4.!H$!,*4'60*'*93!7*)%?!'2*!59%/4.!3/9&(,*!64!I8*9('6%4!H<!!!

!

!

F/9'2*9!3/55*3'645!'263!.63'64,'6%4D!'2*9*!(9*!/46@/*!.6&&*9*4,*3!7*'?**4!'2*!(9'6&(,'3!(4.!
&(/4()!9*0(643!9*,%-*9*.!&9%0!?6'264!(4.!(7%-*!F*('/9*!"!,%08(9*.!'%!'2%3*!(33%,6('*.!
?6'2!'2*!.*8%36'3!7*)%?!6'<!J4!7%'2!:*-*)!H!(4.!:*-*)!;!%&!;B!"C!'2*!&)(E*.!3'%4*!(33*07)(5*!
63!7*'?**4!K!(4.!LM!8*9,*4'!%&!'2*!'%'()!(33*07)(5*D!?2*9*(3!&)(E*.!3'%4*!?6'264!:*-*)!A!
(4.!:*-*)!L!(,,%/4'!&%9!#;<L!(4.!#A<KM!%&!'2*!'%'()!(9'6&(,'!(33*07)(5*N(4!64,9*(3*!%&!
(7%/'!#$$M<!!=263!8(''*94!63!%4)>!?6'4*33*.!64!%4*!%'2*9!/46'D!AB!"CD!?26,2!63!(.O(,*4'!'%!
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&+!!"#$%"&'"()*@!

T))?8/9!&+!+,%!&'+8*&-+7&.!&/5!*&7/&.!D&+%'8&.(!&(()-8&+%5!:8+,!+,%(%!*)7/5&+8)/(C!:%!-&/!
+%&(%!&;&'+!()D%!)*!+,8(!,8(+)'$@!!L)'!+,%!(+'7-+7'%!.)-&+%5!8/!K;%'&+8)/!"C!:%!*)7/5!&!.8/%!)*!
*%/-%!;)(+(!&;;')>8D&+%.$!34!-%/+8D%+%'(!1%.):!+,%!9')7/5!(7'*&-%C!:,8-,!%>+%/5%5!
/)'+,<()7+,!+,')79,!+:)!)*!+,%!7/8+(@!!E,%!2#UV!(7'B%$!D&;!)*!+,%!*)'+!&/5!+,%!J+7'+%B&/+!
;,)+)9'&;,!W2V64X!1)+,!5%;8-+!&!*%/-%!.8/%!WL897'%(!#@33C!#@36X!+,&+!.%&5(!*')D!+,%!/)'+,!
:&..!)*!+,%!(+)-?&5%C!)7+!;&(+!+,%!YF/58&/!P&/-,%'8&CZ!.8?%.$![%+8/8!I8..&9%@!!\&(%5!7;)/!+,8(!
%B85%/-%C!8+!8(!,89,.$!.8?%.$!+,&+!+,%!*%/-%!;)(+(!:%!'%-)B%'%5!8/!+,8(!);%'&+8)/!&'%!+,%!
'%D&8/(!)*!+,8(!,8(+)'8-&..$!5)-7D%/+%5!*%/-%!.8/%@!!!E,8(!8/58-&+%(!+,&+!1)+,!+,%!*8'%!%B%/+!
&/5!-)/(+'7-+8)/!)*!+,%!')-?!-)11.%!*)7/5&+8)/(!)--7''%5!;'8)'!+)!2#UV@!!H.+,)79,!+,%!
D855%/!D&+%'8&.(!58'%-+.$!&1)B%!+,%!')-?!-)11.%!*)7/5&+8)/(!:%'%!9%/%'&..$!D8>%5!8/!+,8(!
%>-&B&+8)/!1.)-?C!5%;)(8+(!.)-&+%5!58'%-+.$!1%.):!+,%!*%/-%!;)(+(!5%D)/(+'&+%5!&!,89,!
5%9'%%!)*!8/+%9'8+$@!!H'+8*&-+(!:8+,8/!+,8(!D&+'8>!5&+%!+)!+,%!%&'.$!+)!D85<2V+,!-%/+7'$C!+,7(!
*7'+,%'!(7;;)'+8/9!)7'!8/+%';'%+&+8)/!+,&+!1)+,!+,%!-)/(+'7-+8)/!)*!+,%!')-?!-)11.%!
*)7/5&+8)/(!&/5!*8'%!%B%/+!)--7''%5!;'8)'!&')7/5!+,%!D85<2#44(C!&/5!;)((81.$!57'8/9!+,%!
P7((8&/!;%'8)5!W2#2"<2#62X@!

]>-&B&+8)/!)*!K;%'&+8)/!3!&/5!8+(!&(()-8&+%5!*)7/5&+8)/!*7'+,%'!-.&'8*8%5!+,%!.8*%!,8(+)'$!)*!
1)+,!+,8(!178.58/9!&/5!8+(!)B%'.$8/9!(,%..!D855%/!5%;)(8+(@!!^7'8/9!+,%!(7DD%'!)*!"44#!:%!
'%*8/%5!)7'!%>-&B&+8)/!D%+,)5).)9$C!%>-&B&+8/9!+,%!5%;)(8+(!58'%-+.$!&1)B%!+,%!')-?!-)11.%!
*)7/5&+8)/!8/!U<-%/+8D%+%'!8/-'%D%/+(@!E,8(!%**%-+8B%.$!8D;)(%5!*8/%'!(+'&+89'&;,8-!-)/+').!
)B%'!5%;)(8+(!+,&+!:%'%!.&'9%.$!7/58**%'%/+8&+%5!8/!()8.!+%>+7'%C!+$;%C!-).)'C!)'!)+,%'!
-,&'&-+%'8(+8-(@!!H..!58&9/)(+8-!&'+8*&-+(!:8+,8/!U<-%/+8D%+%'(!&1)B%!+,%!*)7/5&+8)/!5&+%!+)!
+,%!.&+%!2_44(!+)!D85!2#44(@!!

H/&.$(8(!)*!L%&+7'%!"!&/5!8+(!7/5%'.$8/9!5%;)(8+(!;')B85%!9'%&+%'!(7;;)'+!*)'!+,8(!
-)/-.7(8)/C!&(!+,%!-))?8/9!&/5!9')7/5(+)/%!8D;.%D%/+(!-'%&+%5!&/!8/+&-+!5%;)(8+!)*!(,%..!
D855%/!D&+'8>C!:,8-,!:&(!8/!58'%-+!&(()-8&+8)/!:8+,!+,%!')-?!-)11.%!*)7/5&+8)/@!!M8+,8/!
+,8(!-&;;%5!!5%;)(8+!&..!58&9/)(+8-!&'+8*&-+(!8/58-&+%!&/!%&'.$!+)!D85!2V+,!-%/+7'$!5&+%@!F/!
*&-+C!D&/$!)*!+,%!&'+8*&-+(!(7-,!&(!(,%..<%59%5!;%&'.:&'%C!7/5%-)'&+%5!;%&'.:&'%(C!
;&+8/&+%5!*.&+!9.&((!D&/7*&-+7'%5!8/+)!&!;')`%-+8.%!;)8/+C!(=7&'%!-7+!/&8.(C!&/5!1.&-?!1)++.%!



! ""#!

$%&''!()*(+&,-!,.&,!/-'(*-),'!+/-&,-*!,.('!*-01'(,!'12-,(2-!*3/()$!,.-!2(*!,1!%&,-!43''(&)!
0-/(1*!567"8'967:8';<!!=>!,.-!)1)9*(&$)1',(+!&/,(>&+,'?@.(+.!()+%3*-!2-,&%!>/&$2-),'A!
%(B-%C!>/12!)&(%'!&)*!1/!1,.-/!D3(%*()$!.&/*@&/-A!0&,()&,-*!>%&,!$%&''A!&)*!'.-%%>('.!&)*!
2&22&%!/-2&()'?&%%!&/-!+1)'(',-),!@(,.!,.-!0/101'-*!*&,-!1>!,.('!*-01'(,<!

E&B-)!,1$-,.-/A!,.-!-F(*-)+-!!>/12!=0-/&,(1)!:!'3$$-','!,.&,!,.-/-!&/-!&,!%-&',!,./--!
43''(&)90-/(1*!-F-),'G!>(/',A!,.-!1++30&,(1)!&)*!3'-!1>!,.-!',/3+,3/-!/-0/-'-),-*!DC!,.-!
/1+B!+1DD%-!>13)*&,(1)'H!'-+1)*A!,.-!D3/)()$!-F-),!,.&,!2&C!.&F-!*-',/1C-*!,.('!',/3+,3/-!
1/!@&'!3'-*!,1!*('2&),%-!(,H!,.(/*A!,.-!>(%%()$!()!1>!,.-'-!>13)*&,(1)'!@(,.!.13'-.1%*A!
+11B()$A!&)*!@1/B!/-%&,-*!/->3'-<!!E.('!0&,,-/)!('!/-2&/B&D%C!'(2(%&/!,1!,.&,!1D'-/F-*!&,!
,.-!I&,(F-!J%&'B&)!K(%%&$-!'(,-A!@.-/-!/-'(*-),'!/13,()-%C!*320-*!>11*!&)*!.13'-.1%*!
@&',-!(),1!,.-!&D&)*1)-*!>13)*&,(1)'!1>!>1/2-/!.13'-.1%*!',/3+,3/-'!5L($.,>11,!-,!&%<!
6##7;<!!M)!,.-!+&'-!1>!,.&,!+1223)(,CA!/->3'-!*-01'(,'!.&*!&!/-2&/B&D%-!*-$/--!1>!(),-$/(,CA!
'1!23+.!'1!,.&,!-N+&F&,1/'!@-/-!&D%-!,1!(*-),(>C!()*(F(*3&%!*320()$!-0('1*-'<!!
O)>1/,3)&,-%CA!@-!@-/-!)1,!&D%-!,1!(*-),(>C!*('+/-,-!-0('1*-'!1/!*-01'(,'!13,'(*-!1>!,@1!
+&'-'!5P-&,3/-!6!&)*!P-&,3/-!";0&,,-/)!/->3'-!*('01'&%!()!,.-!'&2-!@&C<!!Q1@-F-/A!D&'-*!
301)!13/!&)&%C'('!1>!,.-!>13)*&,(1)'!&)*!,.-(/!&''1+(&,-*!2&,-/(&%!/-2&()'!@-!@-/-!&D%-!,1!
'-+3/-%C!&''1+(&,-!,.-'-!D3(%*()$'!&)*!,.-(/!'3D'-R3-),!2(**-)!*-01'(,'!@(,.!,.-!
.13'-.1%*'!*-0(+,-*!DC!S3.&3,9T(%%C!567"7;!&)*!K1U)-'-)B((!567V6;<!

P3/,.-/21/-A!,.-!*-01'(,'!@-!()F-',($&,-*!!,./13$.!$-10.C'(+&%!'3/F-CA!'3/>&+-!+1%%-+,(1)!
'3/F-CA!&)*!-N+&F&,(1)!01(),!,1!'3D'-R3-),!1++30&,(1)'!1>!,.('!/-'(*-),(&%!'0&+-<!!W-!.&F-!
+1)'(*-/&D%-!-F(*-)+-!/-$&/*()$!&%%!0-/(1*'!1>!3'-!1>!,.('!'(,-A!>/12!&)+(-),!.(',1/C!!,1!,.-!
43''(&)!0-/(1*!&)*!(),1!D1,.!,.-!X-N(+&)!&)*!J2-/(+&)!0-/(1*'<!!M)!,.-!+&'-!1>!,.-!>1/2-/A!
*-01'(,'!3)*-/%C()$!,.-!+1DD%-!>13)*&,(1)'!+1),&()!1)%C!,/&+-'!1>!&/,(>&+,3&%!&)*!>&3)&%!
/-2&()'<!!E.('!()>1/2&,(1)!('!+1)'(',-),!@(,.!-N+&F&,(1)!*&,&!>/12!D1,.!@(,.()!&)*!13,'(*-!
,.-!>1/,A!@.(+.!&%%3*-!,1!,.-!0-/(1*(+!3'-!1>!,.('!+1&',&%!,-//&+-!&'!&!$&,.-/()$!0%&+-H!&!0%&+-!
,1!+1%%-+,!/-'13/+-'!>/12!,.-!)-&/DC!P1/,!41''!+1F-!&)*!P1/,!41''!+/--BH!&!0%&+-!@.-/-!
>&2(%(-'!/-,3/)-*!,1!,./13$.13,!.(',1/C<!!I1!-F(*-)+-!,1!*&,-!'3$$-','!,.&,!%1+&%!Y&'.&C&!
-',&D%('.-*!&!0-/2&)-),!F(%%&$-!'-,,%-2-),A!@.(+.!E/-$&)U&!56#ZV;!1/($()&%%C!0/101'-*!&'!
,.-!'13/+-!1>!.('![M)*(&)!\(,-!I1<!6<]!!!

J%,.13$.!@-!>1+3'-*!13/!-N+&F&,(1)'!1)!,.-!43''(&)!0-/(1*!/-2&()'!%1+&,-*!&,!,.-!I1/,.!
W&%%!T1223)(,CA!,.-!'3/>&+-!+1%%-+,(1)!*&,&!&)*!/-'(',(F(,C!'3/F-C!/-F-&%-*!+1)'(*-/&D%-!
-F(*-)+-!>1/!,.-!1++30&,(1)!1>!,.('!0%&+-!(),1!D1,.!,.-!X-N(+&)!&)*!J2-/(+&)!0-/(1*'<!!M)!
0&/,(+3%&/A!,.-!*-01'(,'!%1+&,-*!&,!,.-!-&',-/)!-*$-!1>!,.-!'(,-!&)*!*(/-+,%C!)1/,.!1>!,.-!
43''(&)!+.&0-%!%(B-%C!+1),&()!,.-!/-2&()'!1>!,.-!.13'-.1%*!0.1,1$/&0.-*!DC!\,3/,-F&),!()!
6#:V!&)*!1/($()&%%C!*-0(+,-*!1)!,.-!67#"!K-&'-C!X&0!&'!,.-!X3''-,!.13'-!5P($3/-!7<V7;<!!
E-',()$!1>!,.-'-!*-01'(,'!@13%*!C(-%*!$/-&,-/!()>1/2&,(1)!+1)+-/)()$!,.-!F&/(-*!
1++30&,(1)&%!&)*!/-'(*-),(&%!.(',1/C!1>!P1/,!41''A!>/12!(,'!1/($()&,(1)'!30!,1!,.-!01(),!,.&,!
,.-!T&%%!P&2(%C!*--*-*!,.-!0/10-/,C!,1!,.-!',&,-!1>!T&%(>1/)(&<!!

!"#$%&%'()*%#+,-#+./#0)1)*2#.&#&,%#3-'&,#4.00#5-((6*)&7#

J%,.13$.!,.-!+-)'3'!/-+1/*'!+%-&/%C!*1+32-),!,.-!/-'(*-),'!1>!8%0%*)%#9-//!&,!,@1!*(>>-/-),!
0-/(1*'!()!,(2-A!,.-C!*1!)1,!,-%%!3'!-N&+,%C!@.-/-!,.-!+120&)C!-20%1C--'A!,.-(/!@(F-'A!1/!



! "#$!

%&'()*!+,-&.*!/,)&012'&,'!314*'!)&.*5!,-!-6*!%*--)*4*'-7!!8'5!36&)*!,%%19&,-*5!519:4*'-%!
2*.*,)!-6*!)19,-&1'!10!-6*!+,-&.*!8),%;,'!<&)),(*!%&-*!,'5!-6*!=:%%&,'!,'5!/2*1)*!
'*&(6>126115%?!'1'*!10!-6*%*!%1:29*%!-*))!:%!*@,9-)A!36*2*!&'5&.&5:,)!61:%*61)5%!3*2*!
)19,-*5!12!361!-6*!&'5&.&5:,)!199:B,'-%!10!-61%*!61:%*%!4&(6-!6,.*!>**'7!!C:2-6*2!
914B)&9,-&'(!4,--*2%?!.*2A!)&--)*!,296,*1)1(&9,)!312;!6,%!>**'!51'*!&'!125*2!-1!)19,-*!-6*!
2*%&5*'9*%!10!-6*!=:%%&,'!,'5!/2*1)*!*4B)1A**%!,'5!-6*&2!B,2-'*2%?!12!10!-6*!61:%*61)5%!
*%-,>)&%6*5!>A!%&'()*!+,-&.*!/,)&012'&,'!314*'7!!

!

!!

!"#$%&'()*(!DEF"!G<*,%*A!H,BI?!C12-!=1%%!J'-*2B2*-&.*!8%%19&,-&1'!K&>2,2A



! "#$!

%&'()*+,-*+.&)!./!*0(!1.2*0!3-44!5.667&+*8!*07)!92()(&*(:!-&!.;;-)+.&!/.2!;.&*2+<7*+&,!*.!
<.*0!.72!0+)*.2+;-4!-&:!-2;0-(.4.,+;-4!7&:(2)*-&:+&,!./!*0()(!2()+:(&*+-4!;.667&+*+()=!!
>2(,-&?-!@$ABCD!.2+,+&-448!-))(2*(:!*0-*!-44!1-*+'(!5-4+/.2&+-&!2(6-+&)!-4.&,!*0(!&.2*0!E-44!
2(4-*(:!*.!(+*0(2!-!9(26-&(&*F!-&;+(&*!.;;79-*+.&!./!*0(!*(22-;(!.2!*.!-!9.)*GH7))+-&!
.;;79-*+.&!-4.&,!*0(!&.2*0!E-44!*0-*!E-)!2(4-*(:!*.!I7J-2+-F!-!K-)0-8-!E.6-&!E0.!4+'(:!-*!
*0(!)(**4(6(&*!-)!-!;0+4:F!-&:!*0(&!4-*(2!-)!-&!-:74*!E+*0!0(2!+66(:+-*(!/-6+48!@)((!L-22+)!
$AMA!/.2!-!:();2+9*+.&!./!I7J-2+-N)!4+/(!0+)*.28!-&:!2()+:(&;(!-*!H.))D=!!O72!+&'()*+,-*+.&)!
2('(-4!-!:(;+:(:48!6.2(!;.694(P!.;;79-*+.&-4!-&:!2()+:(&*+-4!0+)*.28!/.2!*0(!1.2*0!3-44!
5.667&+*8F!.&(!*0-*!)7,,()*)!*0-*!1-*+'(!5-4+/.2&+-&)!;.&*+&7(:!*.!2()+:(!-4.&,!*0(!&.2*0!
E-44!:72+&,F!-)!E(44!-)!-/*(2!*0(!H7))+-&!9(2+.:=!

%&!*0(!<(,+&&+&,!./!*0+)!:+))(2*-*+.&!%!E-2&(:!-,-+&)*!6-J+&,!-!.&(G*.G.&(!;.22(4-*+.&!
<(*E((&!6-*(2+-4!;74*72(!-&:!(*0&+;+*8!.2!;74*72-4!+:(&*+/+;-*+.&=!!%!)7,,()*(:!*0-*!'+(E+&,!
6-*(2+-4)!-)!92-;*+;()!0(49)!7)!<(**(2!)+*7-*(!*0(!E-8)!+&!E0+;0!6-*(2+-4!;74*72(!<(;-6(!
6(-&+&,/74!+&!92.;())()!./!+:(&*+/+;-*+.&!-&:!+&!*0(!<7+4:+&,!./!).;+-4!2(4-*+.&)!-*!*0(!
;.4.&8=!!Q*!*0(!1.2*0!3-44!5.667&+*8F!E(!0-'(!;4(-2!+&:+;-*.2)!./!-!1-*+'(!5-4+/.2&+-&!
92()(&;(!+&!*0(!/.26!./!6-*(2+-4)!;.&)+)*(&*48!+:(&*+/+(:!-)!9-2*!./!*0(+2!6-*(2+-4!92-;*+;()R!
/4-J(:!)*.&(F!E.2J(:!)0(44!.2&-6(&*)F!-!'-2+(*8!./!)0(44/+)0!2(6-+&)F!/+2(G;2-;J(:!2.;J!
+&:+;-*+'(!./!*0(!7)(!./!(-2*0!.'(&)!*.!92(9-2(!*0(!-/.2(6(&*+.&(:!)0(44/+)0!-&:!.*0(2!
/-7&-4!2(6-+&)S!-&:!-2*+.:-;*84!-)*2-,-4+!*0-*!-2(!).6(*+6()!+&*(292(*(:!-)!T,-6+&,!9+(;()U!
@K.(29(2!-&:!30+*&(8GV()-7*(4)!$AAAD=!!Q4*0.7,0!6-&8!./!*0()(!+*(6)!-2(!-4).!7<+W7+*.7)!
+&!*0(!0.6(!;.667&+*+()!./!*0(!1-*+'(!Q4-)J-&!E.2J(2)F!*0(2(!+)!-!)*2+J+&,!-<)(&;(!./!
6-*(2+-4)!)9(;+/+;!*.!*0(6!)7;0!-)!,2.7&:!)4-*(!-2*+/-;*)F!<.&(!*..4)!-&:!*0(+2!-)).;+-*(:!
:(<+*-,(F!-&:F!)+,&+/+;-&*48F!9+&&+9(:!2(6-+&)!@-*!*0(!1-*+'(!Q4-)J-&!X+44-,(!)+*(F!<.&()!
/2.6!)(-4!/4+99(2)!<.&()!E(2(!9-2*+;74-248!-<7&:-&*F!9(20-9)!7&)7292+)+&,!,+'(&!*0-*!
9+;J4(:!/4+99(2)!E(2(!-!*2-:+*+.&-4F!Q4-)J-&!:(4+;-;8!@I+,0*/..*!(*!-4=!$AAMS!3-J(!$AAY-F!
$AAY<D=!!!

I+J(E+)(F!*0(2(!-2(!'(28!4+**4(!H7))+-&G+:(&*+/+(:!6-*(2+-4!2(6-+&)R!&.!6(*-4!<7**.&)!.2!4(-:!
)(-4)!E+*0!(6<.))(:!582+44+;!4(**(2)S!&.!H7))+-&!;2.))()!)7;0!-)!*0.)(!2(;.'(2(:!-*!*0(!
H7))+-&!5(6(*(28S!&.!('+:(&;(!./!/..:!2(6-+&)!*0-*!E.74:!+&:+;-*(!-!*2-:+*+.&-4!H7))+-&!
:+(*=!!%&!/-;*F!*0(!.&48!H7))+-&G2(4-*(:!-2*+/-;*)!;.&)+)*!./!-!;.794(!,2.7&:!H7))+-&!
(-2*0(&E-2(!/2-,6(&*)F!/.2,(:!+2.&!<7+4:+&,!6-*(2+-4)F!;7*!+2.&!&-+4)F!-&:!9-*+&-*(:!/4-*!
,4-))!4+J(!*0-*!7)(:!+&!*0(!E+&:.E)!./!*0(!<7+4:+&,)!-*!*0(!)(**4(6(&*=!!1.&(!./!*0()(!;4-))()!
./!6-*(2+-4)!+)!9-2*+;74-248!+&:+;-*+'(!./!-!TH7))+-&U!.2!T52(.4(U!92()(&;(F!8(*!E(!;-&&.*!
-))76(!.&!*0(!<-)+)!./!6-*(2+-4)!-4.&(!*0-*!&.!H7))+-&)!.2!52(.4()!4+'(:!+&!*0+)!;.667&+*8F!
()9(;+-448!)+&;(!E(!0-'(!4+6+*(:!6-*(2+-4!('+:(&;(!2(4-*+&,!*.!-&8!9.)+*+'(48!+:(&*+/+(:!
H7))+-&!-&:Z.2!52(.4(!0.7)(0.4:)!-*!L.2*!H.))=!!!

[+'(&!*0(!&-*72(!./!)79948!/.2!*0(!;.4.&8\E0+;0!6-+&48!;.&)+)*(:!./!]72.9(-&F!-&:!
)9(;+/+;-448!^2+*+)0F!6-&7/-;*72(:!,..:)F!()9(;+-448!-/*(2!*0(!_7:).&N)!^-8!5.69-&8!*..J!
.'(2!*0(!)79948!./!*0(!HQ5!;.4.&+()\+*!+)!9(20-9)!7&)7292+)+&,!*0-*!*0(!6-`.2+*8!./!
T0+)*.2+;U!6-*(2+-4)!-2(!&.*!TH7))+-&=U!!L72*0(26.2(F!*0(!;.&*(P*)!+&!E0+;0!E(!:.!2(;.'(2!
H7))+-&G6-&7/-;*72(:!*-<4(E-2()F!;4.*0+&,!/-)*(&(2)F!,4-))E-2()F!-&:!`(E(428!.;;72!E+*0+&!
2(4-*+'(48!0+,0!)*-*7)!.2!7&+W7(!)9-;()!)7;0!-)!*0(!L72!3-2(0.7)(F!O//+;+-4N)!W7-2*(2)F!
;.66-&:(2N)!0.7)()F!-&:!H7))+-&!5(6(*(28=!!>0(!9-7;+*8!./!H7))+-&!,..:)!-*!*0(!&.2*0!



! "#"!

$%&&!'()*!+%,!-.!/01.2'&,!%**320%'./!$0'(!-3'(!'(.!&%24!35!*)66&,7!%*!$.&&!%*!'(.!*'%')*!%8/!
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Basic Group: Lithics (LI) 
 
Material Category:  
 LF: lithic, flaked stone 
  Artifact Class: 
   1. CORE: CO = core; CF = core fragment  
   2. SHATTER (Angular Debris/non-flake shatter): SH 
   3. FLAKE: 
   CP = Complete Flake 
   PX = Proximal Flake 
   FS = Flake Shatter 
   4. FORMAL CHIPPED STONE TOOLS: 
   UN = uniface; UF = uniface fragment 
   BI= biface BF = Biface fragment 
   PP = Projectile Point; PF = Projectile Point Fragment 
   5.  OTHER  
   TN = obsidian prisms, angular – also called “tinklers” 
 
 LG: lithic, ground stone (ground, pecked, polished, battered) 
  Artifact Class: 
   6.  MILLING IMPLEMENTS 
    BM = Basin Milling Stone (Metate); BMF = Fragment 
    SM = Slab Milling Stone (Metate); SMF = Fragment 

MH= Milling Handstone (Mano); [unifacial or bifacial worked 
surfaces?] 

    MHS = Fragment 
    MO= Mortar; [Bowl or Hopper]; MOF = Fragment 
    PE = Pestle [shape, use wear?]; PEF = Fragment 
   7. AS: Anvil Stone (cobble with dimple or cup on one or both sides) 
   8. CS: Charmstone (plummet or phallic shape, etc); CSF =  

Fragment 
 9.  BE: Bead 

   10. PN: Pendant 
   11.  BC: Battered Cobble; BCF: Fragment 
   12.  HA = Hammerstone 
   13.  NW: Net Weight (cobble with grooves on opposite sides) 
   14. FCG: Fire-cracked Groundstone 
    

LO: lithic, other 
  Artifact Class: 
   15. UM: Unmodified Cobble (no evidence of grinding, polishing,  

pecking, battering) 
   16.  CR: Crystal 
   17. FCR: Fire-cracked rock (unmodified cobble with evidence of  

heat/burning)  
   18. OT: Other (can’t place into specific lithic artifact class) 
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Basic Group: Lithics (LI) 
 
A. Raw Material Species: 
 BA: Basalt     

CA: Calcedony    
CH: Chert    
GR: Granite 

 OB: Obsidian    
PU: Pumice   
QZ: Quartz  SA = Sandstone 

 SC: Schist     
SL: Slate      
ST: Steatite      
OT: Other 

 
B.  Edge-Modified 

– Check for secondary modification of 
lateral edge 

       – evidence of use, retouch 
       – If Yes, then note as EM 
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Basic Group: Faunal Remains (FA) 
 
Material Categories: 

MO: Mollusk 
 RAW Material Species: Element Codes: 
 Mussel=MU   Umbos (UM), Fragments (FG)  
 Chiton = CH;   Plates (PL), Fragments (FG) 
 Barnacles = BA;  Fragments (FG) 
 Limpets = LI;   Caps (CA); Fragments (FG) 
 Abalone = AB;  Whorls (WO); Fragments (FG) 
 Snails =   SN;   Columellae (CO); Apertures (AP), Fragments (FG) 
 Clams = CL   Umbos (UM); Fragments (FG) 
 Olivella = OL   Columellae (CO); Apertures (AP), Fragments (FG) 
 Whelk = WH   Columellae (CO); Apertures (AP), Fragments (FG) 
 Periwinkle = PE  Columellae (CO); Apertures (AP), Fragments (FG) 

Gumboot Chiton=GC  Plate (PL), Fragments (FG) 
 Unidentifiable = UN    
 
FI: Fish 
 RAW Material Species: Element Codes:  
 None defined   Scale (SC); Vertebrae (VB) 
 
MA: Mammal 
 RAW Material Species: Element Codes: 
 None defined 
 
BI: Bird 
 RAW Material Species: Element Codes: 
 None defined 
 
OF: Other Faunal 
 RAW Material Species: Element Codes: 

Sea Urchin=UR  Spine (SP), Skeleton (SK) 
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Basic Group:  Worked Bone, Antler, Shell (BAS) 
 
Material Category: 

WB: worked bone 
WA: worked antler 
WS: worked shell 

   
Artifact Class:   

   1.  SINGLE END WORKED: Distal End worked into Point  
(Bone/Antler) 

   TP = Thin pointed artifact; often mammal long bone; 
bone shaped and narrowed to a          sharp point at distal end; bone 
may be split into two; note if  perforated                    (Traditionally 
defined as awls, pins, daggers) 

   BP = Broad pointed artifact; often mammal long bone, 
scapula, rib; artifact tends not  to be tapered to a sharp point at 
distal end; rather width of point is about the same width as rest of 
long bone shaft; often blunt or rounded nose; bone may be split 
into two;  perforated? (trad. defined as chisel, wedge, spatula, 
shoehorn) 

    TI = Tine (often of antler), shaped and narrowed, but 
to blunt point (Often defined as antler tine for pressure flaking) 

   PP = Projectile point or harpoon point – most likely 
used as arrow or dart point 

 
2. BOTH ENDS WORKED (BIPOINT): Distal and Proximal ends worked 
into Point  

   BI = Bipoint when both ends worked to points or 
modified; describe whether thin point or broad point for either end; 
note if perforated (small bipoints traditionally defined as fishing 
Gorge) 

 
3.  BONE SHAFT MODIFIED: dorsal or ventral edge of bone/antler shaft 
or column is worked (smoothed or serrated) 

   SM    = Smooth Edged artifact; often mammal long bone 
that has been split or mammal rib bone; side of shaft smoothed 
(traditional defined as scraper); distal end may be worked to a 
point or could be bipoint; note if perforated 

   SE = Serrated Edged artifact; often mammal long bone 
that has been split or mammal rib bone; side of shaft serrated; 
distal end may be worked to a point or could be bipoint; note if 
perforated 

 
4.  BONE/ANTLER/SHELL ORNAMENT 

     BE = Bead (conical or biconical perforation) 
     PN = Pendant (conical or biconical perforation) 
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Basic Group:  Worked Bone, Antler, Shell (BAS)      
 
     TU = Tube 
     OO = Other Ornament 
 

5.  OTHER ARTIFACTS  
     WH     = Whistle, defined as bone tube with large hole  

carved into tube 
     CF = Circular Fish Hook 
     OT = Other worked bone, antler or mollusk artifact 
     UF = Unidentifiable Fragment (broken tool, 

debitage from manufacture) 
 
 
Raw Material/Species (be as specific as possible in defining taxon): 
 MA  = Mammal Bone (or specific genus/species) 
 FI = Fish Bone 
 BI = Bird Bone 
 MU = Mussel Shell 
 CL = Clam Shell 
 AB = Abalone Shell (Haliotis) 
 OL = Olivella Shell 
 OT = Other 
 
Element:  
 Note if applicable 
   
NOTES IN COMMENTS: 
 – any decoration (incising, engraving, etc.) 
 – any perforations (conical, biconical) 
 – if whole artifact or fragments 
 – evidence of burning 
 – evidence of use wear 
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Basic Groups: European-Asian Manufactured Artifacts (EA) 
 
Material Categories: 
 HC: Historic Ceramics 
  Artifact Class: 
   VS: vessel—describe in comments 
   BE: beads 
   PI: pipe 
   OT: worked ceramic 
 
    Artifact Group: 
     KA: kaolin (in reference to pipes) 
     YW: yellow ware 

SW: stone ware 
NV: non-vitrified white earthenware 
 Ware Type: 
  CW: creamware 
  PW: pearlware 
  WW: whiteware 

     SV: semi-vitrified white earthenware (ironstone) 
     VW: vitrified white earthenware (hotelware) 
     PO: porcelain      
 
 GL: Glass 
  Artifact Class: 
   VG: vessel glass 
   FG: flat glass 
   LG: lamp glass 
   BE: beads 
 
 WG: Worked Glass 
  Artifact Class: 
   use flaked stone categories 
 BR: Brick 
  Artifact Class: 
   RU: Russian 
   AM: American 
 
 Me: Metal 
  Artifact Class: 
   Describe in comments 
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Basic Group:  Ethnobotanical Materials (EB) 
 
Material Categories: 
 WO: wood 
 CH: charcoal 
 OE: other ethnobotanical 
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Basic Group: Other Materials (OT) 
 
Material Categories: 
 SO: soil 
 CL: clay/daub 
 PL: plastic 
 UN: Unidentified 
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APPENDIX B:  
Report on Glass Beads Recovered from the North Wall Site at Fort Ross 
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*
+312-*567-3&*8%2%$*9'003$:*+312-*
7-3&*8%2%$* 8%'"#* ;-$(-"#*
,E;?%+ P/+ HH-Th+
^%#+ 5+ 3H-Th+
NGL%+ /+ R-/h+
I$%%"+ /+ R-/h+
NG8M(+ /+ R-/h+
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d%GGDC+ 3+ /-3h+
@L$YG%+ 3+ /-3h+

*

+312-*<67-3&*=3"'>3(#'$-?*8%"/#$'(#)%"?*8%2%$*9'003$:*+312-*

=3"'>3(#'$-* 8%"/#$'(#)%"* 8%2%$*

,DL"#+Q"iHU+ K;9YG%Q"iHU+ ,E;?%+Q"i1U+

+ + NGL%+Q"i3U+

]$8C"+

Q"iR/U+
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+ + I$%%"+Q"i/U+

+ + NGL%+Q"i3U+

+ + d%GGDC+Q"i3U+

+ + NG8M(+Q"i3U+

+ + @L$YG%+Q"i3U+

+ 7D9YDL"#+

Q"i/0U+

,E;?%+D>%$+CE;?%+Q"i+33U+

+ + ^%#+D>%$+<$%%"+Q"iTU+
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+ + ,E;?%+D>%$+:GL%S<$%)+

Q"i3U++ 7D9YG%c+Q"i3U+ NG8M(+C;?E+CE;?%+'?$;Y%'+

Q"i3U++
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?CD+G8)%$'+D&+DY8jL%+CE;?%+<G8''+QA;##+8"#+A;##+[)Y%+OO83PU*+T+8$%+I$%%"+_%8$?+N%8#'+Q$%#S
D"S<$%%"g+A;##+8"#+A;##+OX8HU*+8"#+3+;'+8+7D$"8G;"%+#m!G%YYD3+:%8#+Q$%#SD"SCE;?%*+A;##+8"#+
A;##+[)Y%+OX8/U-++[E%+&;"8G+:%8#+D&+MD9YDL"#+MD"'?$LM?;D"+8YY%8$'+?D+E8>%+8+G8)%$+D&+CE;?%+
                                                
!"Many bead researchers use the term Cornaline d’Aleppo to refer to all compound beads with a red exterior (e.g., 
green hearts, yellow hearts, black hearts).  This is incorrect usage and the term should only refer to red-on-white 
(white hearts) beads. "
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APPENDIX C:  
XRF Analysis of Obsidian Artifacts from the West Loop  

and 
XRF Results from the North Wall Community 
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Laboratory Sampling, Analysis and Instrumentation 

This assemblage was analyzed on a Spectrace/Thermo QuanX energy-dispersive x-ray 
spectrometer at the Archaeological XRF Laboratory, Department of Earth and Planetary 
Sciences at the University of California, Berkeley.  All samples were analyzed whole with little 
or no formal preparation.  The results presented here are quantitative in that they are derived 
from “filtered” intensity values ratioed to the appropriate x-ray continuum regions through a 
least squares fitting formula rather than plotting the proportions of the net intensities in a ternary 
system (McCarthy and Schamber 1981; Schamber 1977).  Or more essentially, these data 
through the analysis of international rock standards, allow for inter-instrument comparison with a 
predictable degree of certainty (Hampel 1984). 

The spectrometer is equipped with an electronically cooled Cu x-ray target with a 125 micron Be 
Window, an X-ray generator that operates from 4-50 kV/0.02-2.0 mA at 0.02 increments, using 
an IBM PC based microprocessor and WinTrace™ reduction software. The X-ray tube is 
operated at 30 kV, 0.14 mA, using a 0.05 mm (medium) Pd primary beam filter in an air path at 
200 seconds livetime to generate x-ray intensity K!-line data for the elements titanium (Ti), 
manganese (Mn), iron (Fe), rubidium (Rb), strontium (Sr), yttrium (Y), zirconium (Zr), and 
Niobium (Nb). Weight percent iron (Fe₂O₃") can be derived by multiplying ppm estimates by 
l.4297(l0-4). Trace element intensities were converted to concentration estimates by employing a 
least-squares calibration line established for each element from the analysis of international rock 
standards certified by the National Institute of Standards and Technology (NIST), the U.S. 
Geological Survey (USGS), Canadian Centre for Mineral and Energy Technology, and the 
Centre de Recherches Pe#trographiques et Ge#ochimiques in France (Govindaraju 1994). 

Specific standards used for the best fit regression calibration for elements Ti through Nb include 
G-2 (basalt), AGV-1 (andesite), GSP-1, SY-2 (syenite), BHVO-l (hawaiite), STM-1 (syenite), 
QLO-l (quartz latite), RGM-l (obsidian), W-2 (diabase), BIR-1 (basalt), SDC-1 (mica schist). 
TLM-1 (tonalite), SCO-1 (shale), all U.S. Geological Survey standards, and BR-N (basalt) from 
the Centre de Recherches Pe#trographiques et Ge#ochimiques in France, and JR-l and JR-2 
obsidian standards from the Japan Geological Survey (Govindaraju 1994). In addition to the 
reported values here, Ni, Cu, Zn, Th, and Ga were measured, but these are rarely useful in 
discriminating glass sources and are not generally reported.  

The data from both systems were translated directly into Excel™ for Windows software for 
manipulation and on into SPSS™ for Windows for statistical analyses. In order to evaluate these 
quantitative determinations, machine data were compared to measurements of known standards 
during each run. An analysis of RGM-1 analyzed during each run is included in Table 1. Source 
nomenclature follows Shackley (1988, 1995, 1998, 2005). Further information on the laboratory 
instrumentation can be found at: http://wwvv.swxrt1ab.net/.   Trace element data exhibited in 
Table 1 are reported in parts per million (ppm), a quantitative measure by weight. 

Further details concerning the petrological choice of the incompatible elements, particularly Sr, 
Rb, and Zr, in California obsidians is available in Jackson (1989; and Silliman 2005 ; see also 
Shackley 1992, 1995, and 2003). Sr-Rb  (Chart 2) and Sr-Zr  (Chart 1) bivariate plots were used 
to clarify the results of the XRF analysis. 
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Discussion 

For the 63 artifacts in this study, five sources were identified. Napa Glass Mountain, Annadel 
and Franz Valley from the Sonoma Volcanic field with Mt. Konocti and Borax Lake in the Clear 
Lake Volcanic area. These provenances are in Sonoma and Lake Counties of the North Coast 
Range of Northern California and are Well-known sources in California lithic studies. 

Napa Glass Mountain is near present day St. Helena. According to Jackson (1989), four 
prehistoric quarry sites have been identified here, but they are chemically indistinguishable. 
Material is also found in alluvial deposits along the Napa River (Silliman 2005). They are all 
found in what Jackson (1989) calls the upper or younger member of the Sonoma field which is 
dated to an age of ca. 2.9 million years ago. This is the best represented source in the assemblage 
with 45% of the assemblage. The artifact quality obsidian is found in small pieces ($ 30 cm). 
The matrix of tuff and perlite is typical of this younger flow. “Obsidian from this source is 
typically very dense black, glossy to vitreous in luster, and opaque in all but the thinnest 
fragments. The glass is a very high quality for knapping and generally free of inclusions and 
visicles” (Jackson 1989). An additional chemically distinctive source in the upper member is 
identified as Franz Valley and is represented by five artifacts or 8% of this assemblage (Jackson 
1989). 

The Annadel quarry is in the lower or older member of the Sonoma volcanic field which is 
estimated to be more than 5.5 million years old. It is an archaeologically significant area that is 
now protected to some extent as part of Annadel State Park, near Santa Rosa in Sonoma County. 
“lt is certainly true that distinct lithic reduction areas are still visible at the site” (Jackson 1989). 
Obsidian occurs in small pieces Within a perlite matrix, but larger cobbles “as much as 30 cm in 
diameter can be found in more recent alluvial deposits in nearby Santa Rosa Creek” (Jackson 
1989, Silliman 2005). Annadel obsidian displays a matte luster and a grey-black color sometimes 
tinged With brown, although the occasional piece can be a dense black color with a vitreous 
luster. It is usually opaque (Jackson 1989). 32% of the artifacts analyzed come from Annadel. 

While only six samples in this assemblage come from the Clear Lake area, their inclusion may 
be archaeologically significant. The Clear Lake volcanic flows are younger than the Sonoma area 
and are generally dated less than two million years ago. Obsidian occurs as “massive flows, 
domes and brecciated tuffs on the south side of Mt. Konocti” (Jackson 1989). Jackson describes 
Mt. Konocti obsidian as “generally inferior, [but] blocks of obsidian more than 1 meter in 
greatest dimension have been observed” (Jackson 1989). Borax Lake to the east of Clear Lake 
was isolated by an olivine dacite flow with a rhyolite obsidian cap (Jackson 1989). Borax Lake 
obsidian varies greatly in quality from dense black glass to “frothy” grey material exhibiting gas 
voids (Jackson 1989). 

Observations 

While it is not possible to be certain Whether the analyzed artifacts came from one of the 
identified prehistoric quarry sources or from a secondary alluvial or fluvial deposition, they do 
appear to come from provenances in nearby Sonoma and Lake Counties. Only one projectile 
point was found in this assemblage and many of the flakes Were quite small. One was so small 
that the analysis, While attempted, was not accurate. That sample, #321a, appears as an outlier 
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on the charts. The large quantity of small debitage pieces may indicate re-cycling of scarce 
materials. Three samples, #’s 743, 556, and 124, are listed as “source Unknown” and could 
benefit from further study. They are either from outside the area or from an as yet undiscovered 
source. Further analysis of these samples may be required. 
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+312-*C+,%'?+FDDY+^%'LG?'+

930@2-*D* 9$*E@@0F* A1*E@@0F* G$*E@@0F* 9%'$(-*

H+ 1R+ /50+ 3RT+ !``!]ZF+
P3R8+ R5+ /H1+ 3P1+ !``!]ZF+
P/3:+ 13+ /53+ 31P+ !``!]ZF+
/1R+ RT+ /T0+ 3PT+ !``!]ZF+
P3H+ R4+ /H5+ 3P5+ !``!]ZF+
P/4+ 13+ /5P+ 310+ !``!]ZF+
R3H+ RT+ /H5+ 3P/+ !``!]ZF+
R/3+ 13+ /H4+ 3R3+ !``!]ZF+
R11+ R5+ /HT+ 3RH+ !``!]ZF+
RH3+ R4+ /1/+ 3P1+ !``!]ZF+
RHT8+ R4+ /R1+ 3R0+ !``!]ZF+
11R8+ R4+ /1P+ 3P4+ !``!]ZF+
11R:+ 10+ /RT+ 3R1+ !``!]ZF+
1H5+ 15+ /4P+ 311+ !``!]ZF+
144+ 10+ /11+ 3PT+ !``!]ZF+
TR5+ 1P+ /T4+ 3RR+ !``!]ZF+
T13+ 1P+ /H5+ 3R3+ !``!]ZF+
T1T+ R4+ /T/+ 3P5+ !``!]ZF+
T15+ 1/+ /50+ 313+ !``!]ZF+
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1h+

5h+
1h+
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3/P8+ 1H+ /45+ 3HP+ !``!]ZF+
/3/+ 4+ 43+ //3+ Ne^!q+F!AZ+
T1P+ 34+ 40+ 353+ Ne^!q+F!AZ+
TH/+ 5+ 43+ /P/+ Ne^!q+F!AZ+
P//+ R3+ /3T+ 311+ B^!`r+X!FFZd+
PR58+ 13+ /1/+ 354+ B^!`r+X!FFZd+
PHP8+ 1/+ /PR+ 353+ B^!`r+X!FFZd+
RP5M+ RR+ /RT+ 3/1+ B^!`r+X!FFZd+
T11+ RT+ /R3+ 34T+ B^!`r+X!FFZd+
R01+ T1+ 34P+ /P0+ W[-+Ae`e7[O+
H3/+ TP+ 355+ /PP+ W[-+Ae`e7[O+
H/0+ T0+ 340+ //H+ W[-+Ae`e7[O+
3+ H+ /P3+ /00+ `!@!+
/+ 5+ /P5+ /0/+ `!@!+
1+ H+ /R5+ /33+ `!@!+
4+ P+ /R0+ /31+ `!@!+
30+ 35+ /P3+ 35T+ `!@!+
/5+ H+ /P3+ /01+ `!@!+
H5+ T+ /3P+ 343+ `!@!+
/P5+ 5+ /P1+ /0/+ `!@!+
/448+ 1+ /3/+ 3T3+ `!@!+
PPP+ 5+ /5P+ 343+ `!@!+
PR5:+ 1+ /34+ /03+ `!@!+
PHP:+ H+ //5+ 355+ `!@!+
R1/+ P+ /P3+ 35P+ `!@!+
RHH+ /+ /05+ 35/+ `!@!+
1P0+ 3H+ /P5+ 34R+ `!@!+
1RR8+ 1+ /P1+ /0T+ `!@!+
1TH+ H+ /P0+ /0R+ `!@!+
HP3+ H+ 345+ /0T+ `!@!+
TR/+ H+ //0+ 353+ `!@!+
TR4+ R+ /RT+ /0/+ `!@!+
T1R+ 1+ /RT+ /3H+ `!@!+
T1H+ R+ //H+ 35R+ `!@!+
T14+ H+ /P4+ /03+ `!@!+
TH0+ H+ /13+ /0/+ `!@!+
TH3+ R+ /PP+ /03+ `!@!+
3/P:+ 4+ /11+ //3+ `!@!+
RP58+ T+ /R3+ /01+ `!@!+
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RP5:+ T+ /0R+ /0P+ `!@!+
P/38+ HR+ P3+ 31+ KW!FF+
3/R+ H1+ 3T4+ //P+ ="("DC"+
11H+ HR+ 3T0+ 34T+ ="("DC"+
TRP+ 1H+ 3TP+ 35R+ ="("DC"+
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XRF Results for the North Wall Community 
Table 2 North Wall Community obsidian source values 

930@2-*D* 9$*
E@@0F*

A1*
E@@0F*

G$*
E@@0F* 9%'$(-*

3/35B+ RP+ 335+ /P4+ !``!]ZF+
T147+ 10+ 334+ //T+ !``!]ZF+
3RPH7+ R5+ 3//+ /R5+ !``!]ZF+
3R43M+ RT+ 3/R+ /R0+ !``!]ZF+
P5HN+ RT+ 3/H+ /R1+ !``!]ZF+
/458+ R1+ 3/H+ /R1+ !``!]ZF+
/P/+ R5+ 3/5+ /14+ !``!]ZF+
/03:+ 1/+ 3/4+ /H/+ !``!]ZF+
130N+ RP+ 3P0+ /1/+ !``!]ZF+
30/R8+ 13+ 3P0+ /11+ !``!]ZF+
H048+ R5+ 3P3+ /H3+ !``!]ZF+
13/N+ 10+ 3P3+ /14+ !``!]ZF+
30/R:+ R4+ 3P/+ /H0+ !``!]ZF+
TR!+ 10+ 3P/+ /H3+ !``!]ZF+
3PP38+ 13+ 3P/+ /T/+ !``!]ZF+
P3H8+ RT+ 3P/+ /HT+ !``!]ZF+
435!+ R4+ 3PP+ /HR+ !``!]ZF+
13/!+ 1/+ 3PP+ /HT+ !``!]ZF+
TH3!+ 1R+ 3PP+ /HT+ !``!]ZF+
P1P7+ RT+ 3PP+ /15+ !``!]ZF+
/41+ 1/+ 3PP+ /HP+ !``!]ZF+
4RH]+ 13+ 3PR+ /RR+ !``!]ZF+
30HPB+ RT+ 3PR+ /T0+ !``!]ZF+
13/7+ R5+ 3PR+ /1H+ !``!]ZF+
104!+ RT+ 3PR+ /1T+ !``!]ZF+
/4RM+ RH+ 3PR+ /R4+ !``!]ZF+
33T47+ R5+ 3P1+ /1P+ !``!]ZF+
30R+ 13+ 3P1+ /HT+ !``!]ZF+
301;+ 10+ 3P1+ /H4+ !``!]ZF+
/4R:+ 1P+ 3P1+ /11+ !``!]ZF+
RP/+ 10+ 3PH+ /TH+ !``!]ZF+
P53]+ 13+ 3PH+ /1/+ !``!]ZF+
/45M+ 13+ 3PH+ /H1+ !``!]ZF+
TRN+ 1P+ 3PH+ /H1+ !``!]ZF+
T14Z+ 1P+ 3PH+ /HT+ !``!]ZF+
TP3N+ 10+ 3PH+ /H5+ !``!]ZF+
30H38+ 1R+ 3PH+ /H0+ !``!]ZF+
TR]+ 1/+ 3PH+ /HH+ !``!]ZF+
30HP#+ 1P+ 3PT+ /HH+ !``!]ZF+
33T4!+ 11+ 3PT+ /T/+ !``!]ZF+
3P00+ 13+ 3PT+ /TP+ !``!]ZF+
TRI+ 1H+ 3PT+ /TP+ !``!]ZF+
R0T:+ 1/+ 3PT+ /TR+ !``!]ZF+
3PP/M+ R5+ 3P5+ /T3+ !``!]ZF+
5R07+ 13+ 3P5+ /HH+ !``!]ZF+
/45:+ 1R+ 3P5+ /H5+ !``!]ZF+
33/5!+ R5+ 3P5+ /TH+ !``!]ZF+
5R0N+ 1P+ 3P4+ /HP+ !``!]ZF+
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5P17+ 1R+ 3P4+ /T3+ !``!]ZF+
4T3!+ 1P+ 3P4+ /14+ !``!]ZF+
TP/7+ 1/+ 3P4+ /H5+ !``!]ZF+
301#+ 1/+ 3P4+ /H5+ !``!]ZF+
3/4T8+ 13+ 3R0+ /TT+ !``!]ZF+
1RH]+ 10+ 3R0+ /1H+ !``!]ZF+
TPR+ 1P+ 3R0+ /TT+ !``!]ZF+
3RPHN+ 10+ 3R0+ /T0+ !``!]ZF+
5R0!+ 11+ 3R0+ /TP+ !``!]ZF+
15P7+ 1R+ 3R0+ /TR+ !``!]ZF+
/4R&+ H0+ 3R0+ /HR+ !``!]ZF+
4RHN+ 1P+ 3R3+ /T0+ !``!]ZF+
30//M+ 11+ 3R3+ /HH+ !``!]ZF+
R0+ R4+ 3R3+ /TP+ !``!]ZF+
301%+ 13+ 3R3+ /53+ !``!]ZF+
3PP3:+ 1P+ 3R3+ /T/+ !``!]ZF+
3HH+ 10+ 3R3+ /H5+ !``!]ZF+
R0H8+ 10+ 3R3+ /TR+ !``!]ZF+
3PH1:+ R4+ 3R/+ /T/+ !``!]ZF+
3RP1N+ 13+ 3R/+ /H0+ !``!]ZF+
1R5+ 1/+ 3R/+ /H5+ !``!]ZF+
410!+ 1/+ 3R/+ /T0+ !``!]ZF+
335/!+ 1H+ 3R/+ /T3+ !``!]ZF+
5P5N+ 1H+ 3R/+ /TP+ !``!]ZF+
4R5N+ 13+ 3R/+ /1P+ !``!]ZF+
3PP/#+ 1R+ 3R/+ /TR+ !``!]ZF+
15P!+ 1/+ 3RP+ /T4+ !``!]ZF+
43T7+ 1R+ 3RP+ /TR+ !``!]ZF+
RPP8+ 1/+ 3RP+ /TT+ !``!]ZF+
3T08+ 10+ 3RP+ /TT+ !``!]ZF+
3PHR8+ 13+ 3RR+ /TP+ !``!]ZF+
5R0]+ 1R+ 3RR+ /T1+ !``!]ZF+
P3R8+ 1P+ 3RR+ /53+ !``!]ZF+
3R438+ 1/+ 3RR+ /TP+ !``!]ZF+
/P08+ 1P+ 3RR+ /TT+ !``!]ZF+
310H:+ 1H+ 3R1+ /T5+ !``!]ZF+
310H8+ 1T+ 3R1+ /TH+ !``!]ZF+
//:+ R5+ 3R1+ /T/+ !``!]ZF+
TP/]+ 11+ 3RH+ /T0+ !``!]ZF+
P13M+ 1R+ 3RH+ /H4+ !``!]ZF+
3R40+ 13+ 3RH+ /T/+ !``!]ZF+
3PP/8+ 1P+ 3RH+ /T/+ !``!]ZF+
H11N+ 1P+ 3RH+ /H4+ !``!]ZF+
3/448+ R5+ 3RH+ /5R+ !``!]ZF+
/108+ 11+ 3RH+ /HH+ !``!]ZF+
P1PZ+ 1P+ 3RH+ /5/+ !``!]ZF+
5P1B+ 1P+ 3RH+ /T/+ !``!]ZF+
3/45+ 1/+ 3RH+ /TH+ !``!]ZF+
3RP1!+ 1/+ 3RT+ /TH+ !``!]ZF+
4T/+ 15+ 3RT+ /5/+ !``!]ZF+
RPP:+ 1P+ 3RT+ /T5+ !``!]ZF+
3/357+ 1R+ 3RT+ /TR+ !``!]ZF+
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130!+ 1P+ 3RT+ /50+ !``!]ZF+
P13B+ 13+ 3RT+ /TR+ !``!]ZF+
5TH!+ 1T+ 3RT+ /T/+ !``!]ZF+
P53!+ 13+ 3RT+ /HT+ !``!]ZF+
P13]+ 10+ 3RT+ /HH+ !``!]ZF+
301N+ 13+ 3RT+ /TH+ !``!]ZF+
5T1+ 13+ 3RT+ /H4+ !``!]ZF+
/P0:+ 10+ 3R5+ /TH+ !``!]ZF+
5P1_+ 1T+ 3R5+ /H5+ !``!]ZF+
TP/Z+ HP+ 3R5+ /TR+ !``!]ZF+
1047+ 1P+ 3R5+ /TP+ !``!]ZF+
30//#+ 1/+ 3R5+ /50+ !``!]ZF+
RPR8+ 1P+ 3R5+ /T4+ !``!]ZF+
T14N+ 1P+ 3R5+ /HP+ !``!]ZF+
/4/M+ 13+ 3R5+ /15+ !``!]ZF+
3/35I+ 1/+ 3R5+ /TT+ !``!]ZF+
H4/N+ 15+ 3R5+ /TT+ !``!]ZF+
3PH1&+ 1R+ 3R4+ /5/+ !``!]ZF+
5P1I+ 1R+ 3R4+ /T5+ !``!]ZF+
30HPM+ 13+ 3R4+ /50+ !``!]ZF+
5P1Z+ H/+ 3R4+ /T1+ !``!]ZF+
3/35!+ 1R+ 310+ /T4+ !``!]ZF+
R0T8+ 1R+ 310+ /T0+ !``!]ZF+
/038+ 1/+ 310+ /51+ !``!]ZF+
3/347+ 1H+ 310+ /H1+ !``!]ZF+
P13:+ 13+ 310+ /TR+ !``!]ZF+
435N+ 13+ 313+ /H1+ !``!]ZF+
1RTN+ 1H+ 313+ /HT+ !``!]ZF+
RT/!+ 1P+ 313+ /T0+ !``!]ZF+
130]+ 1R+ 313+ /TR+ !``!]ZF+
H4/Z+ H0+ 313+ /50+ !``!]ZF+
43T!+ 15+ 31/+ /5H+ !``!]ZF+
/4R#+ 13+ 31P+ /14+ !``!]ZF+
431+ 1T+ 31P+ /53+ !``!]ZF+
33/H8+ 1T+ 31P+ /53+ !``!]ZF+
3R558+ 1H+ 31P+ /T4+ !``!]ZF+
310HM+ 15+ 31P+ /5P+ !``!]ZF+
3PH1%+ 1T+ 31R+ /T4+ !``!]ZF+
3PP3M+ 1P+ 311+ /5P+ !``!]ZF+
HPT8+ 1R+ 311+ /50+ !``!]ZF+
3/35N+ HP+ 31H+ /T1+ !``!]ZF+
30HR8+ 1T+ 31T+ /TH+ !``!]ZF+
1RT!+ 1/+ 31T+ /HP+ !``!]ZF+
R05:+ 1R+ 3H0+ /T3+ !``!]ZF+
TR_+ HR+ 3HR+ /5R+ !``!]ZF+
13/]+ 1H+ 3H3+ 31/+ !``!]ZF+
3R03M+ 3/+ /3T+ 4/+ Ne^!q+F!AZ+
3P03+ 31+ //P+ 41+ Ne^!q+F!AZ+
3HT+ 33+ //5+ 4R+ Ne^!q+F!AZ+
151M+ 31+ /P5+ 40+ Ne^!q+F!AZ+
H4/7+ 3H+ /RP+ 4H+ Ne^!q+F!AZ+
R05M+ RR+ 3HR+ //1+ B^!`r+X!FFZd+
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TP/!+ RH+ 3HR+ /P5+ B^!`r+X!FFZd+
RTTN+ RP+ 3HH+ //R+ B^!`r+X!FFZd+
H04+ R4+ 3T3+ //4+ B^!`r+X!FFZd+
3PH18+ R5+ 3T/+ /PH+ B^!`r+X!FFZd+
P1P]+ RH+ 3T/+ /P5+ B^!`r+X!FFZd+
4RH!+ R1+ 3T5+ /PP+ B^!`r+X!FFZd+
30HP8+ RH+ 3T5+ /P1+ B^!`r+X!FFZd+
3PH1<+ R1+ 3T5+ /RP+ B^!`r+X!FFZd+
1RH7+ RT+ 3T4+ /RP+ B^!`r+X!FFZd+
33T4Z+ RH+ 35/+ /RP+ B^!`r+X!FFZd+
P13Z+ RT+ 35P+ /10+ B^!`r+X!FFZd+
PT8+ 10+ 35T+ /1T+ B^!`r+X!FFZd+
33T4]+ R4+ 343+ /1P+ B^!`r+X!FFZd+
33/5:+ HT+ /0T+ 35H+ W[-+Ae`e7[O+
4RH7+ T5+ /05+ 340+ W[-+Ae`e7[O+
15P]+ T0+ /04+ 3TR+ W[-+Ae`e7[O+
3PHP8+ T0+ /3P+ 354+ W[-+Ae`e7[O+
P5H!+ T3+ /3P+ 3T4+ W[-+Ae`e7[O+
3PHP:+ H4+ /3H+ 354+ W[-+Ae`e7[O+
PT:+ H4+ /34+ 35P+ W[-+Ae`e7[O+
P537+ 53+ /34+ 344+ W[-+Ae`e7[O+
3PP/:+ H5+ /34+ 355+ W[-+Ae`e7[O+
5P/!+ HT+ //0+ 355+ W[-+Ae`e7[O+
3PH1M+ H5+ ///+ 34P+ W[-+Ae`e7[O+
3R54#+ T/+ //H+ 340+ W[-+Ae`e7[O+
/4R8+ TH+ /PT+ 34/+ W[-+Ae`e7[O+
3RP5!+ H+ 3TP+ /0T+ `!@!+
3R43:+ H+ 3T1+ /30+ `!@!+
153+ H+ 3T1+ ///+ `!@!+
TRZ+ 30+ 3TH+ ///+ `!@!+
150+ 5+ 3TT+ /3H+ `!@!+
/10:+ 3P+ 3T5+ //0+ `!@!+
130Z+ H+ 3T4+ /3/+ `!@!+
5T5N+ 5+ 350+ /3P+ `!@!+
H4/!+ H+ 350+ /P/+ `!@!+
/10#+ 3R+ 350+ /0H+ `!@!+
/03M+ 1+ 353+ //P+ `!@!+
30/RM+ 1+ 353+ /30+ `!@!+
P138+ R+ 353+ /33+ `!@!+
43R+ T+ 35/+ /3T+ `!@!+
5P1]+ 1+ 35P+ ///+ `!@!+
3RPH!+ H+ 35R+ //R+ `!@!+
P1P!+ 33+ 35R+ /P1+ `!@!+
15R+ 5+ 35R+ //P+ `!@!+
/P0#+ R+ 35R+ //H+ `!@!+
//48+ 1+ 35R+ /PH+ `!@!+
3H4+ T+ 351+ /34+ `!@!+
3R03:+ T+ 351+ //R+ `!@!+
5TTN+ H+ 351+ /35+ `!@!+
P5P!+ R+ 351+ /34+ `!@!+
3/35_+ H+ 351+ //1+ `!@!+
3RPR+ 5+ 35H+ /P/+ `!@!+
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30H0+ T+ 35T+ //R+ `!@!+
3R038+ R+ 35T+ ///+ `!@!+
410N+ 4+ 35T+ ///+ `!@!+
5T5!+ 1+ 355+ /31+ `!@!+
3/35O+ 4+ 355+ //1+ `!@!+
TP+ 1+ 355+ /3T+ `!@!+
TP/N+ T+ 355+ //R+ `!@!+
3RP17+ 1+ 354+ /PH+ `!@!+
/3+ 3T+ 354+ /P1+ `!@!+
301<+ P+ 354+ /3T+ `!@!+
434!+ T+ 354+ //1+ `!@!+
P5/+ 4+ 340+ /P/+ `!@!+
5TT!+ T+ 340+ /34+ `!@!+
1RHN+ R+ 343+ /33+ `!@!+
4/0+ 31+ 343+ //5+ `!@!+
15/!+ R+ 343+ /P0+ `!@!+
3P0P8+ H+ 343+ ///+ `!@!+
H4/]+ 5+ 34/+ /PT+ `!@!+
HPH+ 1+ 34/+ //4+ `!@!+
//4#+ R+ 34/+ /3/+ `!@!+
30/0+ 1+ 34/+ /PP+ `!@!+
3R548+ 5+ 34/+ //4+ `!@!+
3RHH8+ 1+ 34P+ ///+ `!@!+
P53N+ 5+ 34P+ //1+ `!@!+
H4/B+ 5+ 34P+ //5+ `!@!+
//4:+ H+ 34P+ /0T+ `!@!+
30HP:+ T+ 34P+ /PT+ `!@!+
TR7+ H+ 34P+ //5+ `!@!+
5P5!+ 30+ 34P+ /P5+ `!@!+
30P!+ H+ 34P+ /3/+ `!@!+
P5PN+ 4+ 34R+ /3/+ `!@!+
3R54:+ 30+ 34R+ /P/+ `!@!+
30//8+ H+ 34R+ //T+ `!@!+
/00+ H+ 34R+ /P/+ `!@!+
P5+ 4+ 341+ /RH+ `!@!+
H5H!+ R+ 341+ //3+ `!@!+
3/44:+ H+ 341+ //3+ `!@!+
3PP3&+ 1+ 341+ //R+ `!@!+
RTT!+ H+ 341+ /P1+ `!@!+
5P1!+ 4+ 34H+ /P0+ `!@!+
1307+ 1+ 34H+ //3+ `!@!+
P1PN+ H+ 34H+ /R0+ `!@!+
3018+ H+ 34H+ //5+ `!@!+
3H5:+ T+ 34H+ /PT+ `!@!+
/03%+ H+ 34H+ /PR+ `!@!+
1RH!+ T+ 34H+ /P/+ `!@!+
TRB+ 5+ 34T+ /P/+ `!@!+
P51+ H+ 34T+ /P1+ `!@!+
5P/N+ 30+ 34T+ /PR+ `!@!+
3H58+ H+ 34T+ //R+ `!@!+
3RHH:+ T+ 34T+ /R0+ `!@!+
4T3]+ H+ 34T+ /P4+ `!@!+
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3/35Z+ T+ 345+ //H+ `!@!+
301E+ R+ 345+ //T+ `!@!+
3PHR:+ H+ 345+ /1P+ `!@!+
30HPZ+ T+ 345+ /PR+ `!@!+
33TT+ T+ 344+ /RP+ `!@!+
T14!+ 35+ 344+ //4+ `!@!+
T1+ T+ /00+ /PR+ `!@!+
TP3!+ 5+ /00+ /RP+ `!@!+
R058+ 1+ /03+ //0+ `!@!+
RT1!+ H+ /03+ /3R+ `!@!+
3PP3%+ 1+ /03+ /P/+ `!@!+
/10M+ 1+ /03+ //H+ `!@!+
3R0/+ 1+ /0/+ /P5+ `!@!+
30//:+ 5+ /0/+ /R1+ `!@!+
15PZ+ P+ /0P+ /P4+ `!@!+
3RPT!+ 1+ /0P+ /P0+ `!@!+
33/T8+ 3H+ /0P+ /PT+ `!@!+
P13I+ H+ /0P+ //T+ `!@!+
/03#+ 1+ /0R+ /P/+ `!@!+
1518+ T+ /01+ /35+ `!@!+
3PP3#+ R+ /01+ /P4+ `!@!+
4T3N+ 30+ /01+ /34+ `!@!+
//8+ 1+ /0H+ //4+ `!@!+
H40!+ 5+ /0H+ /PH+ `!@!+
104N+ 1+ /0H+ //R+ `!@!+
/4R%+ R+ /0H+ /PP+ `!@!+
HP18+ 4+ /0H+ //4+ `!@!+
3/35]+ R+ /0T+ //5+ `!@!+
33T4N+ 5+ /0T+ /PH+ `!@!+
3/44M+ 1+ /05+ //4+ `!@!+
5P1N+ 5+ /04+ //T+ `!@!+
/P0M+ T+ /04+ /P5+ `!@!+
H5HN+ T+ /04+ //P+ `!@!+
//4M+ R+ /30+ /34+ `!@!+
RPR8/+ H+ /30+ /P/+ `!@!+
3/34N+ H+ /33+ /PR+ `!@!+
151:+ 30+ /3P+ /PP+ `!@!+
310H#+ 5+ /3R+ /P4+ `!@!+
3R54M+ 5+ /31+ /P4+ `!@!+
301M+ H+ /3T+ /R3+ `!@!+
/R48+ 5+ /3T+ /PH+ `!@!+
43TN+ T+ //3+ /P4+ `!@!+
3RPTN+ 5+ //3+ /R0+ `!@!+
4T37+ T+ //3+ /RP+ `!@!+
RPPM+ 1+ ///+ //5+ `!@!+
/4H8+ R+ //T+ /P5+ `!@!+
R0H:+ 30+ 3H4+ //0+ `8Y8a+
3RP5N+ PH+ /+ 3H5+ ="("DC"+
3PH1#+ PH+ T+ /4+ ="("DC"+
PTM+ PR+ 41+ 3TT+ ="("DC"+
301&+ TR+ 31R+ /0P+ ="("DC"+
T14]+ P3+ 353+ //H+ ="("DC"+
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Chart 1 Zirconium and Strintium bivariate plot, North Wall Community 

 

 
Chart 2 Rubidium and Strintium bivariate plot, North Wall Community 
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