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Quartz r2 < 0.2
p = 0.55

Feldspar

r2 = 0.25
p < 0.01

r2 < 0.2
p = 0.41

Mica

r2 = 0.71
p < 0.01

r2 < 0.2
p < 0.01

r2 = 0.46
p < 0.01

Carbonate

r2 < 0.2
p = 0.043

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.02

r2 < 0.2
p = 0.01

Pyrite

r2 = 0.39
p < 0.01

r2 < 0.2
p = 0.087

r2 = 0.33
p < 0.01

r2 = 0.45
p < 0.01

r2 < 0.2
p < 0.01

Mafics

r2 = 0.20
p < 0.01

r2 < 0.2
p < 0.01

r2 < 0.2
p < 0.01

r2 = 0.33
p < 0.01

r2 < 0.2
p = 0.64

r2 < 0.2
p < 0.01

Clay

r2 < 0.2
p = 0.84

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.54

r2 < 0.2
p = 0.92

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.93

r2 < 0.2
p < 0.01

TN

r2 = 0.65
p < 0.01

r2 < 0.2
p = 0.039

r2 = 0.47
p < 0.01

r2 = 0.87
p < 0.01

r2 < 0.2
p = 0.031

r2 = 0.32
p < 0.01

r2 = 0.24
p < 0.01

r2 < 0.2
p = 0.54

TIC

r2 < 0.2
p = 0.064

r2 < 0.2
p = 0.83

r2 < 0.2
p = 0.86

r2 < 0.2
p = 0.16

r2 < 0.2
p = 0.97

r2 < 0.2
p = 0.42

r2 < 0.2
p = 0.82

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.45

TOC

r2 = 0.26
p < 0.01

r2 < 0.2
p < 0.01

r2 = 0.36
p < 0.01

r2 = 0.47
p < 0.01

r2 = 0.27
p < 0.01

r2 = 0.23
p < 0.01

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.093

r2 = 0.35
p < 0.01

r2 < 0.2
p = 0.75

CEC

r2 < 0.2
p < 0.01

r2 = 0.21
p < 0.01

r2 < 0.2
p = 0.13

r2 < 0.2
p = 0.053

r2 < 0.2
p = 0.18

r2 < 0.2
p = 0.063

r2 = 0.29
p < 0.01

r2 < 0.2
p = 0.029

r2 < 0.2
p = 0.24

r2 < 0.2
p = 0.35

r2 < 0.2
p = 0.42

UCS

r2 < 0.2
p = 0.52

r2 < 0.2
p = 0.81

r2 < 0.2
p = 0.75

r2 < 0.2
p = 0.64

r2 < 0.2
p = 0.58

r2 < 0.2
p = 0.41

r2 = 0.23
p < 0.01

r2 = 0.33
p < 0.01

r2 < 0.2
p = 0.41

r2 < 0.2
p = 0.91

r2 < 0.2
p = 0.57

r2 = 0.25
p < 0.01

SSA

r2 < 0.2
p = 0.97

r2 < 0.2
p = 0.15

r2 < 0.2
p = 0.45

r2 < 0.2
p = 0.66

r2 < 0.2
p = 0.27

r2 < 0.2
p = 0.31

r2 = 0.44
p < 0.01

r2 = 0.34
p < 0.01

r2 < 0.2
p = 0.94

r2 < 0.2
p = 0.90

r2 < 0.2
p = 0.61

r2 = 0.37
p < 0.01

r2 = 0.58
p < 0.01

Porosity



Hc!
!

&:C=GB!QC#{ISH^RT!;<?!*;C9A<;GB!QC#{IS]^RS!2G!=J!=@DACG;<G!GA!<AGB!GF;G!WFBCB!*'*!K;>LBJ!WBCB!

F=EF!AC!>AW!CB>;G=KB!GA!GFB!CBJG!AO!GFB!J;@D>BJT!GFB!GCB<?!OA>>AWB?!M>AJB>:!W=GF!M;C9A<;GB!

DBCMB<G;EBJS!&ACAJ=G:!MACCB>;GB?!DAJ=G=KB>:!GA!))+!QC#{IS`bRT!-4!QC#{IS\]RT!;<?!*>;:!QC#{IS]]R!

;<?!<BE;G=KB>:!GA!6*)!QC#{IS\^RS!

!

"=ELCB!HSZ\!/B;G!@;D!AO!MCAJJ!D>AGJ!OAC!Z]!?;G;JBGJS!2@;EB!F=EF>=EFGJ!DAJ=G=KB!KBCJLJ!<BE;G=KB!
?;G;JBG!MACCB>;G=A<JS!#B?!MA>ACJ!=<?=M;GB!<BE;G=KB!MACCB>;G=A<T!9>LB!MA>ACJ!=<?=M;GB!DAJ=G=KB!
MACCB>;G=A<T!WFBCB!J;GLC;G=A<!AO!MA>AC!=<?=M;GBJ!JGCB<EGF!AO!MACCB>;G=A<S!
!
!

N;JB?!A<!GFB!DC=<M=D;>!MA@DA<B<G!;<;>:J=JT!^aS^}!AO!GFB!K;C=;G=A<!W=GF=<!GFB!?;G;JBGJ!

MAL>?!9B!;GGC=9LGB?!GA!GFCBB!DC=<M=D;>!MA@DA<B<GJ!Q"=ELCB!HSZ]T!+DDB<?=V!NRS!&*Z!W;J!JGCA<E>:!

?A@=<;GB?!9:!@=<BC;>AE:T!*'*T!;<?!M;C9A<!MA<MB<GC;G=A<JS!&*H!W;J!JGCA<E>:!?A@=<;GB?!9:!

*>;:T!-4T!))+T!&ACAJ=G:T!;<?!6*)S!&*!\!W;J!?A@=<;GB?!9:!&:C=GBT!%;O=MJT!;<?!-$*S!

! 1 ! 0.8 ! 0.6 ! 0.4 ! 0.2 0 0.2 0.4 0.6 0.8 1

Qua
rtz

Fe
lds

pa
r

M
ica

Car
bo

na
te

Pyr
ite

M
af

ics

Clay

TN

TIC

TO
C

CEC

UCS

SSA

Por
os

ity

Quartz

Feldspar

Mica

Carbonate

Pyrite

Mafics

Clay

TN

TIC

TOC

CEC

UCS

SSA

Porosity



\I!
!

!

"=ELCB!HSZ]S!&C=<M=D;>!MA@DA<B<G!;<;>:JBJS!&*Z!;<?!&*H!MA<GCA>!a^Sa}!AO!GFB!K;C=;<MB!W=GF=<!
GFB!?;G;JBGS!+??=<E!&*\T!=<MCB;JBJ!GFB!DBCMB<G!AO!K;C=;<MB!MA<GCA>>B?!GA!^aS^}S!
!
!

/=BC;CMF=M;>!M>LJGBC=<E!LJ=<E!.;C?jJ!@=<=@L@!K;C=;<MB!@BGFA?!DCA?LMB?!GFCBB!

J=E<=O=M;<G!M>LJGBC!ECALDJT!WF=MF!W=>>!9B!CBOBCCB?!GA!;J!*>LJGBCJ!+!QD=<YRT!N!QECBB<RT!;<?!*!Q9>LBR!

Q"=ELCB!HSZ`RS!4=<BGBB<!J;@D>B!>AM;G=A<J!OB>>!=<GA!*>LJGBC!+T!W=GF!\a!B;MF!=<!*>LJGBCJ!N!;<?!*S!

*>LJGBC!+!BVF=9=GB?!;!F=EFBC!?=JJ=@=>;C=G:!OCA@!9AGF!*>LJGBCJ!N!;<?!*S!+!FB;G!@;D!MCAJJ!D>AG!AO!

GFBJB!M>LJGBCJ!JFAW!GF;G!*>LJGBC!*!J;@D>BJ!;CB!GFB!@AJG!=<GBC<;>>:!J=@=>;CT!OA>>AWB?!9:!*>LJGBC!N!

;<?!GFB<!*>LJGBC!+!Q"=ELCB!HSZaRS!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Quartz

Fe
lds

Mica

Carbonate

Pyrite

Mafics

C
lay

T
N

TICTOC

CEC
U

C
S

S
Apo

rS
A

! 5

0

5

10

! 5 0 5
PC1 (41.0% explained var.)

P
C

2 
(2

6.
6%

 e
xp

la
in

ed
 v

ar
.)



\Z!
!

!

"=ELCB!HSZ`S!*>LJGBC!?B<?CAEC;@!AO!J;@D>BJ!W=GF=<!GFB!';JG!#=KBC!8;>>B:S!);@D>BJ!WBCB!JD>=G!
=<GA!GFCBB!M>LJGBCJT!=?B<G=O=B?!;J!*>LJGBC!+!QD=<YT!<{ZcRT!*>LJGBC!N!QECBB<T!<{\aRT!;<?!*>LJGBC!*!
Q9>LBT!<{\aRS!! !

!"#
!$%
!&'
!##
!$"
!$$
!&#
!(&
!$'
'!%
!"'
!"%
!"!
!"&
!")
!"$
!%%
!%'
!""
!$&
!&(
!)"
!*%
!*!
!*'
!(!
!((
!)$
!"*
!)&
!'#
!#'
!$*
!&$
!&&
!&%
!&)
!*$
!$(
!&"
!#)
!#"
!'(
!(%
!$!
!$)
!&*
!*)
!*"
!*#
!')
!(*
!#$
!('
!#&
!%"
!%&
!!"
!%$
!!)
!!*
!)%
!("
!()
!($
!'"
!!'
!%)
!)'
'!!
!!$
!'%
!))
!**
!*(
!*&
!#(
!"(
!)#
!%!
'!'
!(#
!#!
!)(
!#%
!'&
!!&
!!#
!#*
!!%
!''011

002
097
006

016
009

092
038

090
101

020
089

039
048

098
078

077
076

033
012

005
031

023
100

001
014

085
084

032
083

007
003

025
026

024
004

096
081

095
013

079
087

074
073

067
050

082
053

018
094

093
058

075
064

063
062

066
057

091
065

019
036

047
088

080
035

071
070

072
068

056
034

044
021

022
043

046
045

040
042

041
051

086
102

069
055

054
061

052
099

049

Cluster C

Cluster B

Cluster A



\H!
!

!

"=ELCB!HSZaS!/B;G!@;D!AO!J;@D>B!M>LJGBCJ!MCAJJ!D>AGJS!*AA>!MA>ACJ!Q9>LBJR!CBDCBJB<G!JGCA<E!
MACCB>;G=A<J!9BGWBB<!J;@D>BJ!9;JB?!A<!?;G;JBGJT!W;C@!MA>ACJ!QCB?!;<?!AC;<EBR!CBDCBJB<G!WB;Y!
MACCB>;G=A<J!9BGWBB<!J;@D>BJS!*ACCB>;G=A<!?BGBC@=<B?!OCA@!.;C?jJ!@=<=@L@!K;C=;<MB!@BGFA?S!
4AGB!GF;G!GFB!MACCB>;G=A<J!;CB!J:@@BGC=M!;MCAJJ!GFB!?=;EA<;>!@=?>=<B!OAC!GFB!=<GBC(M>LJGBC!
MA@D;C=JA<JS!!

Cluster A Cluster B Cluster C
C

lu
st

er
 A

C
lu

st
er

 B
C

lu
st

er
 C



\\!
!

#"L!E1'+0''1.-!

-FB!EA;>J!AO!GF=J!JGL?:!WBCB!GA!;R!=?B<G=O:!;<!=<?=M;GAC!AO!@BG;@ACDF=J@!=<!GFB!'#8!

W;GBCJFB?T!9R!?BGBC@=<B!YB:!MF;<EBJ!=<!CAMY!DCADBCG=BJ!;MCAJJ!K;C:=<E!>=GFA>AE=BJ!W=GF=<!GFB!

W;GBCJFB?T!;<?!MR!J:<GFBJ=XB!CAMY!DCADBCG=BJ!W=GF!GFB=C!>BKB>!AO!;>GBC;G=A<!=<!AC?BC!GA!DCB?=MG!

WFBCB!GFBJB!;>GBC;G=A<J!MA<GCA>!>;<?OAC@!BKA>LG=A<!DCAMBJJBJS!N:!@;DD=<E!DCB?=MGB?!CAMY!

DCADBCG=BJT!W;GBCJFB?!@A?B>BCJ!W=>>!F;KB!;MMBJJ!GA!@ACB!;MMLC;GB!JD;G=;>!=<DLGJT!GFLJ!?BKB>AD=<E!

@ACB!DCBM=JB!DCB?=MG=A<J!AO!W;GBCJFB?!MF;<EBJ!GFCALEF!>;<?!LJB!BKA>LG=A<S!

:3(*7.)8;1+!,-/1+*(.)'!

"CA@!GFB!?;G;!DCAK=?B?T!WB!WBCB!;9>B!GA!=?B<G=O:!GWA!D;C;@BGBCJ!GF;G!DCAK=?B?!>=YB>:!

=<?=M;GACJ!AO!GFBC@;>!;>GBC;G=A<!Q=SBS!MA<G;MG!@BG;@ACDF=J@R1!DCBJB<MB!AO!;LE=GB!=<!GFB!J;@D>B!

@=<BC;>AE:!;<?!L<?BC?BKB>ADB?!/2 !K;>LBJ!Q=<?=M;G=KB!AO!AKBC@;GLCB?!ACE;<=M!@;GGBCR!OCA@!

D:CA>:J=JS!! !

+LE=GB!

+LE=GBT!;!D:CAVB<B!JA>=?!JA>LG=A<!@=<BC;>!ECALD!Q"#$%&$'"()%*+%,-%./'"0/%,-'! 1 "R!OAC@B?!

?LC=<E!@;O=M!@B>G!MC:JG;>>=X;G=A<!AC!F=EF!GB@DBC;GLCB!;>GBC;G=A<!AO!;!M;>M=L@hJA?=L@(C=MF!

;>L@=<AJ=>=M;GB!CAMYT!OAC@J!;G!GB@DBC;GLCBJ!OCA@!bIIv*!s!ZZIIv*!Q#B:<;C?!BG!;>ST!HIIaRS!,AWBC!

GB@DBC;GLCBJ!Q`\`v*(aIIv*R!AO!D:CAVB<B!MC:JG;>>=X;G=A<!M;<!AMMLC!=O!DCBJJLCBJ!CB;MF!Z!Y9;C!

?LC=<E!GFB!@BG;@ACDF=M!DCAMBJJ!QNC:;<GT!Zc^cRS!&CBJB<MB!AO!GF=J!@=<BC;>!ECALD!=J!MA@@A<!=<!

MA<G;MG!@BG;@ACDF=J@!AO!M;>M;CBALJ!JF;>BJT!DCA?LM=<E!;!M;>M(J=>=M;GB!JY;C<!W=GF=<!GFB!F=EFBJG!

GB@DBC;GLCB!;LCBA>BJ!JLCCAL<?=<E!GFB!=E<BALJ!=<GCLJ=A<!Q4BW9BCC:T!Zcb^m!N;EF9;<!BG!;>ST!HIZ`RS!

-FB!GFBC@;>!MFB@=M;>!CB;MG=A<!AO!?A>A@=GB!D>LJ!PL;CGX!GA!?=ADJ=?B!D>LJ!M;C9A<!?=AV=?B!F;J!9BB<!

JFAW<!=<!@L>G=D>B!>AM;G=A<J!Q'=<;L?=!BG!;>ST!ZcbZm!%B=<BCGT!ZccHm!%AYFG;C=!BG!;>ST!HIZcR1!!!

+456 $+7 ) (&*+, -,./01 2 8 %#!97&*3456782 : +456 !9&79*54:;7< 2 8 %+7&!!



\]!
!

$O!GFB!c`!J;@D>BJ!W=GF!@=<BC;>AE=M;>!?;G;T!a\!J;@D>BJ!MA<G;=<B?!;!IS`}!AC!F=EFBC!MA@DA<B<G!AO!

;LE=GBS!-FBJB!J;@D>BJ!;CB!JD;G=;>>:!DCAV=@;>!GA!Y<AW<!=E<BALJ!=<GCLJ=A<J!=<!GFB!'#8S!!

/:?CAEB<!2<?BV!

.F=>B!A<>:!J;@D>BJ!W=GF!F=EF!)H!K;>LBJ!QuISH!@E!/*hE!CAMYR!WBCB!LJB?!GA!M;>ML>;GB!

-@;VT!)H!K;>LBJ!xISH!@E!/*hE!CAMY!M;<!MA<G;=<!?=OOBCB<G!=<OAC@;G=A<!CBE;C?=<E!GFBC@;>!

@;GLC=G:S!)#+!A<>:!FB;GJ!J;@D>BJ!GA!;!GB@DBC;GLCB!AO!aIbv*T!;!GB@DBC;GLCB!>AWBC!GF;<!

;<G=M=D;GB?!OCA@!;!MA<G;MG!@BG;@ACDF=J@S!2O!J;@D>BJ!WBCB!FB;GB?!GA!-!u!aIbv*!?LC=<E!

@BG;@ACDF=J@!WB!WAL>?!BVDBMG!J;@D>BJ!W=GF!>AW!)H!K;>LBJ!GA!DAGB<G=;>>:!;>JA!9B!A<BJ!GF;G!;CB!

@BG;@ACDFAJB?!9BM;LJB!;<:!D:CA>:X;9>B!ACE;<=M!M;C9A<!WAL>?!F;KB!?BMA@DAJB?!?LC=<E!

@BG;@ACDF=J@!QNLC<F;@!;<?!NC;L<T!ZccIRS!.FB<!/:?CAEB<!2<?BV!Q/2!{!)Hh-$*zZIIR!W;J!

MA@D;CB?!GA!;LE=GB!DBCMB<G!OCA@!_#0!Q"=ELCB!HSZ^RT!;>>!J;@D>BJ!W=GF!xHI!@E!/*hE!-$*!

MA<G;=<!;LE=GB!=<!MA<MB<GC;G=A<J!F=EFBC!GF;<!GFB!%02!i;?B!JAOGW;CBjJ!?BGBMG=A<!>=@=G!QZS`}R!AO!

_#0!D;GGBC<JS!)=@=>;C>:T!;>>!J;@D>BJ!W=GF!uHI!@E!/*hE!-$*!F;KB!;LE=GB!DBCMB<G;EBJ!9B>AW!GFB!

?BGBMG=A<!>=@=GS!!

!
"=ELCB!HSZ^S!*CAJJ!D>AG!AO!/:?CAEB<!2<?BV!Q/2R!K;>LBJ!;<?!+LE=GB!@=<BC;>!DBCMB<G;EBJS!)H!W;J!
<AC@;>=XB?!GA!-$*!K;>LBJ!=<!AC?BC!GA!CB@AKB!J;@D>B!FBGBCAEB<B=G:!=<!ACE;<=M!M;C9A<!
MA<MB<GC;G=A<JS!

! " # $ %

!
&

!
"!

'!
#!

(!
$!

Augite Percent v HI

)*+,-./0

12
34

5+
.6

/7
63

.8
/9

17
:

Augite Percent 
(wt %)

Augite v. Hydrogen Index
1.3%

20

H
yd

ro
ge

n 
In

de
x 

(H
I)

(m
g 

H
C

/g
 T

O
C

)



\`!
!

&BGCAEC;DF:!

-WA!J;@D>BJ!WBCB!JB>BMGB?!GA!BV;@=<B!GFB!CAMY!O;9C=M!;<?!GBVGLC;>!CB>;G=A<JF=DJ!9BGWBB<!

@=<BC;>J!;<?!F:?CAM;C9A<J1!A<B!W=GF!F=EF!;LE=GB!;<?!>AW!/2!;<?!A<B!W=GF!>AW!;LE=GB!;<?!F=EF!

/2S!-FBJB!GWA!J;@D>BJ!WBCB!MA>>BMGB?!a!Y@!;D;CG!=<!>AWBC!F;>O!AO!GFB!W;GBCJFB?S!'#%(I]^!F;J!

`S`}!;LE=GB!;<?!;!>AW!/2!K;>LB!QZH!@E!/*hE!-$*RT!'#%(I`I!F;J!ZS\}!;LE=GB!;<?!;!F=EF!/2!

K;>LB!Q\I!@E!/*hE!CAMYRS!!

&BGCAEC;DF=M!=@;E=<E!W;J!LJB?!GA!>AAY!;G!GFB!O;9C=M!;<?!?BGBC@=<B!YB:!?=OOBCB<MBJ!

Q"=ELCB!HSZbRS!NAGF!J;@D>BJ!;CB!@;?B!LD!DC=@;C=>:!AO!PL;CGXT!OB>?JD;CJT!@=M;JT!M;C9A<;GBJT!

;LE=GBT!;<?!M>;:JT!=<!K;C:=<E!DBCMB<G;EBJ!?BGBC@=<B?!OCA@!_#0S!'#%(I`I!;<?!'#%(I]^!F;?!

J=@=>;C!DBCMB<G;EBJ!AO!OB>?JD;C!Q^S^}!;<?!aSc}T!CBJDBMG=KB>:R!;<?!@=M;!Q`Sa!;<?!aSa}T!

CBJDBMG=KB>:RT!9LG!'#%(I`I!W;J!@ACB!J=>=M;(C=MF!;<?!M;C9A<;GB(DAAC!Q\cSH}!;<?!HISa}R!GF;<!!

!

"=ELCB!HSZbS!&BGCAEC;DF=M!=@;E=<E!AO!'#%(I]^!Q;!f!9R!;<?!'#%(I`I!QM!f! ?RS!2@;EB!M!JFAWJ!;!
D>;<B!DA>;C=XB?!>=EFG!=@;EB!AO!9=GL@B<!C=<?!A<!GFB!ALGBC!JFB>>!AO!;!E>A9=EBC=<=?!OAC;@S!2@;EB!9!
JFAWJ!GFB!J;@B!=@;EB!=<!MCAJJ(DA>;C=XB?!>=EFGS!2@;EB!M!JFAWJ!GFB!CB??=JF!FLB!AO!GFB!ACE;<=M!
@;GGBC!=<!'#%(I`IT!>B<?=<E!=<GBCDCBG;G=A<!GA!B;C>:(JG;EB!YBCAEB<S!2@;EB!?!=J!GFB!MCAJJ(DA>;C=XB?!
=@;EB!AO!MS!



\a!
!

'#%(I]^!QZ\Sa}!;<?!]cS]}RS!0LB!GA!GFB!;LGF=EB<=M!<;GLCB!AO!GFB!;LE=GBT!=G!=J!>=YB>:!GF;G!GFB!

;LE=GB!MC:JG;>J!;CB!KBC:!O=<B!EC;=<B?T!;J!WB!WBCB!L<;9>B!GA!D=MY!ALG!=<?=K=?L;>!;LE=GB!MC:JG;>JT!9LG!

GFB!@;GC=V!=<!9AGF!J;@D>BJ!WBCB!DBCK;J=KBS!!!

-FB!K=JL;>!<;GLCB!AO!GFB!ACE;<=M!@;GGBC!?=OOBCB?!9BGWBB<!GFB!GWA!J;@D>BJS!2<!'#%(I]^T!

GFB!@ACB!GFBC@;>>:!;>GBCB?!J;@D>BT!GFB!ACE;<=M!@;GGBC!Q-$*!{!HS^}R!;DDB;CB?!;J!;!MA;G=<E!

;CAL<?!=<?=K=?L;>!EC;=<J!;<?!JG;CY!9>;MY!=<!D>;<B!DA>;C=XB?!>=EFG!Q"=ES!HSZHT!;RT!W=GF!;!9C=EFG!

ALG>=<B!=<!CBO>BMGB?!>=EFGS!2<!'#%(I`IT!>BJJ!GFBC@;>>:!;>GBCB?!J;@D>BT!GFB!ACE;<=M!@;GGBC!Q-$*!{!

ZSH}R!=J!?=JDBCJB?!;@A<E!GFB!@;GC=V!;<?!CB??=JF!=<!FLB!=<?=M;G=<E!>BJJ(;>GBCB?!YBCAEB<!Q"=ES!ZHSH!

M!f! ?RS!

?I.40(1.-!.A!D.+M!F).83)(13'!

/=BC;CMF=M;>!M>LJGBC=<E!AO!GFB!?;G;JBGJ!=?B<G=O=BJ!GFCBB!?=JG=<MG!ECALDJ!9;JB?!A<!MFB@=M;>!

;<?!DF:J=M;>!DCADBCG=BJS!-FB!OA>>AW=<E!?=JMLJJ=A<!JL@@;C=XBJ!B;MF!AO!GFAJB!M>LJGBCJ!;<?!

=?B<G=O=BJ!FAW!K;C=;G=A<J!=<!GFB!DCADBCG=BJ!;MCAJJ!M>LJGBCJ!G=B!=<GA!GFB=C!>=GFA>AE=M!J=E<;GLCB!;<?!

;JJAM=;GB?!;>GBC;G=A<J!?LB!GA!GFBC@;>!BOOBMGJS!';MF!M>LJGBC!Q+T!N!;<?!*R!F;KB!9BB<!@;DDB?!ALG!

JD;G=;>>:!Q"=ELCB!HSZcR!GA!K=JL;>>:!MA@D;CB!>AM;G=A<J!AO!B;MF!?;G;DA=<G!;<?!WFBCB!GFB:!O;>>!W=GF=<!

GFB!M>LJGBCS!

*>LJGBC!+!

);@D>BJ!=<!*>LJGBC!+!F;KB!;<!;KBC;EB!@=<BC;>AE:!AO!PL;CGX!{!ZZSa}T!OB>?JD;C!{!ZHS`}T!

@=M;!{!ZS\}T!M;C9A<;GB!{!aISa}T!xZ}!D:C=GBT!\S\}!@;O=MJT!;<?!bS]}!M>;:!@=<BC;>JS!+KBC;EB!

-$*!W;J!HS]}T!*'*!W;J!HZSHH!@BPhZIIET!;<?!6*)!W;J!`ZS`Z!%&;S!-AA!OBW!?;G;DA=<GJ!=<!GF=J!

M>LJGBC!F;KB!@B;JLCB?!JLCO;MB!;CB;!GA!M;>ML>;GB!;<!;KBC;EB!W=GF!JG;G=JG=M;>!J=E<=O=M;<MBS!*>LJGBC!+!

F;J!GFB!F=EFBJG!>BKB>!AO!=<GBC<;>!?=JJ=@=>;C=G:!;@A<E!J;@D>BJ!Q"=ELCB!HSZaRS!.FB<!D>AGGB?!

JD;G=;>>:T!Z]!AO!GFB!Zc!J;@D>BJ!M>LJGBC!GA!GFB!<ACGFB;JG!AO!5AGF=M!%AL<G;=<S!-FB!O=KB!CB@;=<=<E!!



\^!
!

!

"=ELCB!HSZcS!*>LJGBCJ!@;DDB?!;MCAJJ!GFB!';JG!#=KBC!8;>>B:!.;GBCJFB?S!*>LJGBC!+!=J!?B<AGB?!W=GF!
D=<Y!JPL;CBJT!*>LJGBC!N!W=GF!ECBB<!JG;CJT!;<?!*>LJGBC!*!W=GF!9>LB!M=CM>BJS!!
!

!

J;@D>BJ!Q'#%(IHZT!IHHT!I`HT!I`]T!I``R!?A!<AG!M>LJGBC!JD;G=;>>:!W=GF=<!GFB!W;GBCJFB?!;<?!F;KB!

JA@B!D;C;@BGBCJ!GF;G!;CB!KBC:!?=OOBCB<G!OCA@!GFB!;KBC;EB!MF;C;MGBC=JG=MJ!AO!*>LJGBC!+S!-FB:!;CB!

;>JA!GFB!@AJG!?=JJ=@=>;C!OCA@!B;MF!AGFBCS!'#%(IHZ!=J!;!J;@D>B!W=GF!F=EF!M;C9A<;GB!DBCMB<G;EB!

Q`bS]}R!?LB!GA!>;CEB!OAJJ=>!OC;E@B<GJ!DCBJB<G!=<!GFB!CAMY!O;9C=MS!#B>;G=KB!GA!AGFBC!J;@D>BJ!=<!GF=J!



\b!
!

M>LJGBCT!GF=J!J;@D>B!F;J!;!>AWBC!M;G=A<!BVMF;<EB!M;D;M=G:!QZISb^!@BPhZIIERT!F=EFBC!-$*!

Q^SbH}RT!;<?!@LMF!F=EFBC!M>;:!DBCMB<G;EB!QH\S]}RS!'#%(IHH!=J!;!J;@D>B!G;YB<!KBC:!<B;C!;<!

=E<BALJ!?=YBT!W=GF!JBKBC;>!@=<BC;>=XB?!OC;MGLCBJ!;<?!;! F=EF!DBCMB<G;EB!AO!OB>?JD;CJ!QHc}RT!9LG!

AGFBCW=JB!F;J!;! >AWBC!M;C9A<;GB!WB=EFG!DBCMB<G!Q]ZSa}RT!F=EFBC!PL;CGX!WB=EFG!DBCMB<G!QZ^SZ}RT!

;<?!F=EF!-$*!QaSc}RS!'#%(I`H!F;J!;<!;<A@;>ALJ>:!F=EF!OB>?JD;C!DBCMB<G!Qa^SZ}R!;<?!6*)!

K;>LB!QZZbSc!%&;RT!>AW!M;C9A<;GB!DBCMB<G!QZISZ}R!;<?!M>;:!DBCMB<G!QIS`\}R!;<?!*'*!QcZS\Z!

@BPhZIIERS!'#%(I`]!;<?!I``!D>AG!<B;C!A<B!;<AGFBC!;<?!F;KB!J=@=>;C!;9BCC;G=A<J!OCA@!GFB!

;KBC;EB!K;>LBJS!-FB:!9AGF!F;KB!>AW!OB>?JD;C!DBCMB<G;EBJ!Q`S^}!;<?!\S]}T!CBJDBMG=KB>:R!;<?!

-$*!QISa}!OAC!9AGFRT!F=EF!@;O=M!DBCMB<G;EBJ!QaS\}!;<?!aSH}T!CBJDBMG=KB>:R!;<?!GAG;>!<=GCAEB<!

QISZ]}!;<?!ISZa}T!CBJDBMG=KB>:RS!2O!WB!CB@AKB!GFBJB!J;@D>BJT!;KBC;EBJ!AO!D;C;@BGBCJ!=<!*>LJGBC!

+!MF;<EB!;<?!GFB!JG;<?;C?!?BK=;G=A<J!;CB!>AWBCT!=<?=M;G=<E!GF;G!GFBJB!O=KB!J;@D>BJ!O;>>!ALGJ=?B!AO!

GFB!?BJMC=DG=KB!D;C;@BGBCJ!AO!GF=J!M>LJGBCS!

*>LJGBC!N!

! -F=CG:(J=V!J;@D>BJ!WBCB!ECALDB?!=<GA!*>LJGBC!NT!W=GF!;<!;KBC;EB!/2!K;>LB!AO!a!@E!

/*hE!-$*T!PL;CGX!DBCMB<G;EB!AO!H^Sa}T!OB>?JD;C!DBCMB<G!AO!Z\}T!@=M;!DBCMB<G!AO!]S^}T!

M;C9A<;GB!DBCMB<G!AO!\]}T!D:C=GB!AO!ZSH}T!@;O=MJ!DBCMB<G!AO!HSH}T!M>;:!DBCMB<G!AO!H\Sc}T!GAG;>!

<=GCAEB<!AO!ISZH}T!-$*!AO!HS^\}T!*'*!AO!ZbSI^!@BPhZIIET!6*)!AO!Z^Saa!%&;T!;<!;KBC;EB!

JLCO;MB!;CB;!AO!cSZ!@#hET!;<?!;!DACAJ=G:!AO!]}S!-F=CG:(GWA!AO!GFB!\a!J;@D>BJ!JD;G=;>>:!M>LJGBC!

;>A<E!GFB!MB<GC;>!MACC=?AC!AO!GFB!';JG!#=KBC!8;>>B:!9BGWBB<!.F=GB!#AMY!%AL<G;=<!QGA!GFB!B;JGR!

;<?!5AGF=M!;<?!)<A?EC;JJ!%AL<G;=<J!QGA!GFB!WBJGRS!-F=J!>AM;G=A<!AO!GFB!J;@D>BJ!>=YB>:!=<?=M;GB!

GF;G!GFBJB!J;@D>BJ!F;KB!9BB<!GFBC@;>>:!;>GBCB?!?LB!GA!GFB=C!DCAV=@=G:!GA!GFB!=<GCLJ=A<J!GF;G!

MA@DC=JB!GFB!<B;C9:!DB;YJS!!



\c!
!

-FB!CB@;=<=<E!OALC!J;@D>BJ!;CB!<AG!;J!?=OOBCB<G!OCA@!GFB!;KBC;EB!GF;<!GFB!ALG>=BCJ!=<!

*>LJGBC!+S!'#%(IZb!F;J!;!>AWBC!*'*!QZIS`Z!@BPhZIIER!;<?!@LMF!>AWBC!6*)!QaSc`!%&;R!GF;<!

;KBC;EB!OAC!GF=J!M>LJGBCS!2<!MA<GC;JGT!GF=J!J;@D>B!F;J!;!@LMF!F=EFBC!JLCO;MB!;CB;!QZ\Sc`!@#hER!;<?!

-$*!Q^S\Z}R!GF;<!@;<:!AO!GFB!AGFBC!J;@D>BJS!'#%(IZc!F;J!;!>AWBC!-4!QISI`}R!GF;<!BVDBMGB?!

OCA@!GFB!M>LJGBC!;KBC;EB!;<?!J>=EFG>:!F=EFBC!-$*!Q]Sac}R!;<?!@LMF!F=EFBC!6*)!Q`bSH!%&;RS!

'#%(I]^!F;J!>AWBC!PL;CGX!QZ\Sa}RT!-4!QISI\}RT!*'*!QbSZ`!@BPhZIIERT!;<?!>AWBC!JLCO;MB!;CB;!

QHS\H!@#hER!GF;<!GFB!;KBC;EB!M>LJGBC!K;>LBJT!9LG!F=EFBC!@;O=MJ!Q`S`}R!;<?!6*)!Q\]ScZ!%&;RS!-FB!

A<>:!D;C;@BGBC!AO!'#%(Ica!GF;G!OB>>!ALGJ=?B!AO!A<B!JG;<?;C?!?BK=;G=A<!AO!GFB!;KBC;EB!AO!M>LJGBC!

N!W;J!=GJ!M;C9A<;GB!DBCMB<G;EB!QZbSb}RS!!!

*>LJGBC!*!

);@D>BJ!GF;G!OB>>!=<!*>LJGBC!*!JD;G=;>>:!M>LJGBCB?!;G!GFB!<ACGFWBJGBC<!;<?!JALGFB;JGBC<!

B?EBJ!AO!GFB!J;@D>B!;CB;!QBVMBDG!'#%(IZ]!;<?!'#%(IHIRS!+KBC;EB!/2!K;>LBJ!WBCB!HI!@E!/*hE!

-$*T!PL;CGX!{!]]SZ}T!OB>?JD;C!{!ZZSH}T!@=M;!{!cSZ}T!M;C9A<;GB!{!ZZSH}T!@;O=M!{!IS\}T!M>;:!{!

H\Sc}T!GAG;>!<=GCAEB<!{!ISZ}T!-$*!{!ZSbH}T!*'*!{!aS`c!@BPhZIIET!6*)!{!ZbSHc!%&;T!;<?!

;KBC;EB!JLCO;MB!;CB;!{!bSa^!@#hES!'#%(IZ]!O;>>J!W=GF=<!BCCAC!GA!GFB!;KBC;EB!A<!;>>!AO!GFBJB!

D;C;@BGBCJT!BVMBDG!M>;:!DBCMB<GT!WF=MF!=J!\HSH}S!'#%(IHI!F;J!>AW!PL;CGX!QH`S^}R!;<?!JLCO;MB!

;CB;!QZSZc!@#hERT!F=EF!M;C9A<;GB!Q\ISZ}RT!@;O=MJ!QHSc}RT!6*)!Q`cS^a!%&;R!;<?!-$*!Q`S]\}R!

CB>;G=KB!GA!GFB!;KBC;EB!AO!J;@D>BJ!=<!GF=J!M>LJGBCS!!

*>LJGBC!*A@D;C=JA<J!

*>LJGBC!+!W;J!GFB!@AJG!?=JJ=@=>;C!M>LJGBC!Q9AGF!=<GC;!;<?!=<GBC(M>LJGBCJR!GF;<!*>LJGBCJ!N!AC!

*!9;JB?!A<!'LM>=?=;<!?=JG;<MBJ!A<!GFB!?B<?CAEC;@!;<?!GFB!FB;G!@;D!Q"=ELCBJ!HSZ`!;<?!HSZaRS!$<!

;KBC;EBT!J;@D>BJ!OCA@!*>LJGBC!+!F;?!GFB!F=EFBJG!OB>?JD;CT!M;C9A<;GBT!@;O=MT!*'*T!;<?!6*)!

K;>LBJ!AO!GFB!GFCBB!M>LJGBCJS!-FB!F=EF!DBCMB<G;EB!AO!@;O=M!;<?!M;C9A<;GB!@=<BC;>J!W=GF!F=EF!



]I!
!

L<MA<O=<B?!MA@DCBJJ=KB!JGCB<EGF!K;>LBJ!MA@9=<B?!W=GF!GFB!>AWBJG!JLCO;MB!;CB;!;<?!M>;:!

DBCMB<G;EBJ!=<!GFBJB!J;@D>BJ!>B;?J!GA!GFB!MA<M>LJ=A<!GF;G!GF=J!M>LJGBC!CBDCBJB<GJ!GFB!@AJG!

@BG;@ACDFAJB?!ECALD=<E!AO!GFB!J;@D>BJS!-F=J!MA<M>LJ=A<!=J!JLDDACGB?!9:!GFB!O;MG!GF;G!GFBJB!

J;@D>BJ!F;KB!GFB!M>AJBJG!DCAV=@=G:!GA!GFB!=E<BALJ!=<GCLJ=A<JS!!

);@D>BJ!=<!GFB!<ACGFWBJG!Q'#%(Ibc(IcHT!IHHT!;<?!I\bR!AO!GFB!JGL?:!;CB;!JFAL>?!9B!

=?B<G=O=B?!;J!F=EF>:!@BG;@ACDFAJB?!?LB!GA!GFB=C!DCAV=@=G:!GA!Y<AW<!=E<BALJ!=<GCLJ=A<J!=<!GFB!

'#8!=<!;??=G=A<!GA!F=EF!GB@DBC;GLCB!B@D>;MB@B<GJ!GA!GFB!<ACGFWBJG!AO!ALC!JGL?:!;CB;!Q5;JY=>>T!

ZccZRS!0LC=<E!GFB!JG;G=JG=M;>!M>LJGBC=<ET!FAWBKBCT!GFBJB!J;@D>BJ!WBCB!JDCB;?!;MCAJJ!*>LJGBCJ!+!

Q'#%(IHHRT!N!Q'#%(IcZRT!;<?!*!Q'#%(IHIT!(I\bT!(I\cT!(IbcT!(IcIT!(IcHT!;<?!(IcbRS!&:CA>:J=J!

?;G;!OCA@!A<B!AO!GFBJB!J=V!J;@D>BJ!Q'#%(I\bR!F;J!;!>AW!/2!Q]S`!@E!/*hE!-$*RT!JLEEBJG=<E!;!

@BG;EB<BG=M!AKBCDC=<G!A<!GFB!M;C9A<!J=E<;GLCBS!$O!GFB!J=V!J;@D>BJT!A<>:!GWA!J;@D>BJ!Q'#%(IcZ!

;<?!(IHHR!F;KB!MA<MB<GC;G=A<J!AO!;LE=GB!F=EFBC!GF;<!GFB!?BGBMG=A<!>=@=G!Q`Sa}!;<?!HSI}T!

CBJDBMG=KB>:RS!-FB!>;MY!AO!;LE=GB!=<!GFB!AGFBC!OALC!J;@D>BJT!FAWBKBCT!M;<!9B!;GGC=9LGB?!GA!GFB!>;MY!

AO!DC=@;C:!?A>A@=GB!Q;>>!OALC!J;@D>BJ!MA<G;=<!I}!M;C9A<;GB!@=<BC;>JRT!WF=MF!=J!CBPL=CB?!GA!

MA@D>BGB!GFB!MFB@=M;>!CB;MG=A<!AO!;LE=GB!DCBM=D=G;G=A<!=<!MA<G;MG!@BG;@ACDF=J@!B<K=CA<@B<GJS!2G!

=J!>=YB>:!GF;G!DC=@;C:!@=<BC;>!MA@DAJ=G=A<!MA<GCA>J!GFB!M>LJGBC=<E!AO!GFBJB!J;@D>BJ!;<?!GF;G!GFB:!

JFAL>?!9B!MA<J=?BCB?!;J!;<!=<?BDB<?B<G!M>LJGBC!OCA@!GFB!AGFBC!J;@D>BJS!

2<!MA<GC;JGT!*>LJGBC!N!;<?!*>LJGBC!*!F;KB!@;<:!;KBC;EB!K;>LBJ!QM>;:T!GAG;>!<=GCAEB<T!GAG;>!

ACE;<=M!M;C9A<T!L<MA<O=<B?!MA@DCBJJ=KB!JGCB<EGFT!;<?!;KBC;EB!JLCO;MB!;CB;R!GF;G!;CB!JG;G=JG=M;>>:!

J=@=>;CS!0=OOBCB<MBJ!9BGWBB<!GFBJB!GWA!M>LJGBCJ!=<M>L?B?!PL;CGX!;<?!M;C9A<;GB!DBCMB<G;EBJT!;J!

WB>>!;J!M;G=A<!BVMF;<EB!M;D;M=G:T!WF=MF!;CB!DAJJ=9>:!>=<YB?!GA!?BGC=G;>!@=<BC;>AE:S!0=OOBCB<MBJ!

GF;G!@;:!9B!G=B?!GA!GFB!MA<G;MG!;LCBA>B!=<M>L?B!GFB=C!;KBC;EB!/2!;<?!@;O=M!DBCMB<G;EBJ!K;>LBJS!



]Z!
!

*>LJGBC!N!F;J!;!>AWBC!;KBC;EB!/2!K;>LB!Qa!@E!/*hE!-$*R!;<?!F=EFBC!AKBC;>>!K;>LB!AO!@;O=M!

@=<BC;>J!QHSH}R!GF;<!*>LJGBC!*!QHI!@E!/*hE!-$*!;<?!IS\}T!CBJDBMG=KB>:RS!

"CA@!JG;G=JG=M;>!M>LJGBC=<E!DBCOAC@B?!A<!?;G;!;<;>:JBJ!DCBJB<GB?!FBCBT!WB!=<GBCDCBG!

*>LJGBC!+!;J!GFB!@AJG!F=EF>:!@BG;@ACDFAJB?!J;@D>BJ!QW=GF!=<GBC<;>!?=JJ=@=>;C=G=BJ!?LB!GA!?BGC=G;>!

K;C=;G=A<J!GF;G!F;KB!9BB<!GFBC@;>>:!@;GLCB?RT!W=GF!*>LJGBC!N!@A?BC;GB>:!@BG;@ACDFAJB?T!;<?!

*>LJGBC!*!;J!DC=@;C:!%;<MAJ!)F;>B!>=GFA>AE:S!.=GF!GFB!BVMBDG=A<!AO!GFB!J;@D>BJ!=<!GFB!

<ACGFWBJGT!GFBJB!GFCBB!M>LJGBCJ!@;D!JD;G=;>>:T!WFBCB!DCAV=@=G:!GA!Y<AW<!=E<BALJ!=<GCLJ=A<J!

?BMCB;JBJ!W=GF!?BMCB;J=<E!BK=?B<MB!AO!;>GBC;G=A<S!-FB!<ACGFWBJG!J;@D>BJT!WF=MF!WB!F;KB!

=?B<G=O=B?!;J!k*>LJGBC!_lT!JFAW!BK=?B<MB!AO!GFBC@;>!;>GBC;G=A<!9B:A<?!M>LJGBC!+T!JLEEBJG=<E!GF;G!

GF=J!ECALD=<E!AO!J;@D>BJ!=J!F=EF>:!@BG;@ACDFAJB?S!

N1(;.4.51+!>.-().4!.-!N*-/A.)7!F).+3''3'!

$<B!AO!GFB!EA;>J!AO!GF=J!JGL?:!W;J!GA!BK;>L;GB!GFB!DAGB<G=;>!MA<GCA>J!AO!>=GFA>AE:!;J!?C=KB<!

9:!MA<G;MG!@BG;@ACDF=J@!A<!C=KBC!@ACDFA>AE:S!*>LJGBCJ!WBCB!@;DDB?!A<!GAD!AO!GFB!C=KBC!

J=<LAJ=G:T!EC;?=B<GT!;<?!J>ADB!;<;>:J=J!GA!BK;>L;GB!JD;G=;>!MACCB>;G=A<J!9BGWBB<!GFB!?;G;JBGJ!

Q"=ELCB!HSHIRS!5B<BC;>>:T!GFB!';JG!#=KBC!JFAWB?!GFB!>AWBJG!C=KBC!J=<LAJ=G:!QxZS`R!=<!C=KBC!

JBE@B<GJ!<B;CBJG!*>LJGBC!NT!W=GF!@A?BC;GB!J=<LAJ=G:!K;>LBJ!QrZS`(HS`R!=<!C=KBC!JBE@B<GJ!<B;C!

*>LJGBC!*!Q"=ELCB!HSHI;RS!*>LJGBC!+!JFAWJ!C;<EBJ!=<!GFB!J=<LAJ=G:!JD;<<=<E!xZS`!GA!\SIT!

@=@=MY=<E!GFB!=<GBC<;>!?=JJ=@=>;C=G=BJ!JBB<!=<!*>LJGBC!+jJ!?;G;JBGJS!



]H!
!

!

"=ELCB!HSHIS!5BA@ACDFA>AE=M!@B;JLCB@B<GJ!AO!GFB!';JG!#=KBC1!)=<LAJ=G:!Q;RT!)>ADB!5C;?=B<G!Q9RT!
;<?!#;?=LJ!AO!*LCK;GLCB!QMR!W=GF!AKBC>;=<!M>LJGBCJ1!*>LJGBC!+!QD=<Y!JPL;CBJRT!*>LJGBC!N!QECBB<!
JG;CJRT!;<?!*>LJGBC!*!Q9>LB!M=CM>BJRS!

!

#=KBC!J>ADB!EC;?=B<G!<B;C!J;@D>BJ!WF=MF!OB>>!=<!*>LJGBCJ!+!;<?!*!JFAWB?!MA<J=JGB<G>:!

>AW!J>ADBJT!W=GF!@A?BC;GB!J>ADB!EC;?=B<GJ!<B;C!*>LJGBC!N!J;@D>BJ!Q"=ELCB!HSHI9RS!-FB!F=EFBJG!

J>ADB!EC;?=B<GJ!QuIS]R!;CB!MA<MB<GC;GB?!=<!GFB!<ACGFWBJGT!<B;C!GFB!J;@D>BJ!WF=MF!DCAK=?B?!

MA<O>=MG=<E!?;G;!OAC!M>LJGBC=<ES!,;CEBJG!C;?==!AO!MLCK;GLCB!QucI!@R!;CB!MA<MB<GC;GB?!<B;C!*>LJGBC!N!



]\!
!

J;@D>BJ!;<?!GFB!<ACGFWBJG!B<?!AO!GFB!W;GBCJFB?!A<MB!;E;=<S!#;?==!<B;C!*>LJGBC!+!?A!<AG!JFAW!

;<:!EB<BC;>!GCB<?!=<!J=XBT!9LG!*>LJGBC!*!J;@D>BJ!MA<MB<GC;GB!<B;C!@A?BC;GB!C;?==!Qr\I(cI!@RT!

BVMBDG!=<!GFB!<ACGFWBJGS!-FB!J@;>>BJG!C;?==!AO!MLCK;GLCB!Qx\I@R!;CB!=<GBCJDBCJB?!GFCALEFALG!GFB!

K;>>B:T!MA<<BMG=<E!JGCBGMFBJ!AO!C=KBC!GF;G!JFAW!>;CEB!C;?==!AO!MLCK;GLCBS%

#"O!>.-+40'1.-'!

-FB!?;G;!DCBJB<GB?!FBCB!JFAWJ!GF;G!GFBJB!J;@D>BJ!JG;G=JG=M;>>:!M>LJGBC!=<GA!GFCBB!ECALDJ!

Q+T!NT!;<?!*!(!W=GF!;<!=<GBCDCBGB?!OALCGF!kM>LJGBClT!?B<AGB?!;J!*>LJGBC!_RT!GF;G!;CB!DC=@;C=>:!

MA<GCA>>B?!9:!GFCBB!DC=<M=D;>!MA@DA<B<GJ!;J!?BGBC@=<B?!9:!GFB!&*+JS!-FB!O=CJG!DC=<M=D;>!

MA@DA<B<G!=J!?A@=<;GB?!9:!@=<BC;>AE:T!*'*T!;<?!M;C9A<!MA<MB<GC;G=A<JS!-FB!JBMA<?!DC=<M=D;>!

MA@DA<B<G!W;J!JGCA<E>:!?A@=<;GB?!9:!M>;:!@=<BC;>JT!-4T!))+T!&ACAJ=G:T!;<?!6*)S!-FBJB!GWA!

DC=<M=D;>!MA@DA<B<GJ!BVD>;=<!a^Sa}!AO!GFB!K;C=;<MB!W=GF=<!GFB!?;G;JBGJS!-FB!GF=C?!DC=<M=D;>!

MA@DA<B<G!W;J!?A@=<;GB?!9:!D:C=GBT!@;O=M!@=<BC;>JT!;<?!-$*!;<?!BVD>;=<J!;<!;??=G=A<;>!cSZ}!

AO!GFB!K;C=;<MB!W=GF=<!GFB!?;G;JBGJS!-FB!J;@D>BJ!=<!B;MF!JG;G=JG=M;>!M>LJGBC!;>JA!JD;G=;>>:!M>LJGBC!

W=GF=<!GFB!W;GBCJFB?T!G=B?!GA!GFB=C!DCAV=@=G:!GA!=E<BALJ!=<GCLJ=A<J!=<!GFB!K;>>B:S!

.B!F;KB!?BGBC@=<B?!GF;G!GFB!9BJG!=<?=M;G=A<!AO!@BG;@ACDF=J@!=<!GFB!W;GBCJFB?!=J!GFB!

DCBJB<MB!AO!;LE=GB!;JJAM=;GB?!W=GF!AKBC(@;GLCB?!ACE;<=M!M;C9A<JS!2G!=J!MC=G=M;>!GA!<AGBT!FAWBKBCT!

GF;G!K;C=;G=A<J!=<!GFB!?BGC=G;>!>=GFA>AE:!AO!GFB!%;<MAJ!)F;>B!?LB!GA!?BDAJ=G=A<;>!B<K=CA<@B<G!@;:!

>B;?!GA!>;MY!AO!M;C9A<;GB!@=<BC;>JT!WF=MF!=J!GFBC@A?:<;@=M;>>:!DCAF=9=G=KB!GA!GFB!OACW;C?!

CB;MG=A<!AO!?A>A@=GB!GA!D:CAVB<BS!2<!GFB!M;JB!AO!GF=J!M;C9A<;GB(?BD>BGB?!K;C=;G=A<!=<!>=GFA>AE:T!;!

JBMA<?;C:!=<?=M;GAC!QDAJJ=9>:!/2R!MAL>?!9B!LJB?!GA!?BGBC@=<B!>BKB>!AO!;>GBC;G=A<S!

);@D>BJ!GF;G!WBCB!=?B<G=O=B?!;J!GFBC@;>>:!;>GBCB?!=<!GFB!W;GBCJFB?!M>LJGBC!JG;G=JG=M;>>:!

GAEBGFBC!;<?!;CB!=<!M>AJBC!DCAV=@=G:!GA!GFB!C=KBC!JBE@B<GJ!GF;G!;CB!@ACB!MF;<<B>=XB?!;<?!F;KB!

F=EFBC!J>ADB!EC;?=B<GJ!;<?!C;?==!AO!MLCK;GLCBS!"CA@!GF=JT!WB!=<OBC!GF;G!CAMY!DCADBCG=BJ!?BKB>ADB?!



]]!
!

GFCALEF!GFBC@;>!;>GBC;G=A<!AO!MA<G;MG!@BG;@ACDF=J@!MA<GCA>J!MF;<<B>!@ACDFA>AE:!;<?!C=KBC!

?AW<MLGG=<ES!

! !



]`!
!

*/+&-'#!\!

!

4+4$ (!+40!%2*#$)*+,'!#')&$4)')!-$!*$4-+*-!%'-+%$#&/2)%!!

24!+!N'0#$*7!)/+,'!

!

9"$!%&'()*+(!

.B;GFBC=<E!DCAMBJJBJ!;CB!AOGB<!=<KBJG=E;GB?!;G!GFB!@;MCAJMAD=M!JM;>B!?LB!GA!GFB=C!?=CBMG!

=@D;MG!A<!W;GBCJFB?!<LGC=B<G!;<?!F:?CA>AE=M!M:M>=<ES!"L<?;@B<G;>!L<?BCJG;<?=<E!AO!O>L=?!

GC;<JDACG!;<?!MFB@=M;>!CB;MG=A<JT!FAWBKBCT!9BE=<J!;G!GFB!D;CG=M>B(O>L=?!=<GBCO;MBT!WF=MF!=J!

AOGB<G=@BJ!;G!J@;>>BC!JM;>BJ!GF;<!G:D=M;>!@BGFA?J!BVD>ACBS!,=<Y=<E!O=B>?(JM;>B!B;CGF!JLCO;MB!

DCAMBJJBJ!GA!@=MCAJM;>B!>=GFA>AE=M!DCADBCG=BJ!W=>>!;>>AW!OAC!GFB!CB?LMG=A<!AO!?=JMCBD;<M=BJ!JBB<!

9BGWBB<!O=B>?!KBCJLJ!>;9(9;JB?!WB;GFBC=<E!C;GBJS!/BCB!WB!;??CBJJ!DAJJ=9>B!MA<GC=9LG=A<J!GA!JM;>B(

?BDB<?B<G!WB;GFBC=<E!C;GBJ!9:!CBDACG=<E!;!?BG;=>B?!BVDBC=@B<G;>!=<KBJG=E;G=A<!AO!GFB!@=MCAJM;>B!

<BGWACY!AO!O>L=?!D;GFW;:J!WF=MF!?C=KB!WB;GFBC=<E!DCAMBJJBJ!;G!;!W;GBCJFB?!JM;>BS!!

2<!GF=J!JGL?:T!WB!LJB?!@L>G=D>B!@BGFA?J!GA!MF;C;MGBC=XB!GFB!<;<A(!;<?!@=MCAJMAD=M!DACB!

<BGWACY!JGCLMGLCB!AO!K;C=;9>:!MA<G;MG!@BG;@ACDFAJB?!%;<MAJ!)F;>B!=<!GFB!';JG!#=KBC!8;>>B:!

W;GBCJFB?!=<!AC?BC!GA!DCAK=?B!=<J=EFG!A<!FAW!MF;<EBJ!=<!GFBJB!9B?CAMY!OB;GLCBJ!;CB!CBO>BMGB?!A<!

GFB!@;MCAJMAD=M!JM;>B!W=GF=<!GFB!W;GBCJFB?S!4BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!;>>AW!OAC!K=JL;>!;<?!

PL;<G=G;G=KB!CBDCBJB<G;G=A<!AO!DACB!@ACDFA>AE:T!MA<<BMG=K=G:!AO!DACB!<BGWACYJT!;<?!MF;<EBJ!=<!

O>L=?!D;GFW;:J!9:!9B??=<E!D>;<B!AC=B<G;G=A<S!)D;G=;>!F=BC;CMF=M;>!M>LJGBC=<E!AO!J;@D>BJ!;MCAJJ!GFB!

';JG!#=KBC!8;>>B:!W;GBCJFB?!=J!MA<J=JGB<G!W=GF!GFB!F:DAGFBJ=J!GF;G!;J!GFBC@;>!;>GBC;G=A<!=<MCB;JBJT!

GAG;>!;<?!MA<<BMGB?!DACAJ=G:!;<?!JDBM=O=M!JLCO;MB!;CB;!?BMCB;JBS!-FBJB!?BMCB;JBJ!W=>>!;OOBMG!GFB!

C;GBJ!AO!MFB@=M;>!;<?!DF:J=M;>!WB;GFBC=<ET!;J!>AWBC!JLCO;MB!;CB;J!CB?LMB!DAGB<G=;>!OAC!MFB@=M;>!



]a!
!

CB;MG=K=G:!;<?!?=JMA<<BMGB?!DACB!<BGWACYJ!?BMCB;JB!GFB!C;GBJ!AO!O>L=?!=<O=>GC;G=A<S!#BJL>GJ!

DCBJB<GB?!FBCB!W=>>!MA<GC=9LGB!GA!GFB!=<MCB;JB?!;MMLC;M:!AO!WB;GFBC=<E!@A?B>J!W=GF=<!GFB!';JG!

#=KBC!8;>>B:!W;GBCJFB?!;<?!M;<!DCAK=?B!=<J=EFG!GA!DCB?=MG;9>B!MF;<EBJ!=<!GFB!@=MCAJGCLMGLCB!AO!

JF;>BJ!=<!J=@=>;C!@A<G;<B!W;GBCJFB?JS!

9"#!,-()./0+(1.-!

.B;GFBC=<E!DCAMBJJBJ!;CB!AOGB<!=<KBJG=E;GB?!;G!GFB!@;MCAJMAD=M!JM;>B!QBSES!JA=>!DCAO=>BJT!

@;JJ!GC;<JDACGT!?B<L?;G=A<R!?LB!GA!GFB=C!?=CBMG!=@D;MG!A<!W;GBCJFB?!<LGC=B<G!;<?!F:?CA>AE=M!

M:M>=<ES!"L<?;@B<G;>!L<?BCJG;<?=<E!AO!O>L=?!GC;<JDACG!;<?!MFB@=M;>!CB;MG=A<JT!FAWBKBCT!9BE=<J!

;G!GFB!D;CG=M>B(O>L=?!=<GBCO;MB!QNC;<G>B:T!HII\m!/;A!BG!;>ST!HIZbm!.=>>=;@JT!HII^m!/B>>@;<<!BG!;>ST!

HIZHm!'@@;<LB>!;<?!+ELBT!HIZZm!,BB!;<?!&;CJA<JT!Zcc`m!%A>=<J!BG!;>ST!HIZ]m!,BKB<JA<!;<?!

'@@;<LB>T!HIZ\RT!WF=MF!=J!AOGB<G=@BJ!;G!J@;>>BC!JM;>BJ!GF;<!G:D=M;>!@BGFA?J!BVD>ACBS!,=<Y=<E!

O=B>?(JM;>B!B;CGF!JLCO;MB!DCAMBJJBJ!GA!@=MCAJM;>B!>=GFA>AE=M!<BGWACYJ!=J!;<!;CB;!AO!CBJB;CMF!GF;G!

F;J!L<?BCEA<B!=<GB<JB!JGL?:!Q8B>9B>T!Zcc\m!%;FBC!BG!;>ST!HIIcm!%AACB!BG!;>ST!HIZHm!4;K;CCB(

)=GMF>BC!;<?!NC;<G>B:T!HII^m!,=!BG!;>ST!HIIbm!&;MFBMA!;<?!+>B<MA~AT!HIIam!%B=>B!;<?!-L<M;:T!

HIIaRS!0BGBC@=<=<E!GFB!MACCB>;G=A<!9BGWBB<!GFBJB!GWA!JM;>BJ!W=>>!;>>AW!OAC!GFB!CB?LMG=A<!AO!

?=JMCBD;<M=BJ!9BGWBB<!O=B>?!KBCJLJ!>;9(9;JB?!WB;GFBC=<E!C;GBJ!Q7L@D!BG!;>ST!HIIIm!)WA9A?;(

*A>9BCE!;<?!0CBKBCT!Zcc\m!%;>@JGCo@!BG!;>ST!HIIIm!N;<W;CG!BG!;>ST!HII]m!0CBKBC!BG!;>ST!Zcc]m!,;=!

BG!;>ST!HIZ`m!.F=GB!;<?!NC;<G>B:T!HII\m!)GBBOB>!BG!;>ST!HIZ`RS!!

6<?BCJG;<?=<E!GFB!9BF;K=AC!AO!;!O=B>?(JM;>B!OL<MG=A<;>!L<=G!J:JGB@T!JLMF!;J!;!W;GBCJFB?T!

=<!;??=G=A<!GA!GFB!@=MCAJM;>B!9BF;K=AC!AO!MA@DA<B<GJ!W=GF=<!GFB!W;GBCJFB?!=J!BJJB<G=;>!=<!

?BKB>AD=<E!9BGGBC!MACCB>;G=A<J!;<?!LDJM;>=<E!WB;GFBC=<E!DCAMBJJBJ!Q/L99;C?!BG!;>ST!HIZbm!,=!BG!

;>ST!HIIam!,=!BG!;>ST!HII^m!#;AAO!BG!;>ST!HIZIm!0B<E!BG!;>ST!HIZbm!,=L!BG!;>ST!HIZ`m!RS!&CAK=?=<E!

?BG;=>B?!;<;>:JBJ!A<!9AGF!O=B>?!;<?!@=MCA(JM;>B!J:JGB@J!CBPL=CBJ!;<!=<GBEC;G=KB!;DDCA;MF!GA!



]^!
!

D;C;@BGBC=X=<E!CAMY!DCADBCG=BJ!;<?!GFB=C!=<GC=<J=M!9BF;K=ACJ!Q%A>=<J!BG!;>ST!HIZHRS!/BCB!WB!

;??CBJJ!DAJJ=9>B!MA<GC=9LG=A<J!GA!JM;>B(?BDB<?B<G!WB;GFBC=<E!C;GBJ!9:!CBDACG=<E!;!?BG;=>B?!

BVDBC=@B<G;>!=<KBJG=E;G=A<!AO!GFB!@=MCAJM;>B!<BGWACY!AO!O>L=?!D;GFW;:J!WF=MF!?C=KB!WB;GFBC=<E!

DCAMBJJBJ!;G!;!W;GBCJFB?!JM;>BS!-F=J!JGL?:!BK;>L;GBJ!EBA>AE=M;>>:!G=B?!K;C=;G=A<J!=<!<;<A(!;<?!

@=MCADACALJ!J:JGB@J!W=GF=<!GFB!MA<GBVG!AO!JD;G=;>>:!;KBC;EB?!CAMY!DCADBCG=BJ!=<!;!@AL<G;=<(

FB;?W;GBCJT!JF;>B(FAJGB?!W;GBCJFB?!W=GF!;!JD;G=;>>:!K;C:=<E!AKBCDC=<G!AO!MA<G;MG!@BG;@ACDF=J@!

=<!JALGFWBJGBC<!*A>AC;?AT!6)+S!-FBC@;>!;>GBC;G=A<!GF;G!CBJL>GJ!OCA@!MA<G;MG!@BG;@ACDF=J@!AO!

JF;>B!9B?CAMYT!;J!JBB<!=<!GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?!<B;C!*CBJGB?!NLGGBT!*A>AC;?AT!M;<!

MA<GCA>!@;<:!AO!GFB!CBJ=JG=K=G:T!O>AW!;<?!M;D=>>;C:(DCBJJLCB!MF;C;MGBC=JG=MJ!AO!GFB!CAMY!Q%L>>BC!

;<?!%M*;L>B:T!ZccHm!#AGFBC!BG!;>ST!HII^m!+<AK=GX!BG!;>ST!HIIcRT!;<?!=<!AC?BC!GA!OL>>:!L<?BCJG;<?!

O>L=?!@AKB@B<G!=<!GFB!JL9JLCO;MB!AO!GF=J!JM=B<G=O=M;>>:!J=E<=O=M;<G!W;GBCJFB?T!MF;C;MGBC=X;G=A<!AO!

GFB!@=MCAJGCLMGLCB!;MCAJJ!GFB!@BG;@ACDF=M!EC;?=B<G!=J!MC=G=M;>S!!!

2<!GF=J!JGL?:T!WB!LJB?!@L>G=D>B!@BGFA?JT!=<M>L?=<E!DBGCAEC;DF:T!JM;<<=<E!B>BMGCA<!

@=MCAJMAD:T!<BLGCA<!JM;GGBC=<ET!;<?!E;J!;?JACDG=A<T!GA!MF;C;MGBC=XB!GFB!<;<A(!;<?!@=MCAJMAD=M!

DACB!<BGWACY!JGCLMGLCB!AO!K;C=;9>:!MA<G;MG!@BG;@ACDFAJB?!%;<MAJ!)F;>B!=<!GFB!';JG!#=KBC!

8;>>B:!W;GBCJFB?!=<!AC?BC!GA!DCAK=?B!=<J=EFG!A<!FAW!MF;<EBJ!=<!GFBJB!9B?CAMY!OB;GLCBJ!;CB!

CBO>BMGB?!A<!GFB!@;MCAJMAD=M!JM;>B!W=GF=<!GFB!W;GBCJFB?S!-FBJB!>=<Y;EBJ!;>>AW!LJ!GA!9BGGBC!@A?B>!

O>L=?!GC;<JDACG!;<?!OL<?;@B<G;>!CB;MG=A<!C;GBJ!AO!GFB!W;GBCJFB?!J:JGB@S!

9"9!:3(;./.4.5<!

)BKBC;>!@BGFA?J!WBCB!LJB?!=<!GF=J!JGL?:!GA!?BGBC@=<B!DACB!<BGWACY!;CMF=GBMGLCB!A<!GFB!

@=MCAJMAD=M!JM;>BS!2@;E=<E!AO!GFB!DACB(JM;>B!;<?!;JJAM=;GB?!EC;=<!;JJB@9>;EB!DCAK=?B?!

PL;>=G;G=KB!;JJBJJ@B<GJ!AO!JGCLMGLCBT!WF=>B!PL;<G=G;G=KB!@B;JLCB@B<GJ!JLMF!;J!DACAJ=G:!;<?!



]b!
!

JDBM=O=M!JLCO;MB!;CB;!;>>AWB?!OAC!<L@BC=M;>!MA@D;C=JA<J!9BGWBB<!J;@D>BJ!;<?!;MCAJJ!GFB!

W;GBCJFB?S!!

/=BC;CMF=M;>!M>LJGBC=<E!W;J!DCBK=ALJ>:!DBCOAC@B?!A<!J;@D>BJ!=<M>L?B?!=<!GF=J!JGL?:!=<!

AC?BC!GA!?BGBC@=<B!JD;G=;>!MACCB>;G=A<!AO!=<GC=<J=M!CAMY!DCADBCG=BJ!AO!';JG!#=KBC!8;>>B:!J;@D>BJ!

;<?!DCAV=@=G:!GA!=E<BALJ!=<GCLJ=A<J!=<!GFB!W;GBCJFB?!QCBOBC!GA!*F;DGBC!HRS!-FALEF!GFCBB!M>LJGBCJ!

WBCB!=?B<G=O=B?!Q+T!NT!;<?!*RT!=G!W;J!?BGBC@=<B?!GF;G!GFBCB!W;J!>=YB>:!;!OALCGF!M>LJGBC!Q_R!GF;G!

W;J!L<;MMAL<GB?!OAC!WF=MF!CBDCBJB<GB?!GFB!@AJG!F=EF>:!MA<G;MG!@BG;@ACDFAJB?!J;@D>BJS!

'K=?B<MB!JLEEBJGJ!GF;G!GFBJB!J;@D>BJ!WBCB!@=JM>LJGBCB?!?LB!GA!GFB=C!DC=@;C:!?BDAJ=G=A<;>!

@=<BC;>AE:!;<?!;CB!>=YB>:!CBDCBJB<G;G=KB!AO!9AGF!;!JF=OG!=<!JGC;G=EC;DF:!W=GF=<!GFB!%;<MAJ!)F;>B!

"AC@;G=A<!;<?!F=EF!>BKB>!AO!GFBC@;>!;>GBC;G=A<!?LB!GA!>AM;>=XB?!GB@DBC;GLCB!=<MCB;JBJS!);@D>BJ!

=<M>L?B?!=<!GF=J!JGL?:!9B>=BKB?!GA!9B!@=JM>LJGBCB?T!CB<;@B?!*>LJGBC!_T!=<M>L?B1!'#%(IHIT!(I\bT!(

I\cT!(IbcT!;<?!(IcbT!;<?!D>AG!@ACB!M>AJB>:!GA!*>LJGBC!+T!GFB!@AJG!GFBC@;>>:!;>GBCB?!J;@D>BJS!

);@D>BJ!GFCALEFALG!GF=J!JGL?:!;CB!?BJMC=9B?!W=GF=<!GFB!MA<GBVG!AO!GFBJB!OALC!M>LJGBCJS!

F3().5)*8;<!

-WB<G:!GF=<!JBMG=A<J!OCA@!ALGMCADJ!;MCAJJ!GFB!JGL?:!;CB;!WBCB!?BJMC=9B?!;<?!=<GBCDCBGB?S!

-F=<!JBMG=A<J!WBCB!DCBD;CB?!LJ=<E!JG;<?;C?!GBMF<=PLBJ!;G!*A>AC;?A!)MFAA>!AO!%=<BJS!

&BGCAEC;DF=M!;<;>:JBJ!WBCB!DBCOAC@B?!W=GF!GC;<J@=GGB?!;<?!CBO>BMGB?!>=EFG!A<!;!3B=JJ!+V=AJMADB!

`!W=GF!;<!+V=AM;@!HIb!*A>AC!M;@BC;S!

*;C9A<;GBJ!WBCB!?BJMC=9B?!LJ=<E!GFB!0L<F;@!QZcaHR!M>;JJ=O=M;G=A<JS!0BJMC=DG=KB!

@A?=O=BCJ!;CB!;??B?!OAC!EC;=<(G:DBJT!JB?=@B<G;C:!JGCLMGLCBJT!?=;EB<BG=M!AKBCDC=<GJT!;<?!AGFBC!

GBVGLC;>!A9JBCK;G=A<JS!&;MYJGA<BJ!;CB!?BJMC=9B?!;J!@L?!?A@=<;GB?!AC!EC;=<!?A@=<;GB?T!9;JB?!A<!

GFB!;9JB<MB!AC!DCBJB<MB!AO!=<GBCEC;<L>;C!MB@B<GJ!;<?!DACAJ=G:!Q,LM=;T!Zcc`RS!)=>=M=M>;JG=MJ!;CB!

M>;JJ=O=B?!9:!EC;=<!J=XB!;<?!E=KB<!?BJMC=DG=KB!@A?=O=BCJ!9;JB?!A<!EC;=<!;JJB@9>;EBJT!MA>ACT!



]c!
!

JB?=@B<G;C:!JGCLMGLCBJT!;<?!;LGF=EB<=M!MA@DA<B<GJS!$CE;<=M!@;GGBC!C=MF!@L?CAMYJ!;CB!M>;JJ=O=B?!

9:!GFB=C!EC;=<!J=XB!QM>;:JGA<BT!AC!J=>GJGA<BRT!AC!;J!W;MYBJGA<BJ!=O!GFB:!F;KB!DB>A=?;>!O;9C=MJT!;<?!

E=KB<!?BJMC=DG=KB!@A?=O=BCJS!!

=+*--1-5!?43+().-!:1+).'+.8<!P=?:Q!

)M;<<=<E!'>BMG=A<!%=MCAJMAD:!Q)'%R!=@;E=<E!W;J!DBCOAC@B?!GA!MF;C;MGBC=XB!

MA@DA<B<GJT!DACBJT!;<?!DBGCAEB<BJ=J!A<!GFCBB!GF=<!JBMG=A<J!;<?!WBCB!=@;EB?!W=GF!;!-')*+4!

%2#+\!,%/!O=B>?!B@=JJ=A<(JM;<<=<E!B>BMGCA<!@=MCAJMADB!LG=>=X=<E!9;MY(JM;GGBCB?!B>BMGCA<!

QN)'RT!JBMA<?;C:!B>BMGCA<!Q)'RT!;<?!B<BCE:(?=JDBCJ=KB!_(C;:!JDBMGCAJMAD:!Q'0)R!?BGBMGACJS!

2@;EBJ!WBCB!;MPL=CB?!;G!;MMB>BC;G=<E!KA>G;EBJ!AO!Z`!Y8!;<?!;G!9B;@!=<GB<J=G=BJ!AO!a!;<?!^S!

.ACY=<E!?=JG;<MBJ!C;<EB?!OCA@!`!GA!ZI!@@S!+!GF=<!MA<?LMG=KB!M;C9A<!MA;G=<E!W;J!;DD>=B?!GA!

GFCBB!GF=<!JBMG=A<J!;<?!GFCBB!9CAYB<!JLCO;MB!J;@D>BJ!GA!CB?LMB!MF;CE=<E!;<?!=<MCB;JB!)'%!=@;EB!

PL;>=G:S!

=0)A*+3!%)3*!:3*'0)373-('!PR?6!:3(;./Q!

-A!;<;>:XB!OAC!JDBM=O=M!JLCO;MB!;CB;T!HH!WFA>B!CAMY!J;@D>BJ!WBCB!F;<?(MCLJFB?!GA!x]I!

@BJF!DAW?BC!JA!;J!<AG!GA!=<?LMB!A9>=PLB!DCBJJLCB!;<?!=<MCB;JB?!JLCO;MB!;CB;!Q7L=>;!;<?!&C;J;?T!

HIZ\;T9RS!-FBJB!DAW?BCJ!WBCB!GFB<!;<;>:XB?!W=GF!GFB!NCL<;LBC('@@BGG(-B>>BC!QN'-R!<=GCAEB<!

E;J(;?JACDG=A<!@BGFA?!QNCL<;LBC!BG!;>ST!Zc\bR!A<!GWA!?=OOBCB<G!%=MCA@BC=G=MJ!=<JGCL@B<GJ1!;<!

+)+&!HIHI!;<?!;!5B@=<=!822!H\cIS!)DBM=O=M!JLCO;MB!;CB;!W;J!@A?B>B?!OCA@!GFB!;9JACDG=A<!?;G;!

LJ=<E!GFB!Ni/!@BGFA?!=<!GFB!%=MCA@BC=G=MJ!JAOGW;CBS!

H30().-!=+*((3)1-5!

)@;>>!;<E>B!Q)+4)R!;<?!L>GC;(J@;>>!;<E>B!<BLGCA<!JM;GGBC=<E!Q6)+4)R!WBCB!DBCOAC@B?!

A<!\H!J;@D>BJ!GA!MF;C;MGBC=XB!DACB(J=XB!?=JGC=9LG=A<!;<?!DACB!MA<<BMG=K=G:!OCA@!GFB!<;<A@BGBC!GA!

@=MCA@BGBC!JM;>B!Q+<AK=GX!;<?!*A>BT!HIZ`m!5L!;<?!%=>?<BCT!HIZbm!%=>?<BC!BG!;>ST!Zcba;m!/;>>!BG!



`I!
!

;>ST!Zcbam!#;?>=<JY=!BG!;>ST!HIIIRS!+J!<BLGCA<J!OCA@!GFB!=<M=?B<G!9B;@!D;JJ!GFCALEF!J;@D>B!MB>>JT!

GFB!<BLGCA<J!JM;GGBC!OCA@!=<GBC;MG=A<J!;G!GFB!;GA@=M!JM;>BS!-FBJB!=<GBC;MG=A<J!=<M>L?B!MFB@=M;>!

;<?!?B<J=G:!K;C=;G=A<J!GF;G!JM;GGBC!GFB!9B;@!;G!;<E>BJ!OCA@!GFB!=<M=?B<G!;<E>BT!WF=MF!;CB!?BO=<B?!

9:!GFB!J=XB!AO!K;C=;G=A<J!;<?!=<GB<J=G=BJ!DCADACG=A<;>!GA!GFB!<L@9BC!AO!K;C=;G=A<J!AO!;!E=KB<!J=XB!

;<?!JM;GGBC=<E!>B<EGF!?B<J=G:!Q),0R!MA<GC;JG!AO!GFB!K;C=;G=A<JS!2<!CAMYJT!@=<BC;>J!F;KB!KBC:!

J=@=>;C!),0!K;>LBJ!Qr\!s!`!VZI,-%• ,#R!WFB<!MA@D;CB?!GA!GFB!MA<GC;JG!9BGWBB<!@=<BC;>J!;<?!DACBJ!

WFBCB!),0!=J!XBCAm!GFLJT!CAMYJ!M;<!9B!;DDCAV=@;GB?!;J!;!GWA(DF;JB!@;GBC=;>!W=GF!GFAJB!DF;JBJ!

9B=<E!@=<BC;>J!;<?!DACBJ!Q7;F>B!BG!;>ST!HII]m!#;?>=<JY=!BG!;>ST!HIIam!+<AK=GX!BG!;>ST!HIIcRS!

4BLGCA<!JM;GGBC=<E!?;G;!M;<!9B!=<GBCDCBGB?!GA!PL;<G=O:!GFB!;CMF=GBMGLCB!AO!DACB!<BGWACYJ!=<!CAMY!

J;@D>BJ!;J!>B<EGF!JM;>BJ!OCA@!Z!<@!GA!r\I!€@!Q=SBS!4;K;CCB()=GMF>BC!BG!;>ST!HIZ\m!5L!BG!;>ST!HIZ`m!

*>;CYJA<!BG!;>ST!HIZ\m!N;F;?LC!BG!;>ST!HIZ]m!/;>>!BG!;>ST!Zcb\m!7=<E!BG!;>ST!HIZ`m!#LDDBCG!BG!;>ST!

HIZ\m!N;F;?LC!BG!;>ST!HIZ`RS!)G;G=JG=M;>!@A?B>J!AO!JM;GGBC=<E!OCA@!OC;MG;>!;<?!DA>:?=JDBCJB!F;C?(

JDFBCB!J:JGB@J!;CB!LJB?!GA!M;>ML>;GB!DACB!KA>L@BT!JLCO;MB!;CB;!;<?!CALEF<BJJT!;<?!DACB!J=XB!

?=JGC=9LG=A<!Q#;?>=<JY=T!HIIaRS!!

);@D>BJ!AO!%;<MAJ!)F;>B!WBCB!MLG!;<?!DA>=JFB?!=<GA!Z`I!€@!GF=MY!JBMG=A<J!;<?!BDAV=B?!

A<GA!PL;CGX!J>=?BJ!;MMAC?=<E!GA!+<AK=GX!BG!;>ST!QHIIcR!;<?!i=<!BG!;>S!QHIZZR!=<!AC?BC!GA!DCBKB<G!

@L>G=D>B!JM;GGBC=<ES!!);@D>BJ!WBCB!DCBD;CB?!OCA@!Hc!CAMY!J;@D>BJT!W=GF!GFCBB!J;@D>BJ!DCBD;CB?!

OAC!;<;>:J=J!9AGF!D;C;>>B>!;<?!DBCDB<?=ML>;C!GA!9B??=<E!Q'#%(IZbT!Ia^T!I^HR!OAC!;!GAG;>!AO!\H!

JBD;C;GB!JBMG=A<J!OAC!JG;<?;C?!)+4)!;<?!6)+4)!;<;>:JBJS!"AC!GFB!GFCBB!J;@D>BJ!W=GF!GWA!

AC=B<G;G=A<J!GA!9B??=<ET!;<;>:JBJ!MA>>BMGB?!W=GF!GFB!<BLGCA<!9B;@!;>=E<B?!D;C;>>B>!GA!GFB!9B??=<E!

D>;<BJ!;CB!?B<AGB?!;J!(&ZS!.FBCB!GFB!<BLGCA<!9B;@!;>=E<B?!DBCDB<?=ML>;C!GA!9B??=<ET!;<;>:JBJ!

;CB!?B<AGB?!W=GF!(&HS!!!



`Z!
!

"=OGBB<!AO!GFB!\H!J;@D>BJ!L<?BCWB<G!;!JBMA<?!BVDBC=@B<GT!WFBCB!GFB:!WBCB!J;GLC;GB?!

W=GF!MA<GC;JG!@;GMFB?!O>L=?J!;<?!CB(;<;>:XB?!A<!9AGF!)+4)!;<?!6)+4)S!.FB<!?;G;!;CB!

MA>>BMGB?!OCA@!?C:!;<?!MA<GC;JG!@;GMFB?!BVDBC=@B<GJT!GFB!MA<GC;JG!9BGWBB<!GFB!JM;GGBC=<E!DCAO=>BJ!

DCAK=?BJ!=<OAC@;G=A<!;9ALG!DACB!MA<<BMG=K=G:!Q%=>?<BC!BG!;>ST!Zcbam!#;?>=<JY=T!HIIam!

N;X=>BKJY;:;!BG!;>ST!HIZ\m!+<AK=GX!;<?!*A>BT!HIZ`RS!);@D>B!MB>>J!OAC!MA<GC;JG!@;GMF=<E!;<;>:JBJ!

WBCB!?BKB>ADB?!GA!DCAK=?B!;<!B<M>AJB?!M;K=G:!OAC!MA<GC;JG!@;GMF=<E!O>L=?!Q"=ELCB!\SZRS!$LC!

BVDBC=@B<GJ!=<M>L?B?!O>L=?J!W=GF!;!acS`h\IS`}!0#$h/ #$!Q),0{]SH`VZI ,- • ,#R!MA@DAJ=G=A<S!

)=<MB!<BLGCA<J!JBB!GF=J!=JAGAD=M!K;C=;G=A<!?=OOBCB<G>:T!;J!GFB!9B;@!D;JJBJ!GFCALEF!GFB!J;@D>BT!WB!

M;<!M;>=9C;GB!;!@=VGLCB!>BKBC;E=<E!GFB!FB;K=BC!?B<J=G:!AO!GFB!0#$!Q;J!ADDAJB?!GA!GFB!/#$R!GA!

@;GMF!GFB!),0!AO!GFB!J;@D>BS!);@D>BJ!WBCB!BPL=>=9C;GB?!W=GF!GF=J!O>L=?!OAC!uH]!F!;<?!CB;<;>:XB?!

LJ=<E!GFB!=<JGCL@B<G!D;C;@BGBCJ!DCBK=ALJ>:!@B<G=A<B?S!-F=J!BVDBC=@B<G!W;J!?A<B!=<!AC?BC!GA!

=<O=>GC;GB!MA<<BMGB?!DACB!<BGWACYJ!W=GF!GFB!JA>LG=A<T!L>G=@;GB>:!@;JY=<E!MA<<BMGB?!DACB!JD;MB!

;<?!;>>AW=<E!GFB!CB@;=<=<E!L<MA<<BMGB?!DACBJ!GA!GC;<J@=G!GFB!9B;@!L<A9JGCLMGB?!Q"=ELCB!\SHRS!

*A@D;C=<E!;!J;@D>B!W=GF!;<?!W=GFALG!GFB!MA<GC;JG!@;GMF=<E!O>L=?!DCAK=?BJ!;!@BGFA?!GA!JBD;C;GB!

BOOBMG=KB!QMA<<BMGB?R!DACAJ=G:!OCA@!GAG;>!DACAJ=G:S!!

!

"=ELCB!\SZS!)MFB@;G=M!J;@D>B!MB>>!LJB?!GA!MA<G;=<!MA<GC;JG!@;GMF=<E!O>L=?S!

4.23 mm

1 mm

150 µm (thick)

50.8 mm

25
.4

 m
m



`H!
!

!

"=ELCB!\SHS!)MFB@;G=M!=@;EB!AO!MA<GC;JG!@;GMF=<E!BVDBC=@B<GJS!
!

)@;>>!;<E>B!<BLGCA<!JM;GGBC=<E!Q)+4)R!

)+4)!@B;JLCB@B<GJ!WBCB!MA<?LMGB?!A<!GFB!45N!\I@!JDBMGCA@BGBC!;G!GFB!4;G=A<;>!

2<JG=GLGB!AO!)G;<?;C?J!;<?!-BMF<A>AE:jJ!*B<GBC!OAC!4BLGCA<!#BJB;CMF!Q4*4#R!Q5;=GFBCJ9LCET!

%0T!6)+R!Q"=ELCB!\S\RS!';MF!J;@D>B!MB>>!W;J!@AL<GB?!A<!;!M;?@=L@!D>;GB!W=GF!;!•!=<MF!

;DBCGLCB!@;JY!OAC!GFB!=<M=?B<G!9B;@S!-FB!<BLGCA<!W;KB>B<EGF!Q‚R!W;J!JBG!GA!bS]!•S!)M;GGBC=<E!

=<GB<J=G:!Q2R!QM@.! R!W;J!@B;JLCB?!;G!J;@D>B(GA(?BGBMGAC!?=JG;<MBJ!AO!ZS\\T!]SIT!;<?!Z\SZ!@S!-FB!

C;<EB!OAC!@B;JLCB?!DACB!J=XBJ!A<!GFB!)+4)!=J!rZ!s!^II!<@!Qg(K;>LBJ1!ISIZ!<@,! !GA!bS`!<@,! RS!

!
!
!
!

Rock Sample Open Pore Space D!O/H!O Connected Pore Space

Air Cell

Contrast Matched Cell

(actual) (what the neutron beam sees)



`\!
!

!

"=ELCB!\S\S!)+4)!<BLGCA<!JM;GGBC=<E!BVDBC=@B<G!JMFB@;G=M!Q@A?=O=B?!OCA@!GFB!45N!\I@!)+4)!
=<JGCL@B<G!JMFB@;G=M!;G!GFB!42)-!*B<GBC!OAC!4BLGCA<!#BJB;CMFRS!
!

6>GC;(J@;>>!;<E>B!<BLGCA<!JM;GGBC=<E!Q6)+4)R!

6)+4)!?;G;!WBCB!MA>>BMGB?!A<!GFB!N-`!6)+4)!=<JGCL@B<G!;G!GFB!*B<GBC!OAC!/=EF!

#BJA>LG=A<!4BLGCA<!)M;GGBC=<E!Q*/#4)RT!;!<;G=A<;>!LJBC!O;M=>=G:!eA=<G>:!OL<?B?!9:!4*4#!;<?!

4)"!Q"=ELCB!\S]RS!);@D>B!MB>>J!WBCB!D>;MB?!A<!;!O=KB(J>AG!E;?A>=<=L@!J;@D>B!FA>?BC!W=GF!;!•!

=<MF!@;JY!D>;GBS!0;G;!WBCB!MACCBMGB?!OAC!9;MYECAL<?!;<?!GFB!<AC@;>=XB?!6)+4)!?;G;!WBCB!

?BJ@B;CB?!;<?!@BCEB?!W=GF!GFB!)+4)!?;G;!;MMAC?=<E!GA!*/#4)!DCAGAMA>!Q7>=<BT!HIIaRS!-FB!

C;<EB!OAC!@B;JLCB?!DACB!J=XBJ!A<!GFB!6)+4)!=J!rISZ!s!HI!€@!Qg(K;>LBJ1!ISIII\!<@,! !GA!ISZ!<@,

! RS!-FB!AKBC>;D!=<!g(K;>LBJ!9BGWBB<!)+4)!;<?!6)+4)!;>>AWB?!OAC!=<GBEC;G=A<!?;G;JBGJ!=<GA!;!

J=<E>B!MLCKB!;OGBC!MACCBMG=A<J!WBCB!@;?BS!



`]!
!

!

"=ELCB!\S]S!6)+4)!<BLGCA<!JM;GGBC=<E!BVDBC=@B<G!JMFB@;G=M!Q@A?=O=B?!OCA@!GFB!N-`!6)+4)!
=<JGCL@B<G!JMFB@;G=M!;G!GFB!*/#4)RS!

!

!
4BLGCA<!JM;GGBC=<E!?;G;!;<;>:JBJ!

#;W!?;G;!WBCB!DCAMBJJB?!;MMAC?=<E!GA!JG;<?;C?!@BGFA?J1!B@DG:!MB>>!MACCBMG=A<T!

9;MYECAL<?!JM;GGBC=<E!MACCBMG=A<T!GC;<J@=JJ=A<!MACCBMG=A<T!;<?!<AC@;>=X;G=A<!GA!;9JA>LGB!

=<GB<J=G=BJ!Q7>=<BT!HIIaRS!25$#!&CA!b!JAOGW;CB!W;J!LJB?!GA!=<GBEC;GB!AKBC>;DD=<E!g(K;>LB!?;G;!

;<?!B>=@=<;GB!=<MAFBCB<G!JM;GGBC=<E!MA>>BMGB?!OCA@!9AGF!)+4)!;<?!6)+4)!BVDBC=@B<GJS!-FB!

L>G=@;GB!MLCKB!?BGBC@=<B?!;OGBC!GFBJB!MACCBMG=A<J!DCAK=?BJ!=<OAC@;G=A<!CBE;C?=<E!GFB!DACB(

<BGWACY!;CMF=GBMGLCB!;J!;!OL<MG=A<!AO!JM;GGBC=<E!=<GB<J=G:!OCA@!@=<BC;>hDACB!=<GBCO;MBJS!';MF!

@=<BC;>!QJDBM=O=B?!9:!MFB@=M;>!OAC@L>;R!F;J!;<!=<GC=<J=M!),0!WF=MF!OA>>AWJ!GFB!BPL;G=A<1!

!23 " #
= >!&

'
&) *

?#
!! ! ! ! ! Q\SZR!

WFBCB!2#$!=J!GFB!9AL<?!MAFBCB<G!JM;GGBC=<E!>B<EGF!AO!/GF!AO!3!;GA@J!=<!;!@A>BML>B!W=GF!@A>BML>;C!

KA>L@B!4%!Q)B;CJT!ZccHm!%;:!BG!;>ST!ZcbHm!5>=<Y;T!HIZZR!Q-;9>B!\SZRS!

*BCG;=<!;JJL@DG=A<JT!JLMF!;J!B<?(@B@9BC!OAC@L>;J!;<?!ECALD=<E!AO!@=<BC;>J!W=GF=<!

@;eAC!@=<BC;>!ECALDJT!WBCB!@;?B!GA!J=@D>=O:!@=<BC;>!OAC@L>;J!?LC=<E!M;>ML>;G=A<JS!'@D=C=M;>!

MFB@=M;>!OAC@L>;J!;<?!?B<J=G:!?;G;!WBCB!CBGC=BKB?!OCA@!WB9@=<BC;>SMA@S!)M;GGBC=<E!>B<EGF!

Collimator

Premonochromator
PG (002)

Si (220)
Si (220)

Monochromator

Analyzer

Detector

S



``!
!

?B<J=G=BJ!WBCB!?BC=KB?!OAC!GFB!OA>>AW=<E!@=<BC;>J!;<?!MCAJJ(CBOBCB<MB?!W=GF!GFB!A<>=<B!4*4#!

),0!M;>ML>;GAC1!PL;CGXT!D>;E=AM>;JBT!ACGFAM>;JBT!M;>M=GBT!?A>A@=GBT!MF>AC=GBT!;LE=GBT!@LJMAK=GBT!

9=AG=GBT!Y;A>=<=GBT!=>>=GBT!D:C=GBT!;<?!ACE;<=M!@;GGBC!Q-;9>B!\SHRS!!

+<!),0!W;J!M;>ML>;GB?!OAC!B;MF!J;@D>B!9;JB?!A<!GFB!CB>;G=KB!KA>L@B!DBCMB<G;EBJ!AO!

?=OOBCB<G!@=<BC;>JT!?BGBC@=<B?!OCA@!WB=EFG!DBCMB<G;EBJ!AO!@=<BC;>J!OCA@!V(C;:!?=OOC;MG=A<!

Q_#0R!?;G;!DCBK=ALJ>:!CBDACGB?!Q+DDB<?=V!*RS!),0!K;>LBJ!OAC!GFB!J;@D>BJ!DCBJB<GB?!FBCB!C;<EB!

OCA@!\SZb!s!]S^^VZI,- !• ,#S!2<!GFB!;JJL@B?!GWA!DF;JB!J:JGB@T!OC;MG;>!JM;>=<E!>;WJ!M;<!9B!LJB?!GA!

=<GBCDCBG!DACB!<BGWACY!EBA@BGC:!=<!CAMY!<BLGCA<!JM;GGBC=<E!?;G;!GF;G!?=JD>;:J!;!DAWBC(>;W!

CB>;G=A<JF=D!9BGWBB<!2QgR!QJM;GGBC=<E!=<GB<J=G:T!M@,! R!;<?!g!QJM;GGBC=<E!KBMGACT!•,! R!W=GF!;<!

BVDA<B<G!AO!(]!GA!(H!AKBC!;<!AC?BC!AO!@;E<=GL?B!AO!gS!%A?B>=<E!GFBJB!DACB!<BGWACYJ!;J!

;DDCAV=@;GB>:!JDFBC=M;>!JF;DBJ!;>>AWJ!OAC!M;>ML>;G=A<J!AO!DACB!J=XB!;<?!JLCO;MB!;CB;!?=JGC=9LG=A<J!

LJ=<E!GFB!2#'4+!@;MCAJ!W=GF=<!GFB!25$#!&CA!b!JAOGW;CB!Q7>=<BT!HIIam!2>;KJY:!;<?!iB@=;<T!

HIIcRS!6J=<E!;!-AG;>!4A<(4BE;G=KB!,B;JG!)PL;CBJ!@A?B>!=<!GFB!JAOGW;CBT!WB!;CB!;9>B!GA!BK;>L;GB!

J=XB!?=JGC=9LG=A<!OCA@!;!D;CG=M>BhDACB!KA>L@B!DCA9;9=>=G:!?=JGC=9LG=A<!OL<MG=A<!Q2>;KJY:!;<?!

iB@=;<T!HIIcm!2#'4+!)AOGW;CBRS!.B!BK;>L;GB?!B;MF!J;@D>B!OCA@!\I!GA!HIITIII!•!DACB!

?=;@BGBCT!W=GF!ZII!D;CG=M>BhDACB!J=XB!9=<JT!;<?!;!ISIZ^a!O>;G!9;MYECAL<?!Q+<AK=GX!;<?!*A>BT!

HIZ`RS!2<DLGJ!OAC!GFB!@A?B>!K;C=B?!9:!J;@D>B!;<?!=<M>L?B?!J>ADBJ!M;>ML>;GB?!OCA@!GFB!>AW(g!

K;>LB!5L=<=BC!;DDCAV=@;G=A<!AO!GFB!2QgR!K!g!?;G;!Q-B=VB=C;!;<?!NB>>=JJB<G("L<B>T!ZcccR!;<?!

JM;GGBC=<E!>B<EGF!?B<J=G:!MA<GC;JG!Q),0#RT!;J!! !



`a!
!

-;9>B!\SZS!'>B@B<G;>!DCADBCG=BJ!LJB?!=<!),0!M;>ML>;G=A<JS!
!

!

!

-;9>B!\SHS!%=<BC;>!OAC@L>;!;<?!?B<J=G:!K;>LBJ!QG;YB<!OCA@!WB9@=<BC;>SMA@R!LJB?!GA!M;>ML>;GB!
@=<BC;>!),0!K;>LBJS!$CE;<=M!@;GGBC!K;>LBJ!;<?!B@D=C=M;>!OAC@L>;!OCA@!)L<!BG!;>ST!HIZbS!
!

!

!

?BJMC=9B?!;9AKBS!&ACA?!D>AGJ!Q>AE!2QgRzg/ !KBCJLJ!>AE!gR!WBCB!?BKB>ADB?!OAC!B;MF!J;@D>B!GA!

?BGBC@=<B!>=<B;C=G:!;<?!?BO=<B!CBE=A<J!AO!OC;MG;>!9BF;K=ACS!2<!MBCG;=<!M;JBJT!J;@D>BJ!BVF=9=GB?!

?=OOBCB<G!OC;MG;>!9BF;K=ACJ!;MCAJJ!JM;>BJT!;<?!OAC!GFBJB!J;@D>BJT!@L>G=D>B!J>ADBJ!WBCB!M;>ML>;GB?T!

!"#$%&'()$*+, -.+$+/"
!"#$%&'0122

345$#.6

7#)/8'9#:+,+/"'
;&1""+,%/4'<+/4":

3=$6

> ? >@A> BC@DE
F 7 >A@G> F@CA
H 9 >I@A> H@HF
G J >H@AA F@G>
K L >K@AA F@HF

>> (1 II@KK C@HC
>I 04 IE@C> F@CG
>C !. IH@KG C@EF
>E ;% IG@AK E@>F
>K M CK@KF C@HD
IA 91 EA@AG E@DA
II N% ED@KA BC@CD
IH L+ FF@GF K@EF

!"#$%&' ()*"%"+&',-.$)"+&',/0%)1'&
2$#3"45
678+)9:

;+&44$%"#7,<$#74.,
2$#3"45,6! =>:

?1&%4@ ;"A > >BCD EBFG(=HC
I'&7"0+'&3$ J& HBD,-& HBD,;" 9,K',A L >BCM 9BGD(=HC
A%4.0+'&3$ NK';" 9,AL >BDC 9BCD(=HC

-&'+"4$ -&-A 9 >BMF EBCG(=HC
20'0)"4$ -&!76-A 9:> >BLE DBEH(=HC
-.'0%"4$ !7 9BMD,/$ FB>D,;" 9,K'>,AFH,6AO:L >BCD 9B9L(=HC
K17"4$ -& HBG,J& HBF,!7 HBG,/$ HB>,K'HBE,P"HBF,;" FBG,AC 9BEH EBMM(=HC

!13+0Q"4$ NK'9,;" 9,AFH,6AO:FBL,/ HB> >BL> 9BLH(=HC

R"04"4$ N!7 >BD,/$ HBD,K';" 9,AFH,6AO:FBMD,/ HB>D 9BHG EB9>(=HC
N&0'"#"4$ K'>,;" >,AD,6AO:E >BCH 9BFL(=HC

S''"4$ NHBC,6O9A: HBE,K'FB9,!7 HB9,/$ HBF,;" 9BD,AFH,6AO:>,6O>A: >BMD 9BEG(=HC
I5%"4$ /$; > DBHF 9BLF(=HC

A%7&#"+,!&44$%T - DMBE,OFEBE,A>BM,J >B>C 9BC9(=HC



`^!
!

;<?!OC;MG;>!?=@B<J=A<J!WBCB!?BGBC@=<B?S!.=GF!GFBJB!;JJL@DG=A<JT!WB!@A?B>!2QgR!KBCJLJ!g!?;G;!

LG=>=X=<E!OC;MG;>!JM;>=<E!>;WJS!!

9"K!D3'04('!

)B>BMG!J;@D>BJ!OCA@!ALC!JL=GB!AO!<BLGCA<!JM;GGBC=<E!?;G;JBGJ!WBCB!MF;C;MGBC=XB?!K=JL;>>:!

GFCALEF!@=MCAJM;>B!=@;E=<ES!*BCG;=<!<BLGCA<!JM;GGBC=<E!DACAJ=G:!;<?!))+!?;G;JBGJ!WBCB!;>JA!

JB>BMGB?!OAC!;??=G=A<;>!;<;>:J=J!LJ=<E!E;J!;?JACDG=A<!@BGFA?JS!-FBJB!J;@D>BJ!JD;<!GFB!>B<EGF!AO!

GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?!Q"=ELCB!\S`RS!!

!

"=ELCB!\S`S!%;D!AO!GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?S!4BLGCA<!JM;GGBC=<E!J;@D>BJ!;CB!?B<AGB?!9:!
?;G;JBGT!WFBCB!J;@D>BJ!W=GF!9AGF!DBGCAEC;DF=M!;<?!)'%!=@;EBJ!;CB!?B<AGB?!W=GF!;!9L>>JB:BT!
J;@D>BJ!W=GF!DBGCAEC;DF=M!=@;EBJ!;CB!?B<AGB?!W=GF!;!JPL;CBT!;<?!J;@D>BJ!W=GF!)'%!=@;EBJ!;CB!
?B<AGB?!W=GF!;!GC=;<E>BS!);@D>BJ!W=GF!E;J!;?JACDG=A<!?;G;!F;KB!;!?;JFB?!9>;MY!ALG>=<BS!);@D>BJ!
W=GFALG!?;G;!=<!;??=G=A<!GA!<BLGCA<!JM;GGBC=<E!;CB!?B<AGB?!9:!;!9>;MY(O=>>B?!M=CM>BS!



`b!
!

F3().5)*8;1+!,7*51-5!

);@D>BJ!=<!GFB!JGL?:!;CB;!C;<EB?!=<!MA<MB<GC;G=A<J!AO!J=>=M;T!M;C9A<;GBJT!JYB>BG;>!

OC;E@B<GJT!ACE;<=M!@;GGBC!;<?!;MMBJJAC:!@=<BC;>JS!2@;EBJ!AO!GFBJB!J;@D>BJ!GA!=>>LJGC;GB!@=<BC;>!

?=JGC=9LG=A<T!9B??=<E!D>;<BJT!;<?!OC;MGLCB!AC=B<G;G=A<J!;CB!=<M>L?B?!FBCB!Q"=ELCBJ!\Sa!s!\ScRS!!!

'#%(IZ]!=J!;!9=AGLC9;GB?!M;>M;CBALJ!DB>A=?!J=>GJGA<B!W=GF!K;C=;9>B!;@AL<GJ!AO!MFBCG!>=GF=M!

OC;E@B<GJS!'#%(IZb!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!OAC;@=<=OBC!DB>A=?!W;MYBJGA<B!W=GF!

J@;>>!;@AL<GJ!AO!J=>GS!-FBJB!J;@D>BJ!Q=@;EB?!9AGF!D;C;>>B>!;<?!DBCDB<?=ML>;C!GA!9B??=<E!D>;<BJR!

CBG;=<B?!M;>M=GB!MB@B<GB?!OC;MGLCBJ!;<?!OAC;@JT!W=GF!GFB!OC;MGLCBJ!JFAW=<E!GWA!?=JG=<MG!

AC=B<G;G=A<!D>;<BJS!-FB!ACE;<=M!@;GGBC!DCBJB<G!=<!GFBJB!=@;EBJ!JFAWJ!DB>A=?(FAJGB?!9=GL@B<S!

'#%(IHI!=J!;!OC;MGLCB?!9=AGLC9;GB?!DB>A=?;>!OAC;@!M;>M;CBALJ!M>;:JGA<B!W=GF!JM;GGBCB?!DC=J@;G=M!

@A>>LJM!?B9C=J!;<?!9AGF!9B<GF=M!;<?!D>;<YG=M!OAC;@JS!"C;MGLCBJ!=<!GF=J!J;@D>B!;CB!K;C=;9>:!M;>M=GB!

MB@B<GB?!W=GF!JA@B!ADB<!OC;MGLCB!DACAJ=G:S!'#%(IHH!=J!;!FB;K=>:!OC;MGLCB?!9=AGLC9;GB?!DB>A=?!

OAC;@=<=OBC!W;MYBJGA<B!W=GF!JD;CJB!BMF=<A=?!OC;E@B<GJS!"C;MGLCBJ!;CB!M;>M=GB!;<?!"B(?A>A@=GB!

MB@B<GB?S!);@D>B!CBG;=<J!BK=?B<MB!AO!JBMA<?;C:!ACE;<=M!@;GGBCT!JG:>A>=GBJT!;<?!GW=<<B?!M;>M=GBS!

'#%(I\Z!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!M;>M;CBALJ!J=>G:!KBC:!O=<B(EC;=<B?!

J;<?JGA<BS!-F=J!J;@D>B!MA<G;=<J!J;<?T!J=>GT!@=MC=GBT!JD;CJB!M>;:T!;<?!?BGC=G;>!ACE;<=M!@;GGBCS!

'#%(I\a!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!DB>A=?!OAC;@=<=OBC!W;MYBJGA<BS!-F=J!J;@D>B!

F;J!;9L<?;<G!E>A9=EBC=<=?JT!;J!WB>>!;J!DC=J@;G=M!@A>>LJMJ!;<?!;!>BJJ!DCA>=O=M!DCBJB<MB!AO!9B<GF=M!

OAC;@JS!"AC;@J!;CB!M;>M=GB!MB@B<GB?T!D;CG=;>>:!?=JJA>KB?T!;<?!JG:>A>=G=XB?S!'#%(I\b!=J!;!

9=AGLC9;GB?!ACE;<=M!@;GGBC(C=MF!DB>A=?;>!J=>G:!;CE=>>;MBALJ!W;MYBJGA<BS!'#%(I\c!=J!;!9=AGLC9;GB?!

ACE;<=M!@;GGBC(C=MF!J=>G:!OAC;@=<=OBC!DB>A=?!W;MYBJGA<BS!"C;MGLCBJ!C;<EB!OCA@!M;C9A<;GB!

MB@B<GB?!;<?!9=GL@B<!O=>>B?!GA!ADB<!DACAJ=G:S!'#%(I]\!=J!;!9=AGLC9;GB?!DB>A=?!OAC;@=<=OBC!

W;MYBJGA<B!W=GF!M;>M=GB!MB@B<GB?!OAC;@J!;<?!M;>M=GB!D>LJ!D:C=GB(O=>>B?!OC;MGLCBJS!



`c!
!

'#%(I]^!=J!;>JA!;!9=AGLC9;GB?!DB>A=?!OAC;@=<=OBC!W;MYBJGA<BT!W=GF!;9L<?;<G!

E>A9=EBC=<=?JT!;J!WB>>!;J!DC=J@;G=M!@A>>LJMJ!;<?!;!>BJJ!DCA>=O=M!DCBJB<MB!AO!9B<GF=M!OAC;@JS!'#%(

I`I!=J!;!>;@=<;GB?!;<?!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!M;>M;CBALJ!J=>GJGA<BS!-FB!J;@D>B!F;J!

?BGC=G;>!J=>=M=M>;JG=M!J=>GT!M>;:T!;<?!ACE;<=M!@;GGBC!W=GF!@=MC=GBT!DB>A=?JS!'#%(Ia^T!IabT!;<?!I^H!

;CB!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!J=>G:!OAC;@=<=OBC!DB>A=?!W;MYBJGA<BJS!'#%(I^H!;>JA!

JFAWJ!D;CG=;>>:!M;>M=GB(MB@B<GB?!OAC;@J!W=GF!JM;GGBCB?!D:C=GB!MC:JG;>JS!

'#%(IbI!=J!;!>;@=<;GB?!ACE;<=M!@;GGBC(9B;C=<E!M;>M;CBALJ!DB>A=?!OAC;@=<=OBC!J=>GJGA<BS!

-F=J!J;@D>B!=J!9AGF!>;@=<;GB?!;<?!9=AGLC9;GB?!;<?!F;J!;9L<?;<G!?BGC=G;>!@=MC=GBT!J=>=M=M>;JG=M!J=>G!

;<?!M>;:T!DB>A=?JT!D>;<YG=M!OAC;@=<=OBCJT!;<?!ACE;<=M!@;GGBCS!'#%(IbZ!=J!;!9=AGLC9;GB?!ACE;<=M!

@;GGBC(9B;C=<E!OAC;@=<=OBC!DB>A=?!;CE=>>;MBALJ!W;MYBJGA<BS!'#%(Ib\!=J!;!9=AGLC9;GB?!ACE;<=M!

@;GGBC(9B;C=<E!;CE=>>;MBALJ!DB>A=?!W;MYBJGA<BS!'#%(Ibb!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(!

9B;C=<E!;CE=>>;MBALJ!J=>G:!DB>A=?!W;MYBJGA<B!GA!@L?(?A@=<;GB?!D;MYJGA<BS!-F=J!J;@D>B!JFAWJ!

J=>=M=M>;JG=M!J=>G!;<?!M>;:!W=GF!JA@B!KBC:!O=<B(EC;=<B?!PL;CGX!J;<?T!@=MC=GBT!;<?!?BGC=G;>!ACE;<=M!

@;GGBCS!"C;MGLCBJ!;CB!M;>M=GB!MB@B<GB?!W=GF!JM;GGBCB?!D:C=GB!MC:JG;>JS!%=MCAMC:JG;>>=<B!J=>=M;!=J!

DCBJB<G!GFCALEFALG!GFB!J;@D>BS!'#%(Icb!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!M;>M;CBALJ!

J=>GJGA<B!W=GF!JM;GGBCB?!OAJJ=>!OC;E@B<GJS!

!



aI!
!

!

"=ELCB!\SaS!&BGCAEC;DF=M!=@;EBJ!OAC!'#%(IZ]T!(IZb(&ZT!(IZb(&HT!(IHIT!(IHHS!';MF!J;@D>B!JFAWJ!
MF;C;MGBC=JG=M!OB;GLCBJ!=<!D>;<B!DA>;C=XB?!>=EFG!QDD>R!Q>BOGR!;<?!MCAJJ(DA>;C=XB?!>=EFG!QVD>R!QC=EFGRS!!



aZ!
!

!

"=ELCB!\S^S!&BGCAEC;DF=M!=@;EBJ!OAC!'#%(I\ZT!(I\aT!(I\bT!(I\cT!(I]\S!';MF!J;@D>B!JFAWJ!
MF;C;MGBC=JG=M!OB;GLCBJ!=<!D>;<B!DA>;C=XB?!>=EFG!QDD>R!Q>BOGR!;<?!MCAJJ(DA>;C=XB?!>=EFG!QVD>R!QC=EFGRS!



aH!
!

!

"=ELCB!\SbS!&BGCAEC;DF=M!=@;EBJ!OAC!'#%(I]^T!(I`IT!(Ia^T!(IabT!(I^HS!';MF!J;@D>B!JFAWJ!
MF;C;MGBC=JG=M!OB;GLCBJ!=<!D>;<B!DA>;C=XB?!>=EFG!QDD>R!Q>BOGR!;<?!MCAJJ(DA>;C=XB?!>=EFG!QVD>R!QC=EFGRS!



a\!
!

!

"=ELCB!\ScS!&BGCAEC;DF=M!=@;EBJ!OAC!'#%(IbIT!(IbZT!(Ib\T!(IbbT!(IcbS!';MF!J;@D>B!JFAWJ!
MF;C;MGBC=JG=M!OB;GLCBJ!=<!D>;<B!DA>;C=XB?!>=EFG!QDD>R!Q>BOGR!;<?!MCAJJ(DA>;C=XB?!>=EFG!QVD>R!QC=EFGRS!
! !



a]!
!

=?:!,7*51-5!

.B!DBCOAC@B?!)'%!=@;E=<E!A<!GFCBB!GF=<!JBMG=A<!J;@D>BJ!Q'#%(IZbT!(I\aT!;<?!(IbZR!

;<?!GFCBB!9CAYB<!JLCO;MB!J;@D>BJ!Q'#%(IHIT!'#%(Ib]T!;<?!'#%(IbaR!MA>>BMGB?!OCA@!?=OOBCB<G!

>AM;G=A<J!=<!GFB!W;GBCJFB?!=<!AC?BC!GA!=?B<G=O:!K=JL;>!CBDCBJB<G;G=A<J!AO!@=MCA(JM;>B!DACB!

<BGWACYJS!+J!=?B<G=O=B?!OCA@!GFB!DBGCAEC;DF=M!;<;>:JBJT!'#%(IZb!=J!;!9=AGLC9;GB?!ACE;<=M!

@;GGBC(9B;C=<E!OAC;@=<=OBC!DB>A=?!W;MYBJGA<B!W=GF!@=<AC!;@AL<GJ!AO!J=>GS!-F=J!)'%!JBMG=A<!=J!

DCBD;CB?!DBCDB<?=ML>;C!GA!9B??=<E!D>;<BJT!JFAW=<E!M>B;C!O=JJ=>B!D;CG=<E!;>A<E!9B??=<E!D>;<BJ!

Q"=ELCB!\SZIRS!!*;>M=GB!MB@B<GB?!OC;MGLCBJ!;<?!OAC;@J!;CB!CB;?=>:!DCBJB<GT!W=GF!OC;MGLCBJ!JFAW=<E!

GWA!?=JG=<MG!AC=B<G;G=A<!D>;<BJ1!;>A<E!9B??=<E!D>;<BJ!;<?!DBCDB<?=ML>;C!GA!9B??=<ES!)G:>A>=GBJ!;CB!

DCBJB<G!;<?!CBO>BMG!BK=?B<MB!AO!DCBJJLCB!?=JJA>LG=A<!MA<?=G=A<JS!$CE;<=M!@;GGBC!=J!DCBJB<G!=<!GFBJB!

=@;EBJ!W=GF=<!=<GBC(!;<?!=<GC;(D;CG=M>B!DACAJ=G:S!&:C=GB!OC;@9A=?J!;CB!DBCK;J=KB!=<!GF=J!J;@D>BT!;J!

;LGF=EB<=M!CBMC:JG;>>=X;G=A<!W=GF=<!OAC;@JT!GFCALEFALG!GFB!@;GC=VT!;<?!;J!;>GBCB?!OC;E@B<GJ!W=GF!

M>;:!AKBCECAWGFJS!'#%(I\a!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!DB>A=?!OAC;@=<=OBC!

W;MYBJGA<BS!-FALEF!DBGCAEC;DF=M!=@;EBJ!JFAW!;9L<?;<G!E>A9=EBC=<=?JT!DC=J@;G=M!@A>>LJMJ!;<?!

9B<GF=M!OAC;@JT!GF=J!@=MCA(JM;>B!=<KBJG=E;G=A<!AO!GFB!J;@D>B!F=EF>=EFGJ!MAMMA>=GF=M!?B9C=JT!

;9L<?;<G!M;C9A<;GB!QDCBJB<G!9AGF!=<!?BGC=G;>!;<?!;LGF=EB<=M!OAC@RS!'MF=<A=?!JFB>>J!BVF=9=G!

=<M>LJ=A<!DACAJ=G:!;<?!=<GBC<;>!OC;MGLCBJS!7BCAEB<!O=>>J!=<GBCD;CG=M>B!DACAJ=G:S!'#%(IbZ!=J!;!

9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!OAC;@=<=OBC!DB>A=?!;CE=>>;MBALJ!W;MYBJGA<BS!-F=J!J;@D>B!

JFAWJ!BK=?B<MB!AO!YBCAEB<!JGC=<EBCJ!W=GF!JLCCAL<?=<E!;LGF=EB<=M!M>;:!@=<BC;>J!;<?!?BGC=G;>!J=>G(

J=XB?!EC;=<J!AO!PL;CGX!;<?!D;CG=;>>:!;>GBCB?!Y(OB>?JD;CS!0A>A@=GB!W=GF!OBCCA;<!?A>A@=GB!C=@J!;CB!

DCBJB<G!FBCBT!;JJAM=;GB?!W=GF!MA<MB<GC;GB?!D:C=GB!OC;@9A=?JT!J=>GT!;<?!=<GBC(D;CG=M>B!DACAJ=G:!QAC!

DAJJ=9>B!9=GL@B<(O=>>B?!DACB!JD;MBJRS!NAGF!ML9=M!;<?!OC;@9A=?;>!D:C=GB!EC;=<J!;CB!DCBJB<GT!W=GF!



a`!
!

M>;:!D;CG=M>BJ!OAC@=<E!GA!GFB!C=E=?!D:C=GB!JGCLMGLCBS!-BCCBJGC=;>!ACE;<=M!@;GGBC!JFAWJ!;!MA@D;MGB?!

C=E=?!BVGBC<;>!JGCLMGLCB!;J!WB>>!;J!=<GC;D;CG=M>B!DACAJ=G:S!

!

"=ELCB!\SZIS!-F=<!JBMG=A<!)'%!=@;EBJ!AO!'#%(IZbT!(I\aT!(IbZS!"B;GLCBJ!?B<AGB?!W=GF!:B>>AW!
>;9B>JS!

ERM-018

ERM-036

ERM-081

pyrite

pyrite 
framboid

kerogen

interP !
silt

silt
echinoid

calcite 
cemented 

foram

silt silt
siltdolomite

silt

pyrite

pyrite

clay

peloids

silt

clay

micrite

pyrite 
framboid

interP !  
(?)

inclusion 
!

barite-
cemented 
fracture

calcite 
cement

mineralized 
fracture

mineralized 
fracture

" ssile 
partings

silt

coccolithic 
debris

interP !  
(?)

apatite

K-feldspar

dolomite

K-feldspar

clay

kerogen

calcite

framboid
clay

peloid

stylolite

carbonate

woody 
OM

clay

silt
dolomite
Fe-dolomite

mica

inclusion !

OM

 foram
test

Fe-dolomite



aa!
!

NCAYB<!JLCO;MB!J;@D>BJ!WBCB!@ACB!?=OO=ML>G!GA!=@;EBT!?LB!GA!K;C=;9>B!B>BMGCA<!MF;CE=<E!

OCA@!GFB!CALEF!JLCO;MBJ!Q"=ELCB!\SZZRS!'#%(IHIT!;!OC;MGLCB?!9=AGLC9;GB?!DB>A=?;>!OAC;@!

M;>M;CBALJ!M>;:JGA<BT!BVF=9=GB?!DBCK;J=KB!=<GBCD;CG=M>B!DACAJ=G:!W=GF!;LGF=EB<=M!M>;:J!;<?!

M;C9A<;GBS!'#%(Ib]!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!;CE=>>;MBALJ!DB>A=?!W;MYBJGA<B!W=GF!

OC;MGLCB?!M;>M=GB!EC;=<J!;<?!DCBK;>B<G!D:C=GB!OC;@9A=?JS!'#%(Iba!=J!;!9=AGLC9;GB?!ACE;<=M!

@;GGBC(9B;C=<E!M;>M;CBALJ!J=>GJGA<BS!

!

"=ELCB!\SZZS!NCAYB<!JLCO;MB!)'%!=@;EBJ!AO!'#%(IHIT!(Ib]T!(IbaS!"B;GLCBJ!?B<AGB?!W=GF!:B>>AW!
>;9B>JS!

!

R?6!=0)A*+3!%)3*!

)LCO;MB!;CB;!9:!<=GCAEB<!E;J!;?JACDG=A<!W;J!@B;JLCB?!OAC!HH!AO!GFB!Hc!CAMY!J;@D>BJ!GA!

MA@D;CB!GA!?;G;!M;>ML>;GB?!OCA@!<BLGCA<!JM;GGBC=<ES!)LCO;MB!;CB;!W;J!F=EFBJG!=<!J;@D>B!'#%(

ERM-020

ERM-084

ERM-086

calcite

dolomiteclay

quartz

clay 
platelets

foram

pyrite
framboid pyrite

calcite

clay

pyrite
framboids



a^!
!

Icb!QH\SIH!@#hER!;<?!>AWBJG!=<!J;@D>B!'#%(IHI!QZSZc!@#hER!Q-;9>B!\S\RS!+KBC;EB!CAMY!JLCO;MB!

;CB;!;MCAJJ!GFBJB!J;@D>BJ!W;J!bSb`!@#hES!&ACAJ=G:!M;>ML>;GB?!OCA@!DACB!KA>L@B!;<;>:XB?!GFCALEF!

GFB!N'-!@BGFA?!QBVMBDG!'#%(IZb!;<?!IbaR!W;J!F=EFBJG!=<!'#%(IZ]!Q`Sc}R!;<?!>AWBJG!=<!

'#%(Ibc!;<?!(IHI!QZS]}R!W=GF!;<!;KBC;EB!AO!\Sa}S!'#%(IZb!;<?!Iba!WBCB!<AG!;<;>:XB?!OAC!

GFB!OL>>!?BJACDG=A<!MLCKB!;<?!GFBCBOACB!;<!;MMLC;GB!DACB!KA>L@B!W;J!<AG!@B;JLCB?S!

!

-;9>B!\S\S!N'-!JLCO;MB!;CB;!;<?!DACAJ=G:!K;>LBJ!OAC!HH!JF;>B!J;@D>BJ!=<!GFB!';JG!#=KBC!8;>>B:!
.;GBCJFB?S!

!

!

H30().-!=+*((3)1-5!

),0!K;>LBJ!OCA@!M;>ML>;G=A<J!C;<EB?!9BGWBB<!\SccVZI,- !• ,#!GA!]S`bVZI,- !• ,#%W=GF!;<!

;KBC;EB!AO!]SH`VZI,- !• ,#!Q-;9>B!\S]RS!';MF!),0!W;J!LJB?!GA!=<?=K=?L;>>:!M;>ML>;GB!GFB!

MACCBJDA<?=<E!J;@D>BjJ!JM;GGBC=<E!MA<GC;JGS!-F=J!JM;GGBC=<E!MA<GC;JG!K;>LB!DCAK=?B?!=<OAC@;G=A<!

!"#$%&'() *%+,-.&'/+&-'012345 67+78#9:

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



ab!
!

LJB?!GA!?BC=KB!GFB!DACB!J=XB!?=JGC=9LG=A<!9;JB?!A<!GFB!J;@D>B!2QgR!K!g!D;GGBC<S!+KBC;EB!),0!

K;>LBJ!OAC!M>LJGBCJ!+T!NT!*T!;<?!_!;CB!]S]]!VZI,- !• ,#T!]S\I!VZI,- !• ,#T!]SZZ!VZI,- !• ,#T!;<?!]SZ]!VZI,

- !• ,#T!CBJDBMG=KB>:S!!

!

-;9>B!\S]S!*;>ML>;GB?!),0!OAC!B;MF!J;@D>B!=<!GF=J!JGL?:S!
!

!

!

&>AGJ!AO!2QgR!KBCJLJ!g!=<!>AE(>AE!JD;MB!=>>LJGC;GB!GFB!DAWBC(>;W!CB>;G=A<JF=D!9BGWBB<!

JM;GGBC=<E!KBMGAC!QgR!;<?!=<GB<J=G:!AO!<BLGCA<!9B;@!JM;GGBCBCJ!Q2QgRR!Q"=ELCBJ!\SZH!s!\SZ]T!

+DDB<?=V!'RS!-F=J!DAWBC!>;W!CB>;G=A<JF=D!=J!CB>;GB?!GA!GFB!OC;MG;>!?=@B<J=A<!AO!?=JAC?BCB?!

J:JGB@J!Q.A<E!;<?!NC;:T!Zcbb;T9m!)MF@=?GT!ZcbZRS!-FB!OC;MG;>!?=@B<J=A<!M;<!9B!M;>ML>;GB?!

OCA@!GFB!J>ADB!AO!GF=J!MACCB>;G=A<T!WFBCB!GFB!J>ADB!Q@R!BPL;>J!H!x!ƒ@ƒ!x!]S!"AC!ƒ@ƒ!K;>LBJ!ECB;GBC!

GF;<!\T!GFB!?;G;!BVF=9=GJ!JLCO;MB!OC;MG;>!9BF;K=ACT!;<?!GFB!JLCO;MB!OC;MG;>!?=@B<J=A<!Q00R!=J!BPL;>!

GA!a!s!ƒ@ƒ!Q%=>?<BC!;<?!/;>>T!Zcbam!%=>?<BC!BG!;>ST!Zcba9m!#;?>=<JY=T!HIIaRS!2O!GFB!K;>LB!AO!ƒ@ƒ!=J!

>BJJ!GF;<!\T!GFB!J;@D>B!BVF=9=GJ!@;JJ!OC;MG;>!9BF;K=AC!W=GF!@;JJ!OC;MG;>!?=@B<J=A<;>=G:!Q0' R!{!

ƒ@ƒS!';JG!#=KBC!J;@D>BJ!BVF=9=G!OC;MG;>!?=@B<J=A<;>=G:!OCA@!HSI]!GA!HSccT!W=GF!<=<B!J;@D>BJ!

!"#$%&'()
*+,--&.#"/01&"/-20

)&"3#-4056789
!"#$%&'()

*+,--&.#"/01&"/-20

)&"3#-4056789
:;<7==> ?'=@:7=A :;<7=BA ?'C?:7=A
:;<7=>? ?'>=:7=A :;<7=AD ?'>C:7=A
:;<7=>E ?'CB:7=A :;<7=AE ?'8@:7=A
:;<7=8= ?'8A:7=A :;<7=D8 ?'C8:7=A
:;<7=88 ?'?@:7=A :;<7=DD ?'=C:7=A
:;<7=C> ?'>?:7=A :;<7=DE ?'>8:7=A
:;<7=C? ?'CD:7=A :;<7=E= ?'?>:7=A
:;<7=CA ?'C@:7=A :;<7=E> ?'8@:7=A
:;<7=CE C'@@:7=A :;<7=EC ?'>@:7=A
:;<7=C@ ?'8C:7=A :;<7=EA ?'?A:7=A
:;<7=?C ?'BE:7=A :;<7=EE ?'8B:7=A
:;<7=?D ?'8@:7=A :;<7=E@ ?'=E:7=A
:;<7=B= ?'>D:7=A :;<7=@E C'@@:7=A
:;<7=B8 ?'>D:7=A :;<7>=> ?'8A:7=A
:;<7=BB ?'?E:7=A 7777777777777 77777777777777



ac!
!

JFAW=<E!@L>G=D>B!J>ADBJ!GFCALEFALG!GFB!JM;GGBC=<E!DCAO=>B!Q-;9>B!\S`RS!"=KB!J;@D>BJ!BVF=9=G!@;JJ!

OC;MG;>!9BF;K=AC!Q'#%(!I\]T!(I\bT!(I\cT!(I`I(&ZT!;<?!(I^bR!;<?!OACG:(J=V!JFAW!JLCO;MB!OC;MG;>!

9BF;K=AC!AKBC!GFB!@;eAC=G:!AO!GFB!DCAO=>BS!-FB!@;JJ!OC;MG;>!J;@D>BJ!JD;<!GFCBB!AO!GFB!OALC!

M>LJGBCJT!=<?=M;G=<E!GF;G!GFBCB!=J!<A!MACCB>;G=A<!9BGWBB<!OC;MG;>!9BF;K=AC!;<?!M>LJGBC=<ES!!

!

!

"=ELCB!\SZHS!2QgR!K!g!D>AGJ!OAC!=<?=K=?L;>!J;@D>B!?;G;JBGJS!
!

!
!

!
!

! ! ! ! ! ! !
! ! ! !

! !
! ! ! ! ! ! !

! !!
!!! ! ! ! !

! ! !
! !

! ! !
! ! !

! ! !!
! !

!
!!

!
!
!!

! !
!

!
!

!
! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!! !

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�������2�?�¦��������ERM-0341012

109

106

103

100

10-5 10-4 10-3 10-110-2

! !
!

!
!

!
!

!
! ! !

! ! ! ! !
! !

! !
! ! ! ! ! ! !

!
!
!
! !

! !
! ! !

!
!
!
! ! !

!
! !

! !
!
!!

!
! !! !

!!
!

!
!

!
!

! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!

!!
!!
!!
!!
!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-1011012

109

106

103

100

10-5 10-4 10-3 10-110-2

! !
!

!
!

!
! !

! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! !!!!!

! !
! ! !

! ! ! !
! !

! !
!
! ! !

!
!!

!
! !

! !
!!! !

!
!

!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!
! ! ! ! ! ! ! ! ! !!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0781012

109

106

103

100

10-5 10-4 10-3 10-110-2

!
!

!
! !

! !
! ! ! !

!
! ! ! !

! ! !
! !

! ! !
!
!!!

!
!!

!
! !

! ! !
!

!
!

!
!

!

!
!
!
!!
! !

!
!

!
!

!
!

!
! !

! ! ! ! !
! !!

!!!!!!!
!!!!!

!!!
!

!
! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������ERM-0861012

109

106

103

100

10-5 10-4 10-3 10-110-2

! ! !
!

! !
!

!
! ! !

!
!
!
! ! !

! ! !
! ! !

! ! !
! !

!
!
!

!
! ! !

!

!

!
! !

! !
!

!

! !

!

!
!

!
!

!
! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0361012

109

106

103

100

I(
Q

) 
(c

m-1
)

10-5 10-4 10-3 10-110-2

!
!

!
!

! ! ! ! ! !
! ! ! ! !

! ! ! !
! ! ! ! !

! !!!!! ! !
! ! ! !

!
! !

! !
!

! ! !
! !

!

!

!
!

! !
! !

!

!
!

!
!!
! !

!
!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0771012

109

106

103

100

10-5 10-4 10-3 10-110-2

!

!
!

!
!

!
!

! !
! !

! ! ! ! ! !
!

! !
!
! !

!
! !

!
!
!
!!

! ! ! !
!
!
!
!

!
!

!
!

!
!

!
!

!
!

! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0681012

109

106

103

100

10-5 10-4 10-3 10-110-2

! !
!

!
! !

! !
! ! !

! ! ! ! ! ! ! ! ! !
! ! ! ! !!!!!

! ! ! !
! ! ! ! ! ! ! !

! ! ! !

!
!!

!
! ! !

!
! !

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0221012

109

106

103

100

10-5 10-4 10-3 10-110-2

!
!

! !
! !

! ! ! !
!
! ! ! !

! ! !
! !

! ! !
!
!!!

!
! !

!
! !

! ! !
!

!
!

!
!

!

!
!
!
!!

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦������ERM-0381012

109

106

103

100

10-5 10-4 10-3 10-110-2

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦���������2�?�¦��������ERM-0521012

109

106

103

100

10-5 10-4 10-3 10-110-2

! !
!

!
!

!
!

!
! !

! ! ! !
!
!
! !

! ! !
! !

!
! !

!
! !

!!

!

!

!

! ! !
!
! !

!

!

! !

! !

! !
!

!

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦������ERM-0201012

109

106

103

100

10-5 10-4 10-3 10-110-2

!
!

!
! !

!
!

!
! !

! ! ! !
! !

! ! ! !
! ! !

! !
!

!
!

!

!!

!
! !

!

!

!

!
!

! ! !
!

! !
!
!

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!! !

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0391012

109

106

103

100

10-5 10-4 10-3 10-110-2

!
!

!
!

!
! !

! !
!

! ! ! !
! ! ! ! ! !

! ! ! ! ! !
! ! ! !!!

!! ! !
! !

!
! ! ! ! !

! ! !
!
! ! !

!
!
! !

!
!
! !

!!!
! !!

!

!!
!

!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0551012

109

106

103

100

10-5 10-4 10-3 10-110-2

!
!

!
!

!
!

!
! !

! !
! ! !

! ! !
! !

! !
! ! ! ! !

! !!!
!
! !

! ! ! !
! !

!

!

! !

! !

!

!
!

!
!

!
!

! !
! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0311012

109

106

103

100

10-5 10-4 10-3 10-110-2

Q (•-1)

Q (•-1)

! ! !
!

!
!

!
! !

!
! ! ! !

! !
! ! !

!
! ! !

!
! !

! ! !

!

!

!

!
!

!

!

!
!

!

!
!
!

!
!

!
!

!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!! !
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï�������G

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0501012

109

106

103

100

10-5 10-4 10-3 10-110-2

Q (•-1)

I(
Q

) 
(c

m-1
)

I(
Q

) 
(c

m-1
)

Q (•-1)

I(
Q

) 
(c

m-1
)



^I!
!

!

"=ELCB!\SZ\S!2QgR!K!g!D>AGJ!OAC!MA<GC;JG!@;GMFB?!BVDBC=@B<GJS!!
!

!

"=ELCB!\SZ]S!2QgR!K!g!D>AGJ!OAC!9B??=<E!D>;<B!D;C;>>B>!;<?!DBCDB<?=ML>;C!BVDBC=@B<GJS!!

�(�5�0�ï�������ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

! ! !
!

!
!

! ! !
! !

!
! ! ! ! !

! ! !
! ! ! !

! !
! !!!

!!
!

!
!

!

!

! !
!
! ! !

!
! !

! ! ! !

!

!
!

!

!

!
!

!
!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0801012

109

106

103

100

10-5 10-4 10-3 10-2 10-1

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

�(�5�0�ï�������ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

�(�5�0�ï�������ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

�(�5�0�ï�������ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦������
�:���������¦�����������2�?�¦������

�(�5�0�ï�������ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦������
�:���������¦�����������2�?�¦��������

�(�5�0�ï�������ï�3��

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

! ! ! !
!

! !
! !

! ! !
! !

!
!
! !

! ! !
! ! !

!
! ! !!!

!

!

!
!

!
!

!
!
!

!

!

!

!

!

!

!
!

!
!

!
!
! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!

!!! !
!
!
!
!

�(�5�0�ï���������F�P

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������

! !
!

!
!

!
!

!
! ! !

!
! !

! !
!
!
!

! !
! !

!
!
! ! ! !

!!!

!
! !

!

! !

! !
!

!
!

!
! !

!
!

!

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! !!!!

!!!!!!!!!!!!!
!

!
! ! ! ! ! !

! !
!
!!!

�(�5�0�ï���������F�P

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������

!
! !

!
!

! !
!

!
! ! ! ! !

! ! !
! !!

! ! !
!
! !

!!

!

!

!
! ! ! !

!

!

!

! !
! !

!

!

!
!

!
!

! !
! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!

!! !
! !

!
!

�(�5�0�ï���������F�P

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������

! ! !

!
! !

!
! !

! ! !
! !

!
!
!

! !

!
!

!
! !

! !

!!!!!

!

!
! !

!

!
!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!
!

!
!

�(�5�0�ï���������F�P

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������

!
!

!
!

!
! ! !

! ! !
! ! ! !

! !
! ! ! !

!
! !

! !

!

!
!! !

!

!

! !
!

!

!
!

! !
!
!
!

!

! !

!
!

!
!

!
!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!
! ! ! ! ! ! ! ! !!!!!!!!

! ! ! ! ! ! ! ! ! ! ! !!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�������2�?�¦������ERM-0141012

109

106

103

100

10-5 10-4 10-3 10-110-2

! !
! !

!
!

! !
! !

!
! ! !

! ! !
! ! ! !

!
! ! !

!

! !
!
!
!
!
! !

!

! !
! !

!

!

! !
!

!

!
! !

!

!
!

!
!

!

!
!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!! ! ! ! ! ! ! !

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0811012

109

106

103

100

10-5 10-4 10-3 10-110-2

!
! !

!
!

!
! ! !

! ! ! !
!
!
! !

!
!

!
!

! !
!
!
!

!

!

!

!

!

!

!
!

! !
!

!

!

!
!

!
!

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! !!!!!!!!! !!!!!! ! ! ! ! ! ! !

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������ERM-0891012

109

106

103

100

10-5 10-4 10-3 10-110-2

! ! !
!

!
! !

! ! ! !
! ! ! ! ! ! !

!
! ! !

! !
!

!
!
!
!!!! !

! !

!

!

!
!

!

!
! !

!
!
!

!

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0471012

109

106

103

100

10-5 10-4 10-3 10-110-2

I(
Q

) 
(c

m-1
)

ERM-0431012

109

106

103

100

10-5 10-4 10-3 10-110-2

ERM-0881012

109

106

103

100

10-5 10-4 10-3 10-110-2

Q (•-1)

I(
Q

) 
(c

m-1
)

Q (•-1)Q (•-1)

I(
Q

) 
(c

m-1
)

10-1

ERM-0561012

109

106

103

100

10-5 10-4 10-3 10-2 10-1

! ! !
!

!
!

! !
! !

! !
! ! ! ! !

! ! !
! ! ! ! ! !

! ! !!
!
!
! !

!
! !

!
!
!

!

!

!

!

!

!

!!
! !

!
!

!
!

!
!

!
! ! ! !

! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! !
!!!!! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! !

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0011012

109

106

103

100

10-5 10-4 10-3

10-1

10-110-2

!
!

!

!
! !

!
!

!
! ! ! ! !

! !
! ! !

!

!
!
!

!

!

!

!

!

!

!

!
!

!

!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! !!
!!

!!!!!!!!!!!!!
!
!
!

!
! ! ! ! ! ! ! !

!
!!!!!

!
!

�(�5�0�ï���������F�P

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������

CM

!
! !

!
!

!
!

! !
!

! !
! ! !

! ! !
! !

!
!
! !

! !
! !

!
!

!

!

! !

!
!
!
!

!

!
!

! ! !

! !
!

! !

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0981012

109

106

103

100

10-5 10-4 10-3 10-110-2

CMCM

CMCM
CM

CM

CM
CM

CMCM

�(�5�0�ï�������ï�3���ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������ERM-083-P21012

109

106

103

100

Q (•-1)
10-5 10-4 10-3 10-110-2

�(�5�0�ï�������ï�3��

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦���������2�?�¦��������

�(�5�0�ï�������ï�3��

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�����������������2�?�¦��������
�:���������¦���������2�?�¦��������

�:���������¦�����������2�?�¦��������

�(�5�0�ï�������ï�3��

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦���������2�?�¦��������

�(�5�0�ï�������ï�3��

�¦�� �¦�� �¦�� �¦�� �¦��

��

����

�:���������¦���������2�?�¦��������
�:���������¦���������2�?�¦��������

!
! !

!
! !

! ! !
! !

!
! ! ! ! ! ! !

! !

!
!

!
! !

! !

!
!!

!

!

! !

!
!

!
!

!

!
!

! !

!

!
!

!
!

!
! !

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!

�(�5�0�ï�������ï�3��

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������

! ! !
!

!
!

! ! !
! ! !

! !
! !

! !
! ! ! !

!

!

!
! !

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

! !

!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�(�5�0�ï�������ï�3��

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�������2�?�¦��������ERM-018-P11012

109

106

103

100

I(
Q

) 
(c

m-1
)

10-5 10-4 10-3 10-110-2

ERM-018-P21012

109

106

103

100

10-5 10-4 10-3 10-110-2

ERM-067-P11012

109

106

103

100

10-5 10-4 10-3 10-110-2

ERM-067-P21012

109

106

103

100

10-5 10-4 10-3 10-110-2

ERM-072-P11012

109

106

103

100

I(
Q

) 
(c

m-1
)

10-5 10-4 10-3 10-110-2

ERM-072-P21012

109

106

103

100

10-5 10-4 10-3 10-110-2

Q (•-1) Q (•-1)

Q (•-1) Q (•-1)



^Z!
!

-;9>B!\S 1̀!"C;MG;>!?=@B<J=A<J!M;>ML>;GB?!OCA@!J>ADB!AO!DAWBC(>;W!O=G!GA!2QgR!KS!g!?;G;S!
!

!

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

01213

4%#"#&5
6--5,7#289#,"

01213

:8//',5'*%5;8<&
=58<98+

=58<98+')#2&"/#,"
0) / ',5') 2 3

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

!"#$%&4 '()% '()% *+,-./0 )(2%
!"#$%&4$/3 '()5 '()5 *+,-./0 )(6&
!"#$%&2$7& )(1189'(4& '(): *+,-./0 )(1189)(:5
!"#$%&2$7) )(%489)(5)89'('& '(&5 *+,-./0 )(%489)(1589)(5)

!"#$%&2$7)$/3 )(5%89'(55 '()' *+,-./0 )(5%89)(%&
!"#$%)% '(&% '(&% *+,-./0 )(5%
!"#$%)) '(&: '(&: *+,-./0 )(2:
!"#$%'& '()) '()) *+,-./0 )(62
!"#$%'4 )(5) )(5) 3.** )(5)
!"#$%'1 '(%4 '(%4 *+,-./0 )(51
!"#$%'2 )(2% )(2% 3.** )(2%
!"#$%'5 )(5) )(5) 3.** )(5)
!"#$%4' )(1%89'('% '(&5 *+,-./0 )(1%89)(6%

!"#$%4'$/3 )(1189'(:5 '()' *+,-./0 )(1189)(4&
!"#$%46 '(&) '(&) *+,-./0 )(22

!"#$%46$/3 '()6 '()6 *+,-./0 )(6'
!"#$%:%$7& )(52 )(52 3.** )(52
!"#$%:)$7& )(1689'(&4 '(%1 *+,-./0 )(1689)(21

!"#$%:: '(%1 '(%1 *+,-./0 )(54
!"#$%:1 )(:&89'(4& '(&& *+,-./0 )(:&89)(:5

!"#$%:1$/3 )(5189'(:: '(&% *+,-./0 )(5189)(4:
!"#$%16$7& '(%5 '(%5 *+,-./0 )(5&
!"#$%16$7) '(%) '(%) *+,-./0 )(52

!"#$%16$7)$/3 '()2 '()2 *+,-./0 )(6)
!"#$%12 '(%4 '(%4 *+,-./0 )(51

!"#$%6)$7& )(1489'()1 '(%& *+,-./0 )(1489)(64
!"#$%6)$7&$/3 '(%6 '(%6 *+,-./0 )(5'

!"#$%6)$7) )(6489'()) )(55 *+,-./0 )(6489)(62
!"#$%6)$7)$/3 '(&2 '(&2 *+,-./0 )(2)

!"#$%66 '(%& '(%& *+,-./0 )(55
!"#$%62 )(55 )(55 3.** )(55
!"#$%2% '(&' '(&' *+,-./0 )(26

!"#$%2%$/3 '():89'(22 '(') *+,-./0 )(6:89)(&)
!"#$%2& '(%5 '(%5 *+,-./0 )(5&

!"#$%2&$/3 '(') '(') *+,-./0 )(12
!"#$%2'$7) )('189'('1 '(&% *+,-./0 )('189)(14

!"#$%2'$7)$/3 )(4689'(12 '(&4 *+,-./0 )(4689)(')
!"#$%21 '(%: '(%: *+,-./0 )(5:
!"#$%22 )(2)89'('2 '(&' *+,-./0 )(1)89)(2)

!"#$%22$/3 )(6189'(5& '(&5 *+,-./0 )(6189)(%5
!"#$%25 '(&5 '(&5 *+,-./0 )(2&

!"#$%25$/3 '()& '()& *+,-./0 )(65
!"#$%52 '(%6 '(%6 *+,-./0 )(5'

!"#$%52$/3 '(%5 '(%5 *+,-./0 )(5&
!"#$&%& '(&: '(&: *+,-./0 )(2:



^H!
!

)=@=>;C>:T!GFBCB!=J!<A!JG;G=JG=M;>!?=OOBCB<MB!9BGWBB<!OC;MG;>!?=@B<J=A<!K;>LBJ!;MCAJJ!

M>LJGBCJT!WFBCB!M>LJGBCJ!+T!NT!*T!;<?!_!F;KB!;KBC;EB!OC;MG;>!?=@B<J=A<J!AO!HSb`T!HSbaT!HSbZT!;<?!

HSbaT!CBJDBMG=KB>:S!*A<GC;JG!@;GMFB?!BVDBC=@B<GJ!JFAWB?!>AWBC!AKBC;>>!=<GB<J=G=BJ!OAC!J=@=>;C!P(

K;>LBJT!;<?!JBKBC;>!J;@D>BJ!CBG;=<B?!J=@=>;C!J>ADBJ!GA!GFB=C!<A<(MA<GC;JG!@;GMFB?!MAL<GBCD;CG!

J;@D>BJ!Q'#%(IIZT!(IbcT!;<?!(IcbR!Q"=ELCB!\SZ\RS!-F=J!J=@=>;C=G:!=<!J>ADBJ!9BGWBB<!?C:!MB>>!;<?!

MA<GC;JG!@;GMFB?!BVDBC=@B<GJ!=<?=M;GBJ!GF;G!GFBCB!=J!<AG!;!MACCB>;G=A<!9BGWBB<!DACB!J=XBJ!;<?!

MA<<BMGB?!DACAJ=G:!=<!GFBJB!J;@D>BJS!2<!GFB!CB@;=<=<E!J;@D>BJ!WF=MF!L<?BCWB<G!GFB!MA<GC;JG!

@;GMF=<E!BVDBC=@B<GT!FAWBKBCT!WB!9B>=BKB!GF;G!MA<<BMG=K=G:!K;C=BJ!;J!;!OL<MG=A<!AO!DACB!J=XB!

WFBCB!GFB!J>ADB!AO!GFB!2QgR!K!g!MLCKB!K;C=BJ!9BGWBB<!MA<GC;JG!@;GMFB?!;<?!<A<(MA<GC;JG!@;GMFB?!

BVDBC=@B<GJS!+<!BV;@D>B!AO!GFBJB!J;@D>B!K;C=;G=A<J!M;<!9B!JBB<!=<!'#%(IIZ!Q<A<(K;C:=<E!

J>ADBR!;<?!'#%(I`a!QK;C:=<E!J>ADBR!Q"=ELCB!\SZ`RS!'#%(IIZ!F;J!;<!2QgR!K!g!J>ADB!AO!(\S\H!=<!

9AGF!?C:!MB>>!;<?!MA<GC;JG!@;GMFB?!BVDBC=@B<GJS!'#%(I`aT!FAWBKBCT!F;J!>AW(g!J>ADBJ!AO!(HS`Z!

;<?!(HSca!;<?!F=EF(g!J>ADBJ!AO!(\S]Z!;<?!(\S``!=<!GFB!?C:!MB>>!KBCJLJ!MA<GC;JG!@;GMFB?!

BVDBC=@B<GJT!CBJDBMG=KB>:S!-FB!@L>G=D>B!J>ADBJ!=<!EB<BC;>!=<?=M;GB!GF;G!DACAJ=G:!<BGWACYJ!9BF;KB!

?=OOBCB<G>:!;G!?=OOBCB<G!DACB!J=XB!?=JGC=9LG=A<JT!;<?!GFB!?=OOBCB<MB!=<!J>ADBJ!9BGWBB<!GFB!GWA!

BVDBC=@B<GJ!=<?=M;GB!GF;G!GFB!DACBJ!<AG!A<>:!9BF;KB!?=OOBCB<G>:!;MCAJJ!GFB!DACAJ=G:!JDBMGCL@T!9LG!

;>JA!WFBCB!DACBJ!;CB!MA<<BMGB?!KBCJLJ!=JA>;GB?S!

!

"=ELCB!\SZ`S!2?B<G=M;>!J>ADBJ!KBCJLJ!K;C:=<E!J>ADBJ!=<!MA<GC;JG!@;GMFB?!BVDBC=@B<GJS!

! !
!

!
!

!
!

!
! ! !

!
! !

! !
!
!
!

! !
! !

!
!
! ! ! !

!!!

!
! !

!

! !

! !
!

!
!

!
! !

!
!

!

!
!

!
!

!
!

!
! ! ! ! ! ! ! ! !!!!

!!!!!!!!!!!!!
!

!
! ! ! ! ! !

! !
!
!!!

�(�5�0�ï���������F�P

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦�����������2�?�¦��������

I(
Q

) 
(c

m-1
)

! ! !
!

!
!

! !
! !

! !
! ! ! ! !

! ! !
! ! ! ! ! !

! ! !!
!
!
! !

!
! !

!
!
!

!

!

!

!

!

!

!!
! !

!
!

!
!

!
!

!
! ! ! !

! ! ! ! !!!!!!!!!!!!!!!!!!!!!!! !
!!!!! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! !

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:�������¦���������2�?�¦��������ERM-0011012

109

106

103

100

10-5 10-4 10-3

10-1

10-110-2

CM

�(�5�0�ï������

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

�(�5�0�ï�������ï�&�0

!"#$%&'

(#
!'"

#$
%

)*
'

$+�¦�� $+�¦�� $+�¦�� $+�¦�� $+�¦��

$++

$+��

$+,

$+-

$+����

�:���������¦���������2�?�¦��������
�:���������¦�����������2�?�¦��������

10-1

ERM-0561012

109

106

103

100

10-5 10-4 10-3 10-2 10-1

Q (•-1)Q (•-1)

CM



^\!
!

-FB!GFCBB!J;@D>BJ!GF;G!9B??=<E!D>;<B!D;C;>>B>!;<?!DBCDB<?=ML>;C!;<;>:JBJ!WBCB!DBCOAC@B?!

A<!?=?!<AG!JFAW!J=E<=O=M;<G!K;C=;G=A<J!=<!OC;MG;>!?=@B<J=A<;>=G:!?BDB<?B<G!A<!9B??=<E!D>;<B!

AC=B<G;G=A<!Q"=ELCB!\SZ]RS!5L=<=BC!;DDCAV=@;G=A<J!WBCB!M;>ML>;GB?!;J!J>ADBJ!OCA@!>AW(g!K;>LBJ!

=<!AC?BC!GA!DCAK=?B!=<DLGJ!=<GA!GFB!2#'4+!J=XB!?=JGC=9LG=A<!DCAEC;@S!!

H0!=@;E=<E!AO!GFB!)+4)!JM;GGBC=<E!KBMGAC!;G!GFB!]@!J;@D>B(GA(?BGBMGAC!?=JG;<MB!

B<F;<MBJ!K=JL;>!CBDCBJB<G;G=A<!AO!;<=JAGCAD=M!D;GGBC<J!=<!GFB!DACB!;CMF=GBMGLCB!Q"=ELCB!\SZaRS!-F=J!

CBDCBJB<G;G=A<!;>>AWJ!OAC!GFB!MF;C;MGBC=X;G=A<!AO!DACB!@ACDFA>AE:!;MCAJJ!J;@D>BJ!W=GF=<!GFB!

W;GBCJFB?S!%AJG!J;@D>BJ!BVF=9=GB?!=JAGCAD=M!JM;GGBC=<E!D;GGBC<JT!BK=?B<MB!AO!DCB?A@=<;<G>:!

JDFBCA=?;>!DACB!JF;DBJ!=<!GFB!<;<A(!GA!@=MCA@BGBC!JM;>B!C;<EBS!)BKBC;>!J;@D>BJT!FAWBKBC!Q'#%(

IZb(&ZT!(IHIT!(I\bT!(I]\T!(I]^T!(IbZT!(IbbT!(IcbR!BVF=9=GB?!;!C;<EB!AO!;<=JAGCAD=M!9BF;K=ACS!-F=J!

;<=JAGCAD=M!9BF;K=AC!JD;<J!M>LJGBCJ!+T!NT!;<?!_S!);@D>BJ!W=GF!;<=JAGCAD=M!JM;GGBC=<E!D;GGBC<J!

JFAWB?!;J!>=GG>B!;J!aZ}!=JAGCAD=M!9BF;K=AC!QW=GF!ZII}!9B=<E!OL>>:!=JAGCAD=M!s!JDFBC=M;>!=<!;>>!

?=CBMG=A<JR!Q"=ELCB!\SZaRS!!

&ACAJ=G:!;<?!JDBM=O=M!JLCO;MB!;CB;!Q))+R!=<!GFB!J;@D>BJ!WBCB!=<GBCDCBGB?!OCA@!;!-AG;>!

4A<(4BE;G=KB!,B;JG!)PL;CBJ!@BGFA?!Q-44,)R!AO!GFB!<BLGCA<!JM;GGBC=<E!?;G;!=<!GFB!2#'4+!

@;MCA!W=GF=<!GFB!25$#!DCAEC;@S!-F=J!@BGFA?!M;>ML>;GBJ!EC;?=B<GJ!LJ=<E!GFB!>B;JG!JPL;CBJ!

@BGFA?S!*BCG;=<!;JJL@DG=A<J!;CB!@;?B!W=GF=<!GFB!DCAEC;@!Q=SBS!?!! !HzD=hgm!;<?!JDFBC=M;>!DACB!

JF;DBRT!9LG!CBJL>GJ!;CB!MA<J=JGB<G!W=GF!J=@=>;C!DACB!J=XB!?=JGC=9LG=A<!;<;>:JBJT!JLMF!;J!GFB!

DA>:?=JDBCJB!F;C?!JDFBCB!@A?B>!Q#;?>=<JY=!BG!;>ST!HII]m!/=<?BT!HII]m!+<AK=GX!;<?!*A>BT!HIZ`m!

#;?>=<JY=T!HIIam!N;F;?LC!BG!;>ST!HIZ]m!5L!BG!;>ST!HIZ`m!5L!BG!;>ST!HIHIT!BGMSRS!&ACAJ=G:!;<?!))+!

K;>LBJ!M;>ML>;GB?!OCA@!GF=J!@A?B>!;KBC;EB!]SH}!;<?!\SZ!@#hET!CBJDBMG=KB>:!Q-;9>B!\SaRS!&>AGJ!

CBGC=BKB?!OCA@!GFB!2#'4+!JAOGW;CB!BK;>L;GB?!ML@L>;G=KB!?=JGC=9LG=A<J!OAC!))+!;<?!DACAJ=G:!9:!



^]!
!

DACB!J=XBJ!Q"=ELCBJ!\SZ^!;<?!\SZbRT!;>>AW=<E!OAC!=<GBCDCBG;G=A<J!GA!9B!@;?B!CBE;C?=<E!

MA<GC=9LG=A<J!GA!GFBJB!D;C;@BGBCJ!AKBC!K;C:=<E!DACB!?=;@BGBCJS! !

!

"=ELCB!\SZaS!2@;EBJ!AO!H0!)+4)!JM;GGBC=<E!KBMGACJS!-FBJB!=@;EBJ!=>>LJGC;GB!;<=JAGCAD:!AO!DACBJ!
;MCAJJ!CAMY!J;@D>BJS!*A>AC!=<?=M;GBJ!JM;GGBC=<E!=<GB<J=G:T!WFBCB!DLCD>B!=<?=M;GBJ!GFB!F=EFBJG!
JM;GGBC=<E!=<GB<J=G:!;<?!:B>>AW!=<?=M;GBJ!GFB!>AWBJG!JM;GGBC=<E!=<GB<J=G:S! !



^`!
!

-;9>B!\Sa1!&ACAJ=G:!;<?!)DBM=O=M!)LCO;MB!+CB;!Q))+R!?;G;!OCA@!<BLGCA<!JM;GGBC=<E!;<;>:JBJS!
!

!

!"#$%&'() *+,+-#./'012 334'05 6782

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

!"#$%&- .(/* /()
!"#$%&-$+, /(-* %(0
!"#$%&)$1& &2(%* &%(%
!"#$%&)$1/ 3(&* &&(%

!"#$%&)$1/$+, /(/* %(-
!"#$%/% /(.* &(3
!"#$%// 0('* &(2
!"#$%0& '()* 0(&
!"#$%0- 0(3* 2(/
!"#$%0' /(2* 0(%
!"#$%0) /(.* '()
!"#$%02 0(/* 3(/
!"#$%-0 &('* %(3

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

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

!"#$%.. .(&* 3(.
!"#$%.' .(0* )(.

!"#$%.'$+, &(.* %(-
!"#$%'3$1& -(/* 0(.
!"#$%'3$1/ -(/* '(2

!"#$%'3$1/$+, &(3* %(0
!"#$%') -(&* -(%

!"#$%3/$1& -(/* 0(2
!"#$%3/$1&$+, &(-* %(.

!"#$%3/$1/ -(0* .(%
!"#$%3/$1/$+, &(3* %(-

!"#$%33 '(/* -(2
!"#$%3) .('* &(3
!"#$%)% '(0* 0(0

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

!"#$%)&$+, /('* %(-
!"#$%)0$1/ 3(-* 0(2

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

!"#$%))$+, 0(3* %()
!"#$%)2 &(2* %('

!"#$%)2$+, %(.* %(&
!"#$%2) .(-* &(3

!"#$%2)$+, %()* %(0
!"#$&%& -(2* 0(2



^a!
!

!

"=ELCB!\SZ^S!&ACB!J=XB!?=JGC=9LG=A<!EC;DFJ!OAC!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!QZhHRS!



^^!
!

!

"=ELCB!\SZbS!&ACB!J=XB!?=JGC=9LG=A<!EC;DFJ!OAC!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!QHhHRS!



^b!
!

9"L!E1'+0''1.-!

-FB!EA;>!AO!GF=J!JGL?:!W;J!GA!=?B<G=O:!FAW!GFB!DACB!<BGWACYJ!AO!';JG!#=KBC!%;<MAJ!)F;>B!

J;@D>BJ!K;C=B?!A<!GFB!<;<A(!GA!@=MCA@BGBC!JM;>BS!.B!?=?!GF=J!9:!MA@D;C=<E!;<;>:G=M;>!@BGFA?JT!

MF;C;MGBC=X=<E!GFB!MA<<BMGB?!;<?!<A<(MA<<BMGB?!DACB!;CMF=GBMGLCB!;<?!@ACDFA>AE:T!;<?!

BK;>L;G=<E!9B??=<E!D>;<B!AC=B<G;G=A<!MA<GCA>J!A<!DACB!<BGWACYJ!JD;G=;>>:!GFCALEFALG!GFB!'#8!

W;GBCJFB?S!-F=J!DACB!<BGWACY!BK;>L;G=A<!MF;C;MGBC=XBJ!FAW!O>L=?!M;<!@AKB!GFCALEF!GFB!J:JGB@T!

MFB@=M;>>:!=<GBC;MG=<E!W=GF!GFB!CAMY!;<?!MA<GC=9LG=<E!@A9=>B!JA>LGBJ!GA!GFB!W;GBCJFB?S!+J!

MFB@=M;>>:!CB;MG=KB!JLCO;MBJ!;<?!DACAJ=G:!=<MCB;JBJT!GFB!MA<GC=9LG=A<!AO!JA>LGBJ!JLMF!;J!M;>M=L@T!

<=GCAEB<T!;<?!AGFBC!9=A>AE=M;>>:!MC=G=M;>!MA@DA<B<GJ!GA!GFB!BMA>AE=M;>>:!;MMBJJ=9>B!J:JGB@!M;<!

;>JA!=<MCB;JBS!6<?BCJG;<?=<E!FAW!GFB!@=MCAJM;>B!DACB!JGCLMGLCB!9BF;KBJ!=<O>LB<MBJ!DCB?=MG=A<J!AO!

FAW!MFB@=M;>!WB;GFBC=<E!=@DC=<GJ!LDA<!@;MCAJM;>B!W;GBCJFB?!9BF;K=ACJS!.B!=?B<G=O:!FBCB!FAW!

GFBJB!@=MCA(MF;C;MGBC=JG=MJ!>=<Y!GA!W;GBCJFB?!DCAMBJJBJS!!

2*'!%/'.)8(1.-!I3)'0'!H30().-!=+*((3)1-5!:3(;./'!

4=GCAEB<!E;J!;?JACDG=A<!=J!;!WB>>(Y<AW<!@BGFA?!LG=>=XB?!OAC!PL;<G=O:=<E!JLCO;MB!;CB;!AO!

D;CG=M>BJ!W=GF!JDBM=O=M!JLCO;MB!;CB;!C;<EBJ!OCA@!ISZ!s!ZIII!@#hES!$<B!;JJL@DG=A<!AO!GFB!@BGFA?!

=J!GF;G!=G!;>>!JLCO;MB!;CB;!;<?!DACAJ=G:!M;<!9B!M;>ML>;GB?!OCA@!MCLJFB?!J;@D>B!@;GBC=;>T!

B>=@=<;G=<E!?=OOBCB<G=;G=A<!AO!GFBJB!K;>LBJ!OCA@!L<MA<<BMGB?!KBCJLJ!MA<<BMGB?!DACB!<BGWACYJ!;<?!

MFB@=M;>>:!CB;MG=KB!JLCO;MBJS!,AAY=<E!;G!?;G;!OCA@!;=C!MB>>!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJT!WFBCB!

J;@D>BJ!;CB!CBO>BMG=KB!AO!=<(J=GL!AO!CAMY!JGCLMGLCBT!WB!BVDBMG!GA!JBB!J=@=>;C!CBJL>GJ!AO!))+!;<?!

DACAJ=G:!;J!OCA@!<=GCAEB<!E;J!;?JACDG=A<T!;J!9AGF!@BGFA?J!?=JCBE;C?!MA<<BMG=K=G:!;J!;!OL<MG=A<!AO!

DACB!J=XB!;<?!D;CG=M>B!JLCO;MB!Q-;9>B!\S^RS!!

! !



^c!
!

-;9>B!\S^S!5;J!;?JACDG=A<!;<?!<BLGCA<!JM;GGBC=<E!;<;>:JBJ!OAC!DACAJ=G:!;<?!))+S!!
z!=<?=M;GBJ!J;@D>BJ!OAC!WF=MF!<BLGCA<!JM;GGBC=<E!?;G;!W;J!;KBC;EB?!;MCAJJ!9B??=<E!D>;<BJS!
!

!

"AC!DACAJ=G:T!WB!JBB!;!O;=C>:!JGCA<E!MACCB>;G=A<!9BGWBB<!K;>LBJ!M;>ML>;GB?!OCA@!<BLGCA<!

JM;GGBC=<E!BVDBC=@B<GJ!;<?!E;J!;?JACDG=A<!Q"=ELCB!\SZc;T!-;9>B!\S^RS!);@D>BJ!;<;>:XB?!GFCALEF!

<BLGCA<!JM;GGBC=<E!@BGFA?J!JFAWT!A<!;KBC;EB!rZ}!F=EFBC!DACAJ=G:!GF;<!OCA@!E;J!;?JACDG=A<!

@BGFA?JS!-F=J!?;G;!@;YBJ!JB<JB!?LB!GA!GFB!<BLGCA<!9B;@jJ!;9=>=G:!GA!;<;>:XB!<;<ADACBJ!W=GF=<!

D;CG=M>BJ!;<?!ACE;<=M!@;GGBC!GF;G!<=GCAEB<!@A>BML>BJ!@;:!<AG!9B!;9>B!GA!DB<BGC;GBS!&ACAJ=G:!

M;>ML>;GB?!OCA@!<BLGCA<!JM;GGBC=<E!W;J!A<>:!>AWBC!GF;<!E;J!;?JACDG=A<!ALGJ=?B!GFB!=<JGCL@B<G!;<?!

@A?B>!@;CE=<!AO!BCCAC!=<!GWA!J;@D>BJS!'#%(IZ]!;<?!'#%(I^H!DACAJ=G:!K;>LBJ!WBCB!M;>ML>;GB?!

;J!IS^}!;<?!ISa}!>BJJ!=<!<BLGCA<!JM;GGBC=<E!@BGFA?J!GF;<!=<!E;J!;?JACDG=A<T!CBJDBMG=KB>:S!"CA@!

DACB!J=XB!?=JGC=9LG=A<!;<;>:JBJT!A<>:!K;>LBJ!ECB;GBC!GF;<!`I!<@!WBCB!MA<J=?BCB?!=<!GF=J!!

!"#$%&'()
* +',-./012#/"'

33,'45 +678

*&%20/"'39:22&0#"7
33,'45 +678

* +',-./012#/"'
;/0/.#2<'4=8

*&%20/"'39:22&0#"7
;/0/.#2<'4=8

!"#$%%& &'()' &(* +(), *(-,
!"#$%&+ &%(+) .(- /(0, /(.,
!"#$%.% &(&0 &() &(+, .(/,
!"#$%'& &%(-0 '(& '(*, *(-,
!"#$%'+ &%(.. 0(. '(0, '(),
!"#$%'* .(&0 '(% .(&, .(0,
!"#$%'- *(.* *(- .(/, .(/,
!"#$%'0 +(/* )(. '(&, '(.,
!"#$%+) .('. .(% &(*, .(-,
!"#$%/%1 /(0) '(+ +(%, /(/,
!"#$%*)12 &.(&. /(. +(+, +(.,
!"#$%*- &%(&/ +(% +(., +(&,

!"#$%).12 0('' +(/ +(0, +(',
!"#$%-% -(-% '(' +(/, *(',
!"#$%-& &%(-/ '(* +(., *(.,
!"#$%-' &'(%) '(0 +(*, )(+,
!"#$%-- &'(-+ '(/ /(%, )(*,
!"#$%-0 &(00 %(* &(+, &(0,
!"#$%0- .'(%. &() '(), /(+,
!"#$&%& .(&& '(0 &(-, +(0,



bI!
!

!

"=ELCB!\SZcS!&ACAJ=G:!;<?!))+!@BGFA?J!MA@D;C=JA<T!WFBCB!;R!MCAJJ!D>AG!AO!E;J!;?JACDG=A<!;<?!
<BLGCA<!JM;GGBC=<E!DACAJ=G:!?;G;!;<?!9R!MCAJJ!D>AG!AO!E;J!;?JACDG=A<!;<?!<BLGCA<!JM;GGBC=<E!))+!
?;G;S!

!

M;>ML>;G=A<!?LB!GA!L<MBCG;=<G=BJ!=<!@A?B>!9BF;K=AC!9B>AW!GFBJB!K;>LBJ!OAC!GF=J!D;CG=ML>;C!J;@D>BS!

-FB!F=EFBC!DACAJ=G:!K;>LB!OCA@!E;J!;?JACDG=A<!>B;?J!GA!GFB!=<GBCDCBG;G=A<!GF;G!GFBCB!;CB!J=E<=O=M;<G!

DACB!MA<GC=9LG=A<J!OCA@!GFB!x!`I!<@!C;<EBT!;<?!OLCGFBC!;?eLJG@B<GJ!GA!GFB!2#'4+!@A?B>!=<DLGJ!

OAC!DACB!J=XB!?=JGC=9LG=A<J!GA!=@DCAKB!GFB!=<GBCDCBG;G=A<J!;G!>AW!DACB!?=@B<J=A<J!OAC!GF=J!J;@D>B!

WAL>?!=@DCAKB!GFB!DACAJ=G:!O=GS!'#%(I^H!K;>LBJ!OCA@!GFB!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!;CB!

;KBC;EB?!AKBC!GFB!GWA!9B??=<E!D>;<B!?=CBMG=A<JT!9LG!K;>LBJ!WBCB!MA<J=JGB<G!Q]SH}!;<?!]S\}RS!!

)DBM=O=M!JLCO;MB!;CB;!K;>LBJ!OCA@!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!;<?!E;J!;?JACDG=A<!

JFAW!>BJJ!MACCB>;G=A<!GF;<!GFB!DACAJ=G:!M;>ML>;G=A<J!Q"=ELCB!\SZc9!;<?!-;9>B!\S^RS!4=<B!AO!GFB!HI!

J;@D>BJ!OAC!WF=MF!))+!W;J!M;>ML>;GB?!OCA@!E;J!;?JACDG=A<!;<?!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!

JFAW!J=@=>;C!K;>LBJ!Q|!ZSI!@#hERT!=@D>:=<E!GF;G!?;G;!MA>>BMGB?!OCA@!<BLGCA<!JM;GGBC=<E!;<?!E;J!

;?JACDG=A<!@B;JLCB!GFB!J;@B!>B<EGF!JM;>BS!-FB!AGFBC!ZZ!J;@D>BJT!FAWBKBCT!;>>!BVF=9=G!@LMF!

>AWBC!))+!K;>LBJ!QLD!GA!HZS\!@#hER!M;>ML>;GB?!OCA@!GFB!<BLGCA<!JM;GGBC=<E!?;G;!KBCJLJ!E;J!

;?JACDG=A<S!-FBCB!;CB!JBKBC;>!BVD>;<;G=A<J!OAC!WF:!GF=J!MAL>?!9B!GFB!M;JBS!-FB!O=CJG!DAJJ=9>B!

!

!

!

!

!

!

!

!

!

!

!!
!

!!

!
!

!

!

!

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

!"
!!

!"
!#

!"
!$

!"
!%

!"
!&

Porosity

' # ()*+,-./+012+,+*/.31456

'7
8.

,+
01

9
:;.

.7
,/0

<1
2+

,+
*/

.3
14

56

31=1!">$1?1@1!"!A

,# = !"BA

!

!
!

!

!

!

!!

!

!

!

!
!

! ! ! !

!
!

!

! B A! AB #! #B

!
B

A
!

A
B

#!
#B

Specific Surface Area

' # ()*+,-./+0199(14C #D<6

'7
8.

,+
01

9
:;.

.7
,/0

<1
9

9
(1

4C
# D

<6

31=1!"!!AA1?1@1E"F$

,# GG1!"!A

a. b.



bZ!
!

BVD>;<;G=A<!=J!GF;G!?LC=<E!J;@D>B!DCBD;C;G=A<!OAC!GFB!E;J!;?JACDG=A<!J;@D>BJT!JA@B!;@AL<G!AO!

A9>=PLB!DCBJJLCB!W;J!=<?LMB?!A<!GFB!J;@D>B!DAW?BCJT!MCB;G=<E!;CG=O=M=;>!JLCO;MB!;CB;!A<!D;CG=M>BJS!

*;CBOL>!J;@D>B!DCBD;C;G=A<J!WBCB!MA<?LMGB?!GA!;KA=?!GF=JT!9LG!GFBCB!=J!;>W;:J!GFB!C=JY!AO!

=<?LM=<E!F=EFBC!JLCO;MB!;CB;!DCBJJLCBJ!A<!J;@D>BJ!GFCALEF!@;<L;>!DCBD;C;G=A<S!%ACB!>=YB>:T!GFB!

F=EFBC!))+!K;>LBJ!AO!E;J!;?JACDG=A<!@B;JLCB@B<GJ!JLEEBJGJ!GF;G!=G!=J!@B;JLC=<E!JLCO;MB!;CB;!AO!

D;CG=M>BJ!GF;G!;CB!<AG!<;GLC;>>:!;?e;MB<G!GA!DACB!JD;MB!=<!L<9CAYB<!J;@D>BJS!*A<MBDGL;>>:T!E;J!

;?JACDG=A<!=J!@B;JLC=<E!GFB!JDBM=O=M!JLCO;MB!;CB;!AO!;>>!AO!GFB!D;CG=M>BJ!=<!;!CAMY!J;@D>B!s!

CBE;C?>BJJ!AO!GFB=C!;?e;MB<M:!GA!DACB!JD;MB!WFBCB!O>L=?J!MAL>?!=<GBC;MG!W=GF!GFB!JLCO;MBS!NBM;LJB!

<BLGCA<!JM;GGBC=<E!@B;JLCBJ!=<(J=GL!))+T!=G!=J!CBO>BMG=KB!AO!GFB!MA<GC;JG!9BGWBB<!DACB!JD;MB!;<?!

CAMY!s!=?B<G=O:=<E!A<>:!GFB!MA<GC;JG!9AL<?;C=BJ!;G!GFB!CAMY(DACB!=<GBCO;MBS!-FALEF!=<GBCD;CG=M>B!

DACB!JD;MB!=J!JG=>>!@B;JLCB?!OCA@!<BLGCA<!JM;GGBC=<ET!<A<(;MMBJJ=9>B!=<GBCD;CG=M>B!9AL<?;C=BJ!JLMF!

;J!MB@B<GB?!@=MCA(OC;MGLCBJ!;<?!EC;=<(EC;=<!9AL<?;C=BJ!@;:!9B!;MMBJJB?!GFCALEF!MCLJF=<E!GFB!

J;@D>BJ!=<!DCBD;C;G=A<!OAC!GFB!E;J!;?JACDG=A<!@B;JLCB@B<GJS!-FB!J@;>>BC!K;>LBJ!AO!))+!=<!GFB!

<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!DCAK=?B!BK=?B<MB!OAC!CB;MG=KB!JLCO;MB!;CB;!GF;G!=J!;K;=>;9>B!OAC!

O>L=?!=<O=>GC;G=A<S!.FB<!GC:=<E!GA!?BGBC@=<B!JLCO;MB!;CB;!=@DACG;<G!OAC!O>L=?!?:<;@=M!DCAMBJJBJ!;G!

GFB!<;<A(@=MCA@BGBC!JM;>BT!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!@;:!9B!@ACB!CB>=;9>B!GF;<!E;J!

;?JACDG=A<!;<;>:JBJS!

F3().5)*8;<!*-/!H30().-!=+*((3)1-5!

&BGCAEC;DF:!W;J!DBCOAC@B?!A<!GFB!J;@D>BJ!GA!=?B<G=O:!K=JL;>!MACCB>;G=A<J!AO!DACB!

@ACDFA>AE:!;<?!@B;JLCB@B<GJ!MA>>BMGB?!OCA@!<BLGCA<!JM;GGBC=<ES!-FB!=?B;!FBCB!=J!GF;G!DACB!

;<=JAGCAD:!=>>LJGC;GB?!OCA@!H0!)+4)!=@;E=<E!WAL>?!>=<Y!W=GF!=@;E=<E!?A<B!A<!GFB!CAMY!O;9C=M!

;G!<;<A(!Q)'%R!;<?!@=MCA(!QGF=<!JBMG=A<R!JM;>BJS!"AC!M>;C=G:T!GFB!OA>>AW=<E!?=JMLJJ=A<!OAMLJBJ!A<!



bH!
!

J;@D>BJ!GF;G!=>>LJGC;GB?!;<=JAGCAD=M!9BF;K=AC!=<!H0!)+4)!=@;E=<E!Q'#%(IZb(&ZT!(IHIT!(I\bT!(

I]\T!(I]^T!(IbZT!(IbbT!(IcbRS!

'#%(IZb(&ZT!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!OAC;@=<=OBC!DB>A=?!W;MYBJGA<BT!

CBG;=<B?!M;>M=GB!MB@B<GB?!OC;MGLCBJ!JFAW=<E!GWA!?=JG=<MG!AC=B<G;G=A<!D>;<BJ1!;>A<E!9B??=<E!D>;<BJ!

;<?!DBCDB<?=ML>;C!GA!9B??=<E!Q"=ELCB!\SaRS!-FB!ACE;<=M!@;GGBC!DCBJB<G!=<!GFBJB!=@;EBJ!JFAWJ!

DB>A=?(FAJGB?!9=GL@B<!;<?!JG:>A>=GBJ!;CB!DCBJB<G!CBO>BMG=<E!BK=?B<MB!AO!DCBJJLCB!?=JJA>LG=A<!

MA<?=G=A<J!Q"=ELCB!\SZIRS!*>;:!AKBCECAWGFJ!;CB!DCBK;>B<G!GFCALEFALG!GFB!J;@D>B!;J!;LGF=EB<=M!

CBMC:JG;>>=X;G=A<T!?BKB>AD=<E!JBMA<?;C:!D>;<BJ!AO!WB;Y<BJJS!-FB!DACAJ=G:!;J!M;>ML>;GB?!OCA@!GFB!

<BLGCA<!JM;GGBC=<E!BVDBC=@B<G!A<!GF=J!J;@D>B!W;J!O;=C>:!F=EF!;G!ZcSI}T!;J!MA@D;CB?!GA!^SZ}!=<!

GFB!MACCBJDA<?=<E!&H!J;@D>BS!-FB!O=JJ=>B!D;CG=<EJ!;<?!D;CG=;>>:!MB@B<GB?!OC;MGLCBJ!DCBJB<G!=<!GFB!

MCAJJ(JBMG=A<;>!K=BW!AO!GFB!CAMY!=<?=M;GB!GF;G!GFBCB!;CB!@;eAC!WB;Y<BJJ!D>;<BJ!;<?!>=YB>:!GFB!

=<MCB;JB?!DACAJ=G:!K;>LBJ!;CB!AKBCBJG=@;G=A<J!AO!WFA>B!CAMY!9BF;K=AC!;<?!MA<GC=9LGB?!GA!GFB!

;<=JAGCAD=M!9BF;K=AC!AO!GFB!DACB!<BGWACY!;>A<E!GF=J!AC=B<G;G=A<S!-FB!))+!M;>ML>;GB?!OCA@!GFB!

J;@B!BVDBC=@B<G!W;J!MA<J=JGB<G!9BGWBB<!9AGF!9B??=<E!D>;<B!D;C;>>B>!;<?!DBCDB<?=ML>;C!J;@D>BJ!

QZZSI!;<?!ZISI!@#hET!CBJDBMG=KB>:RS!-FB!=<MCB;JB?!DACAJ=G:!9LG!J=@=>;C!))+!K;>LBJ!=<?=M;GB!GF;G!

GFALEF!AC=B<G;G=A<!AO!GFB!J;@D>B!@;:!=<O>LB<MB!DACB!<BGWACYJT!DAGB<G=;>!CB;MG=KB!JLCO;MBJ!?A!<AG!

K;C:S!

'#%(IHIT!=?B<G=O=B?!K=JL;>>:!;J!;!OC;MGLCB?T!9=AGLC9;GB?!DB>A=?;>!OAC;@!M;>M;CBALJ!

M>;:JGA<BT!=@D>=BJ!>AWBC!DACAJ=G:!DBCMB<G;EBJ!?LB!GA!=<MCB;JB?!M>;:!MA<GB<GT!?BDB<?=<E!A<!GFB!

>BKB>!AO!OC;MGLCB(O=>>!Q"=ELCBJ!\Sa!;<?!\SZZRS!2G!W;J!<AGB?!GF;G!GFBCB!=J!JA@B!ADB<!OC;MGLCB!DACAJ=G:!

K=J=9>B!W=GF!=@;E=<ET!9LG!@AJG!WBCB!M;>M=GB!MB@B<GB?S!-FB!F=EF!M>;:!MA<GB<G!?BMCB;JBJ!DACAJ=G:!

;J!=<GBCDCBGB?!OCA@!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!QHS`}RT!;<?!=G!=J!>=YB>:!GF;G!GFB!>=GG>B!DACAJ=G:!

GF;G!=J!CBG;=<B?!W=GF=<!GFB!J;@D>B!=J!MA<MB<GC;GB?!=<!GFB!ADB<!OC;MGLCBJT!>B;?=<E!GA!GFB!;<=JAGCAD=M!



b\!
!

J=E<;GLCB!AO!GFB!)+4)!=@;E=<ES!))+!=J!>AW!QZS^!@#hERT!=<?=M;G=<E!GF;G!GFB!DACBJ!MA<GC=9LG=<E!GA!

GFB!GAG;>!J;@D>B!DACAJ=G:!;CB!>=YB>:!>;CEBC!Q€@(JM;>BR!;<?!<AG!BVM>LJ=KB>:!M>;:(FAJGB?T!JLEEBJG=<E!

GF;G!OC;MGLCBJ!;CB!?A@=<;G=<E!GFB!DACB!<BGWACY!=<!GF=J!J;@D>BS!)=@=>;C!D;GGBC<J!;CB!JBB<!=<!'#%(

I]\!;<?!'#%(I]^T!WF=MF!;CB!9=AGLC9;GB?!DB>A=?!OAC;@=<=OBC!W;MYBJGA<BJ!W=GF!>AW!DACAJ=G:!

QZSa}!;<?!HSb}T!CBJDBMG=KB>:R!;<?!KBC:!>AW!))+!QIS^@#hE!;<?!HSI!@#hET!CBJDBMG=KB>:RS!!-FBCB!;CB!

<AG=MB;9>B!9B??=<E!D>;<B!AC=B<G;G=A<J!=<!9AGF!J;@D>BJ!@;CYB?!9:!MA@D;MGB?!DB>A=?JS!

'#%(I\b!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(C=MF!DB>A=?;>!J=>G:!;CE=>>;MBALJ!W;MYBJGA<B!W=GF!

>AW!DACAJ=G:!QHS`}R!;<?!@A?BC;GB!))+!QaSb!@#hERS!-FB!))+!K;>LB!=J!>AWBC!GF;<!;!G:D=M;>!JF;>B!

J;@D>B!QrZ`(\I!@#hERT!9LG!F=EFBC!GF;<!GFB!;KBC;EB!?;G;JBG!))+!M;>ML>;GB?!OCA@!<BLGCA<!

JM;GGBC=<ES!&CBOBCB<G=;>>:!AC=B<GB?!M>;:!@=<BC;>J!BVD>;=<!))+!K;>LBJT!>AW!DACAJ=G:T!;<?!DACB!

;<=JAGCAD:S!

!'#%(IbZ!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!OAC;@=<=OBC!DB>A=?!;CE=>>;MBALJ!

W;MYBJGA<B!WF=MF!JFAWJ!BK=?B<MB!AO!YBCAEB<!JGC=<EBCJ!W=GF!JLCCAL<?=<E!;LGF=EB<=M!M>;:!

@=<BC;>J!;<?!?BGC=G;>!J=>G(J=XB?!EC;=<J!AO!PL;CGX!;<?!D;CG=;>>:!;>GBCB?!Y(OB>?JD;CS!5C;=<!?=JJA>LG=A<!

;<?!ACE;<=M!@;GGBC!FAJGB?!DACAJ=G:!F;J!>B?!GA!=<MCB;JB?!GAG;>!DACAJ=G:!QaSH}R!;<?!K;C=;9>B!

@=<BC;>AE:!F;J!>B?!GA!;!@A?BC;GB!))+!Q\Sa!@#hERS!'#%(Ibb!F;J!J=@=>;C!DACAJ=G:!;<?!))+!K;>LBJ!

Q^Sa}!;<?!\S`!@#hET!CBJDBMG=KB>:R!;<?!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!;CE=>>;MBALJ!J=>G:!

DB>A=?!W;MYBJGA<B!GA!@L?(?A@=<;GB?!D;MYJGA<BS!-F=J!J;@D>B!JFAWJ!J=>=M=M>;JG=M!J=>G!;<?!M>;:!

W=GF!JA@B!KBC:!O=<B(EC;=<B?!PL;CGX!J;<?T!@=MC=GBT!;<?!?BGC=G;>!ACE;<=M!@;GGBCS!"C;MGLCBJ!;CB!

M;>M=GB!MB@B<GB?!W=GF!JM;GGBCB?!D:C=GB!MC:JG;>JS!'#%(Icb!=J!;!9=AGLC9;GB?!ACE;<=M!@;GGBC(9B;C=<E!

M;>M;CBALJ!J=>GJGA<B!W=GF!JM;GGBCB?!OAJJ=>!OC;E@B<GJ!;<?!;!DACAJ=G:!AO!`S]}!;<?!))+!AO!ZS^!@#hES!

-FBJB!J;@D>BJ!;>>!JFAW!@A?BC;GB>:!;<=JAGCAD=M!JM;GGBC=<E!KBMGACJT!;JJAM=;GB?!W=GF!GFB=C!9B??=<E!

D>;<B!AC=B<G;G=A<S!!



b]!
!

F.)3!>.--3+(1I1(<!

"=OGBB<!CAMY!J;@D>BJ!L<?BCWB<G!9AGF!;=C!MB>>!;<?!MA<GC;JG!@;GMFB?!BVDBC=@B<G;>!;<;>:JBJ!

=<!AC?BC!GA!?BGBC@=<B!MA<<BMGB?!DACAJ=G:S!-FB!;=C!MB>>!BVDBC=@B<GJ!@B;JLCB?!;>>!DACBJ!=<!GFB!

J;@D>BT!WF=>B!MA<GC;JG!@;GMFB?!J;@D>BJ!A<>:!@B;JLCB?!DACBJ!GF;G!WBCB!L<MA<<BMGB?!OCA@!GFB!

DACB!<BGWACYS!2<!GFBJB!?L;>!BVDBC=@B<GJT!';JG!#=KBC!J;@D>BJ!F;?!;!GAG;>!DACAJ=G:!C;<E=<E!OCA@!

ZSa}!GA!^Sa}!;<?!MA<<BMGB?!DACAJ=G:!QDACB!JD;MB!;K;=>;9>B!OAC!O>L=?!GC;<JDACGR!C;<E=<E!OCA@!

IS]}!(!`Sa}!Q-;9>B!\SbRS!.FB<!MA@D;CB?!GA!GAG;>!DACAJ=G:!K;>LBJT!OALC!J;@D>BJ!F;?!x`I}!

MA<<BMGB?!DACBJT!JBKB<!J;@D>BJ!F;KB!9BGWBB<!`I!s!^I}!MA<<BMGB?!DACBJT!;<?!GFB!CB@;=<=<E!OALC!

J;@D>BJ!F;KB!u^I}!MA<<BMGB?!DACBJS!!

-;9>B!\SbS!&ACB!MA<<BMG=K=G:!?;G;!OCA@!<BLGCA<!JM;GGBC=<E!MA<GC;JG!@;GMF=<E!;<?!?C:!MB>>!
BVDBC=@B<GJ!!
!

!

R3//1-5!F4*-3!F.).'1(<!

-FCBB!<BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!WBCB!DCBD;CB?!OAC!CAMYJ!GF;G!F;?!?=JG=<EL=JF;9>B!

9B??=<E!D>;<BJS!-F=MY!JBMG=A<J!WBCB!DCBD;CB?!;J!9B??=<E!D>;<B!D;C;>>B>!Q&ZR!;<?!DBCDB<?=ML>;C!

Q&HR!J;@D>BJ!OAC!'#%(IZbT!'#%(Ia^T!;<?!'#%(I^HS!-AG;>!DACAJ=G:!OAC!'#%(Ia^!;<?!'#%(

I^H!WBCB!<B;C>:!=?B<G=M;>!;MCAJJ!9B??=<E!D>;<B!AC=B<G;G=A<JT!=@D>:=<E!GF;G!B;MF!AO!GFBJB!CAMYJT!;J!

!"#$%&'()
*+,-.'/+0+1#,2

345
6+""&7,&8'/+0+1#,2

345
6+""&7,&8'/+0&1

99:'3; <=>5

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

!"#$%&)$.+ /(&* ,(0* &%('
!"#$%,1 &('* %(,* %(-
!"#$%,/ +()* &(&* &()
!"#$%-' -(1* 1()* )(&

!"#$%'/$.+ ,(+* +(-* '('
!"#$%/+$.& ,(+* +()* 1(,
!"#$%/+$.+ ,(1* +('* ,('

!"#$%)% '(1* +('* +(0
!"#$%)& '(+* 1('* 1(+

!"#$%)1$.+ /(,* -('* 1(-
!"#$%)) /('* 1(0* +(/
!"#$%)0 &(0* &(,* %(-
!"#$%0) -(,* ,(/* &(,



b`!
!

;!WFA>BT!?A!<AG!F;KB!AC=B<G;G=A<(?BDB<?B<G!O>L=?!D;GFW;:J!Q-;9>B!\ScRS!'#%(IZbT!FAWBKBCT!F;J!

;!JGCA<E!DACAJ=G:(AC=B<G;G=A<!?BDB<?B<MBT!W=GF!ZcSI}!DACAJ=G:!D;C;>>B>!GA!9B??=<E!D>;<BJ!;<?!

^SZ}!DBCDB<?=ML>;C!GA!9B??=<E!D>;<BJS!-F=J!?=JMCBD;<M:!=<!K;>LBJ!OAC!'#%(I^H!=@D>=BJ!GF;G!

GFBCB!;CB!MA<GCA>>=<E!OC;MGLCBh9B??=<E!OB;GLCBJ!GF;G!J=E<=O=M;<G>:!=<MCB;JB!GFB!DACAJ=G:!=<!9B??=<E(

D;C;>>B>!D>;<BJT!M;LJ=<E!DCBOBCB<G=;>!O>L=?!@AKB@B<GS!-FBJB!?=JMCBD;<M=BJ!MA<GCA>>=<E!F:?CA>AE=M!

D;GFW;:J!M;<!9B!MC=G=M;>!GA!MFB@=M;>!WB;GFBC=<E!C;GBJT!?BDB<?=<E!A<!GFB!=<O=>GC;G=A<!AO!O>L=?J!=<GA!

GFB!J:JGB@S!*A<<BMGB?!DACAJ=G:!W;J!A<>:!@B;JLCB?!=<!9AGF!AC=B<G;G=A<J!OAC!'#%(I^HT!;<?!CBJL>GJ!

=<?=M;GB!GF;G!GFBCB!=J!>=GG>B!K;C=;G=A<!=<!GFB!;@AL<G!AO!MA<<BMGB?!DACBJ!!

-;9>B!\Sc1!NB??=<E!D>;<B!AC=B<G;GB?!DACB!MA<<BMG=K=G:!?;G;!OCA@!<BLGCA<!JM;GGBC=<E!MA<GC;JG!
@;GMF=<E!;<?!?C:!MB>>!BVDBC=@B<GJS!
!

!

"AC!;>>!GFCBB!J;@D>BJT!))+!W;J!@B;JLCB?!GA!9B!<A@=<;>>:!F=EFBC!=<!GFB!BVDBC=@B<GJ!GF;G!

WBCB!MA<?LMGB?!DBCDB<?=ML>;C!GA!9B??=<E!D>;<BJ!QZSI!s!\S]!@#hE!F=EFBCRS!2G!=J!DAJJ=9>B!GF;G!WFB<!

>AAY=<E!?AW<!GFB!D>;<;C!;V=J!AO!;!9B??=<E!>;:BCT!GFB!<BLGCA<!9B;@J!;CB!@B;JLC=<E!))+!A<!

B>A<E;GB?!M>;:!D;CG=M>BJT!=<MCB;J=<E!GFB=C!K;>LBJT!WF=>B!@B;JLC=<E!MCAJJ(JBMG=A<;>!?=;@BGBC!AO!

M>;:J!=<!GFB!9B??=<E(D;C;>>B>!BVDBC=@B<GJ!?BMCB;JBJ!GFB!))+!K;>LBJS!0BDB<?=<E!A<!GFB!DLCDAJB!

AO!MA>>BMG=<E!))+!@B;JLCB@B<GJT!=G!@;:!9B!LJBOL>!GA!<AC@;>=XB!9AGF!?=CBMG=A<J!9:!D;CG=M>B!J=XBJ!

GA!?BKB>AD!;<!BOOBMG=KB!))+!OAC!GFB!CAMYS!%A?B>J!?BJMC=9=<E!O>L=?!@AKB@B<G!=<!;!JDBM=O=M!

?=CBMG=A<T!FAWBKBCT!@;:!O=<?!LJB!=<!GFB!?=CBMG=A<(AC=B<GB?!K;>LBJS!!

!"#$%&'()
*+,-.'/+0+1#,2

345
6+""&7,&8'/+0+1#,2

345
*+,-.'99:

3; <=>5

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

!"#$%/-$(& .*,+ 0*1
!"#$%/-$(, .*,+ ,*1+ /*)

!"#$%-,$(& .*,+ ,*'+ 0*)
!"#$%-,$(, .*0+ ,*/+ 1*%



ba!
!

?*'(!D1I3)!>40'(3)'!S1(;!:1+).'+*43!A3*(0)3'!!

);@D>BJ!=<!M>LJGBCJ!+h_!F;KB!;<!;KBC;EB!DACAJ=G:!AO!\S`}!;<?!))+!AO!\Sb!@#hE!Q"=ELCB!

\SHI;RS!-FBJB!J;@D>BJ!;CB!MA<MB<GC;GB?!A<!GFB!<ACGFWBJGBC<!;<?!WBJGBC<!JGCBGMFBJ!AO!GFB!

W;GBCJFB?T!;J!WB>>!;J!A<B!J;@D>B!WF=MF!=J!>AM;GB?!=<!GFB!W;GBCJFB?!B<MA@D;JJ=<E!GFB!)>;GB!#=KBC!

GA!GFB!WBJG!Q"=ELCB!\SHI9RS!)BKBC;>!AO!GFBJB!J;@D>BJ!JD;G=;>>:!;?eA=<!GFB!*ADDBC!*CBBY!)=>>!WF=MF!

OAC@J!*ADDBC!;<?!.F=GB!#AMY!%AL<G;=<JS!);@D>BJ!=<!M>LJGBC!N!F;KB!;<!;KBC;EB!DACAJ=G:!AO!

`Sc}!;<?!))+!AO!`S]!@#hES!-FBJB!J;@D>BJ!JD;G=;>>:!M>LJGBC!<B;C!GFB!MB<GBC!AO!GFB!';JG!#=KBC!

JBMG=A<!=<!GFB!JGL?:!;CB;T!MA<MB<GC;GB?!;>A<E!GFB!W;GBCJFB?!MACC=?AC!9BGWBB<!5AGF=M!;<?!

)<A?EC;JJ!%AL<G;=<JS!);@D>BJ!=<!M>LJGBC!*T!GFB!>B;JG!GFBC@;>>:!;>GBCB?!AO!GFB!M>LJGBCJ!MA<MB<GC;GB!

<B;C!GFB!JALGFB;JG!JBMG=A<!AO!GFB!W;GBCJFB?!;<?!F;KB!;<!;KBC;EB!DACAJ=G:!AO!aSZ}!;<?!;<!))+!AO!

\SZ!@#hES!*A<<BMGB?!DACAJ=G:!AO!M>LJGBCJ!+h_T!NT!;<?!*!;CB!HSH}T!\SZ}T!;<?!\S^}T!CBJDBMG=KB>:S!

!

!

"=ELCB!\SHIS!*>LJGBC!@;DJ!W=GF!<BLGCA<!JM;GGBC=<E!?;G;S!;R!)D;G=;>!@;D!AO!?;G;DA=<G!M>LJGBCJ!AO!
=<GC=<J=M!CAMY!DCADBCG=BJS!9R!&ACAJ=G:!;<?!))+!?;G;!;MCAJJ!GFB!W;GBCJFB?S!

!



b^!
!

*>LJGBCJ!+h_!F;KB!GFB!>AWBJG!GAG;>!DACAJ=G:!;<?!MA<<BMGB?!DACAJ=G:!M;>ML>;GB?!OCA@!

<BLGCA<!JM;GGBC=<E!AO!;>>!AO!GFB!J;@D>BJT!=<?=M;G=<E!GF;G!;J!GFB!%;<MAJ!)F;>B!J;@D>BJ!;CB!MA<G;MG!

@BG;@ACDFAJB?T!GFB!GAG;>!DACAJ=G:!;<?!GFB=C!JL9JBPLB<G!MA<<BMG=K=G:!?BMCB;JBJS!-FALEF!M>LJGBC!N!

F;J!GFB!F=EFBJG!))+!AO!GFB!GFCBB!M>LJGBCJT!=G!=J!DAJJ=9>B!GF;G!;!O;M=BJ!MF;<EB!GAW;C?J!GFB!JALGFB;JG!

Q;J!JLEEBJGB?!9:!GFB!=<MCB;JB?!DCBJB<MB!AO!J=>G!=<!GF=<!JBMG=A<JR!MA<GC=9LGBJ!GA!GFB!>AWBC!))+!;<?!

F=EF!GAG;>!;<?!MA<<BMGB?!DACAJ=G:!=<!GFB!M>LJGBC!*!J;@D>BJS!-FBJB!?;G;!JLDDACG!GFB!F:DAGFBJ=J!GF;G!

;J!GFBC@;>!;>GBC;G=A<!AO!GFB!%;<MAJ!)F;>B!=<MCB;JBJ!OCA@!MA<G;MG!@BG;@ACDF=J@T!GAG;>!;<?!

MA<<BMGB?!DACAJ=G:!;<?!))+!?BMCB;JBS!!

9"O!>.-+40'1.-'!

4BLGCA<!JM;GGBC=<E!BVDBC=@B<GJ!;>>AW!OAC!K=JL;>!;<?!PL;<G=G;G=KB!CBDCBJB<G;G=A<!AO!DACB!

@ACDFA>AE:T!MA<<BMG=K=G:!AO!DACB!<BGWACYJT!;<?!MF;<EBJ!=<!O>L=?!D;GFW;:J!9:!9B??=<E!D>;<B!

AC=B<G;G=A<S!.B!M;<!BK;>L;GB!K;C=;G=A<J!=<!DACAJ=G:!;<?!))+!;MCAJJ!GFB!W;GBCJFB?!;<?!GFBC@;>!

@;GLC=G=BJ!GFCALEF!GFBJB!<BLGCA<!JM;GGBC=<E!@BGFA?JS!

)D;G=;>!F=BC;CMF=M;>!M>LJGBC=<E!AO!J;@D>BJ!;MCAJJ!GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?!=J!

MA<J=JGB<G!W=GF!GFB!F:DAGFBJ=J!GF;G!;J!GFBC@;>!;>GBC;G=A<!=<MCB;JBJT!GAG;>!;<?!MA<<BMGB?!DACAJ=G:!

;<?!))+!?BMCB;JBS!-FBJB!?BMCB;JBJ!W=>>!;OOBMG!GFB!C;GBJ!AO!MFB@=M;>!;<?!DF:J=M;>!WB;GFBC=<ET!;J!

>AWBC!JLCO;MB!;CB;J!CB?LMB!DAGB<G=;>!OAC!MFB@=M;>!CB;MG=K=G:!;<?!?=JMA<<BMGB?!DACB!<BGWACYJ!

?BMCB;JB!GFB!C;GBJ!AO!O>L=?!=<O=>GC;G=A<S!#BJL>GJ!DCBJB<GB?!FBCB!W=>>!MA<GC=9LGB!GA!GFB!=<MCB;JB?!

;MMLC;M:!AO!WB;GFBC=<E!@A?B>J!W=GF=<!GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?!;<?!M;<!DCAK=?B!=<J=EFG!

GA!DCB?=MG;9>B!MF;<EBJ!=<!GFB!@=MCAJGCLMGLCB!AO!JF;>BJ!=<!J=@=>;C!@A<G;<B!W;GBCJFB?JS!,=<Y=<E!

@=MCAJGCLMGLCB!DACB!<BGWACYJ!GA!@;MCAJM;>B!WB;GFBC=<E!C;GBJ!W=>>!DCAK=?B!B<F;<MB?!=<GBEC;G=A<!

GA!JM;>B(?BDB<?B<G!WB;GFBC=<E!C;GBJS! !



bb!
!

*/+&-'#!]!

8+#2+-2$4)!24!'))'4-2+,!#$*7(0'#28'0!46-#2'4-)!"#$%!+!N'0#$*7!

)/+,'!+*#$))!+!%'-+%$#&/2*!5#+02'4-!!

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

NB?CAMY!;MGJ!;J!;!JALCMB!AO!<=GCAEB<!;<?!M;C9A<!=<!JA=>!;<?!W;GBC!;<?!=?B<G=O:=<E!GFB!

MA<GC=9LG=A<!AO!CAMY(?BC=KB?!<LGC=B<GJ!=J!MC=G=M;>!GA!L<?BCJG;<?=<E!@BG;>!;<?!<LGC=B<G!M:M>=<E!

?:<;@=MJ!?LB!GA!9B?CAMY!WB;GFBC=<E!A<!;!W;GBCJFB?!JM;>BS!2<!GF=J!JGL?:T!WB!;<;>:XB?!WFA>B!CAMY!

QM;C9A<!;<?!<=GCAEB<R!;<?!M;C9A<;GB!QM;C9A<!;<?!AV:EB<R!=JAGAD=M!MA<MB<GC;G=A<J!AO!K;C=;9>:!

@BG;@ACDFAJB?!%;<MAJ!)F;>B!=<!AC?BC!GA!GC;MB!M;C9A<!;<?!<=GCAEB<!@AKB@B<G!?LC=<E!MA<G;MG!

@BG;@ACDF=J@!9:!MA<JGC;=<=<E!=<DLGJ!OCA@!@=<BC;>!?=JJA>LG=A<T!DCAK=?=<E!=<J=EFG!=<GA!GFB!

W;GBCJFB?(JM;>B!M;C9A<!;<?!<=GCAEB<!JALCM=<E!OCA@!9B?CAMY!WB;GFBC=<E!=<!GFB!';JG!#=KBC!8;>>B:!

=<!JALGFWBJGBC<!*A>AC;?AS!#BJL>GJ!OCA@!GF=J!JGL?:!DCAK=?B!BK=?B<MB!GF;G!=JAGAD=M!J=E<;GLCBJ!AO!

GFB!%;<MAJ!)F;>B!=<!GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?!K;C:!;J!;!OL<MG=A<!AO!GFBC@;>!;>GBC;G=A<S!

-FB!@AJG!GFBC@;>>:!;>GBCB?!CBE=A<J!AO!GFB!W;GBCJFB?!F;KB!GFB!>=EFGBJG!d!" *!K;>LBJT!BK=?B<MB!OAC!

GFB!?BKA>;G=>=X;G=A<!AO!*// !OCA@!JF;>BJ!;<?!*$#!OCA@!M;C9A<;GBJ!=<!GFB!%;<MAJS!-FB!FB;K=BJG!

d!" *!K;>LBJ!;CB!OAL<?!=<!J;@D>BJ!WFBCB!L<?BC>:=<E!JB?=@B<GJ!;CB!;?e;MB<G!GA!=<GCLJ=KB!9A?=BJT!

BK=?B<MB!AO!LDW;C?>:!@=EC;GB?!*$#!OCA@!?BKA>;G=>=XB?!JB?=@B<GJS!d!14!K;>LBJ!;CB!MA@D>=M;GB?T!

JFAW=<E!>=EFGBC!J=E<;GLCBJ!W=GF!=<MCB;J=<E!@BG;@ACDF=J@!L<G=>!CB;MF=<E!GFB!M>LJGBC!AO!J;@D>BJ!

=<?=M;G=<E!GFB!F=EFBJG!>BKB>!AO!@BG;@ACDF=J@S!-F=J!D;GGBC<!JLEEBJGJ!GF;G!<=GCAEB<!=JAGAD=M!

OC;MG=A<;G=A<!?LC=<E!MA<G;MG!@BG;@ACDF=J@!<BB?J!OLCGFBC!BVD>AC;G=A<S!d!2$!BVF=9=GJ!;!?BD>BG=A<!

GCB<?!W=GF!=<MCB;J=<E!@BG;@ACDF=J@T!=<?=M;G=KB!AO!F=EF!GB@DBC;GLCB!;>GBC;G=A<!=<!MA<G;MG!W=GF!

@BGBAC=M!W;GBCJ!;G!GFB!<B;C(JLCO;MBT!;ECBB=<E!W=GF!=<GBCDCBG;G=A<J!AO!JD;G=;>!BVGB<GJ!AO!MA<G;MG!

@BG;@ACDF=J@S!! !



bc!
!

K"#!,-()./0+(1.-!

NB?CAMY!;MGJ!;J!;!JALCMB!AO!<=GCAEB<!;<?!M;C9A<!=<!JA=>!;<?!W;GBC!Q0CBKBCT!ZcbHm!)B@F=!BG!

;>ST!HIII;T9m!5;=>>;C?BG!BG!;>ST!Zcccm!0B<J@ACB!;<?!NAF>YBT!HIIIm!&BGJMF!BG!;>ST!HIIIm!/A>>AW;:!

BG!;>ST!HIIZm!+E<B>>=!BG!;>ST!HIIHm!N;CGF!BG!;>ST!HII\m!/A>>AW;:!;<?!)@=GFT!HII`m!3;YF;CAK;!BG!;>ST!

HII^RS!5BA>AE=M!JALCMBJ!AO!<=GCAEB<!;<?!M;C9A<!9BMA@B!=<GBC@=<E>B?!W=GF!9=A>AE=M;>!;<?!

;<GFCADAEB<=M!JALCMBJT!B<F;<M=<E!@=MCA9=;>!;<?!WB;GFBC=<E!;MG=K=G:S!&;CJ=<E!ALG!GFB!CAMY(

?BC=KB?!DAA>!AO!GFBJB!<LGC=B<GJ!=J!MC=G=M;>!GA!L<?BCJG;<?=<E!@BG;>!;<?!<LGC=B<G!M:M>=<E!?:<;@=MJ!

?LB!GA!9B?CAMY!WB;GFBC=<E!A<!;!W;GBCJFB?!JM;>B!QBSES!4BOO!BG!;>ST!HII\m!i=<!BG!;>ST!HIZ\m!0W=KB?=!

BG!;>ST!HIZbm!/AL>GA<!BG!;>ST!HIZbm!&BC;Y=J!;<?!&BGG(#=?EBT!HIZcRS!)G;9>B!=JAGADBJ!F;KB!>A<E!9BB<!

LJB?!=<!GFB!MF;C;MGBC=X;G=A<!AO!D;>BAM>=@;GBT!9LG!CBMB<G!JGL?=BJ!QBSES!)MFL>GB!BG!;>ST!HIZZR!F;KB!

<AGB?!GFB=C!LJB!=<!GC;M=<E!M;C9A<!;<?!<=GCAEB<!?LC=<E!CAMY!WB;GFBC=<E!;<?!<LGC=B<G!M:M>=<E!9:!

MA<JGC;=<=<E!=<DLGJ!OCA@!?=JJA>LG=A<!AO!K;C=ALJ!@=<BC;>J!;<?!CAMY!G:DBJS!!

-FB!.;GBCJFB?!"L<MG=A<!)M=B<G=O=M!"AMLJ!+CB;T!;!MA>>;9AC;G=KB!MA<JACG=L@!>AM;GB?!W=GF=<!

GFB!';JG!#=KBC!8;>>B:!Q'#8R!W;GBCJFB?!=<!JALGFWBJGBC<!*A>AC;?AT!DCA?LMBJ!=<GB<J=KB!JGL?=BJ!=<!

FAW!MF;<EBJ!=<!M>=@;GB!;<?!>;<?!LJB!W=>>!;OOBMG!OLGLCB!F:?CA9=AEBAMFB@=M;>!?:<;@=MJ!=<!;!

@A<G;<B!XA<B!Q/L99;C?!BG!;>ST!HIZbRT!;<?!L<?BCJG;<?=<E!GFB!9B?CAMY!?BC=KB?!MA<GC=9LG=A<J!GA!

GFBJB!M:M>=<E!?:<;@=MJ!;CB!=<GBEC;>!GA!GFBJB!DCB?=MG=KB!@A?B>JS!.=GF=<!GF=J!JF;>B(FAJGB?!

W;GBCJFB?T!>AM;>=XB?!MA<G;MG!@BG;@ACDF=J@!F;J!;>GBCB?!MFB@=M;>!;<?!DF:J=M;>!J=E<;GLCBJ!AO!GFB!

9B?CAMYT!MA@D>=M;G=<E!FA@AEB<BALJ!WB;GFBC=<E!@A?B>J!AO!GFB!W;GBCJFB?!?:<;@=MJS!

*F;C;MGBC=X;G=A<!AO!CAMY(?BC=KB?!MA<GC=9LG=A<J!AO!=JAGAD=M;>>:!L<=PLB!<LGC=B<G!J=E<;GLCBJ!;MCAJJ!

GF=J!@BG;@ACDF=M!EC;?=B<G!DCAK=?BJ!;<!BJJB<G=;>!D=BMB!AO!GFB!<LGC=B<G!M:M>=<E!J:JGB@S!

.B!DBCOAC@B?!M;C9A<!Q*RT!<=GCAEB<!Q4RT!;<?!AV:EB<!Q$R!=JAGAD=M!;<;>:JBJ!A<!K;C=;9>:!

@BG;@ACDFAJB?!%;<MAJ!)F;>B!J;@D>BJ!GA!@B;JLCB!GFB!CB>;G=KB!;9L<?;<MB!AO!JG;9>B!=JAGADBJ!AO!



cI!
!

>=EFG!B>B@B<GJ!;<?!@A>BML>BJT!DCAK=?=<E!=<J=EFG!=<GA!M;C9A<!M:M>=<ET!?=;EB<BG=M!DCAMBJJBJT!;<?!

GFBC@;>!;>GBC;G=A<!Q%M7=C?:!;<?!&AWB>>T!Zc^]m!2JF=W;G;C=!BG!;>ST!Zc^^m!)=@A<B=G!BG!;>ST!Zc^bm!

0=MYJA<!;<?!*A>B@;<T!ZcbIm!"CBL?B<GF;>!BG!;>ST!HIIZm!,BF@;<<!BG!;>ST!HIIHm!)MFL>GB!BG!;>ST!

HIZZRS!!

2<!GF=J!JGL?:T!WB!@B;JLCB?!GFB!WFA>B!CAMY!;<?!M;C9A<;GB!=JAGAD=M!MA<MB<GC;G=A<JT!;J!WB>>!

;J!GFB!M;C9A<!;<?!<=GCAEB<!MA<MB<GC;G=A<J!AO!K;C=;9>:!@BG;@ACDFAJB?!%;<MAJ!)F;>BT!=<!AC?BC!GA!

DCAK=?B!=<J=EFG!=<GA!GFB!M;C9A<!;<?!<=GCAEB<!JALCM=<E!OCA@!9B?CAMY!WB;GFBC=<E!=<!GFB!'#8S!

-FBJB!K;>LBJ!;CB!CBDACGB?!=<!GFB!MA<GBVG!AO!JD;G=;>!JG;G=JG=M;>!M>LJGBC=<E!GF;G!W;J!DBCOAC@B?!A<!

=<GC=<J=M!CAMY!DCADBCG=BJ!W=GF=<!GFB!W;GBCJFB?!=<!AC?BC!GA!D;C;@BGBC=XB!;<?!;KBC;EB!CAMY!9BF;K=AC!

;MCAJJ!GFB!@BG;@ACDF=M!EC;?=B<G!QOAC!@ACB!?BG;=>JT!CBOBC!GA!*F;DGBC!HRS!!

K"9!:3(;./.4.5<!

"=OG:(OALC!J;@D>BJ!WBCB!DCBD;CB?!OAC!=JAGAD=M!;<;>:JBJS!+>>!`]!WBCB!;<;>:XB?!OAC!WFA>B!

CAMY!d!" *!;<?!d !14!K;>LBJT!W=GF!?LD>=M;GBJ!AO!GWA!J;@D>BJ!Q'#%(IZZ;(9!;<?!(IZH;(9R!;<?!

GC=D>=M;GBJ!AO!O=KB!J;@D>BJ!Q'#%(I]^;(MT!(I`I;(MT!(Ic];(MT!(Icb;(MT!;<?!(ZIZ;(MRS!-F=CG:!AO!GFB!

`]!J;@D>BJ!WBCB!;>JA!DCBD;CB?!OAC!d!" * %;<?!d!2$!AO!GFB!M;C9A<;GB!D;CG=G=A<!AO!GFB!J;@D>B!

QCBOBCCB?!GA!;J!d!" * $(34%;<?!d!2$ $(34RS!+>>!J;@D>BJ!WBCB!MCLJFB?!GA!xISH!@@!EC;=<!J=XB!W=GF!;<!

;E;GB!9;>>!@=>>!;<?!@B;JLCB?!;<?!D;MYB?!=<GA!)<!M;DJL>BJS!+>>!J;@D>BJ!WBCB!@B;JLCB?!;G!GFB!

';CGF!):JGB@J!)G;9>B!2JAGADB!,;9AC;GAC:!;G!GFB!6<=KBCJ=G:!AO!*A>AC;?A!NAL>?BCS!

.FA>B!CAMY!;<?!M;C9A<;GB!;>=PLAGJ!AO!%;<MAJ!)F;>B!J;@D>BJ!WBCB!;<;>:XB?!A<!-FBC@A!

"=JFBC!B>B@B<G;>!;<;>:XBCJ!MA<<BMGB?!GA!;!0B>G;!8!E;J!JALCMBT!MA<G=<LALJ!O>AW!JG;9>B!=JAGADB!

C;G=A!@;JJ!JDBMGCA@BGBCS!-FB!=<JGCL@B<G!;<?!=GJ!DBC=DFBC;>J!B<;9>B?!@B;JLCB@B<G!AO!M;C9A<!;<?!

<=GCAEB<!K=;!FB;?JD;MB!J;@D>=<ET!A<(>=<B!MA@9LJG=A<!;<?!F=EF!GB@DBC;GLCB!MA<KBCJ=A<!B>B@B<G;>!

;<;>:J=JT!MALD>B?!W=GF!MA<G=<LALJ!O>AW!JG;9>B!=JAGADB!;<;>:J=JS!0;G;!CBMB=KB?!OCA@!GFB!B>B@B<G;>!



cZ!
!

;<;>:XBC!=<M>L?B!WB=EFG!DBCMB<G!*!;<?!4T!;J!WB>>!;J!d!" *!;<?!d !14!AO!ACE;<=M!@;GGBC!;<?!@=<BC;>!

9AL<?!B>B@B<GJS!!

-A!@B;JLCB!GFB!M;C9A<;GB!MA<GC=9LG=A<!AO!=JAGAD=M!K;>LBJT!JBD;C;GB!;>=PLAGJ!WBCB!

?=JJA>KB?!W=GF!DFAJDFAC=M!;M=?!;<?!@B;JLCB?!A<!;!-FBC@A!H`\qT!;!E;J!JALCMBT!?L;>(=<>BG!JG;9>B!

=JAGADB!C;G=A!@;JJ!JDBMGCA@BGBCS!-F=J!?L;>!=<>BG!@;JJ!JDBMGCA@BGBC!=J!JDBM=;>>:!?BJ=E<B?!GA!

@B;JLCB!?=OOBCB<G!@;JJBJ!AO!M;C9A<!?=AV=?B!;G!KBC:!F=EF!DCBM=J=A<S!-F=J!@B;JLCB@B<G!DCAK=?BJ!

WB=EFG!DBCMB<G!*$"T!d!" *!;<?!d !2$!OAC!M;C9A<;GB!@=<BC;>JT!;>>AW=<E!OAC!=<OAC@;G=A<!A<!GFB!9LC=;>!

F=JGAC:!AO!M;C9A<;GB!CAMYJS!0;G;!OAC!;>>!J;@D>BJ!WBCB!MACCBMGB?!OAC!=<JGCL@B<G;>!9=;J!W=GF!;!JL=G!

AO!GFCBB!JG;<?;C?JT!K;C:=<E!=<!J=XB!;<?!=JAGAD=M!MA@DAJ=G=A<S!

K"K!D3'04('!

2JAGAD=M!MA@DAJ=G=A<J!OAC!d!" *T!d!14T!d!" * $(34T!;<?!d!2$ $(34!;CB!CBDACGB?!FBCBT!;>A<E!W=GF!

M;C9A<!;<?!<=GCAEB<!WB=EFG!DBCMB<G;EBJ!Q+DDB<?=V!"RS!);@D>BJ!W=GF!?LD>=M;GBJ!;<?!GC=D>=M;GBJ!

;CB!CBDACGB?!=<?=K=?L;>>:!Q?B<AGB?!9:!;T!9T!;<?!MRT!9LG!K;>LBJ!WBCB!;KBC;EB?!GA!DCAK=?B!;!J=<E>B!

J;@D>B!MA@DAJ=G=A<!?LC=<E!=<GBCDCBG;G=A<!AO!K;>LBJS!-FBJB!?;G;!;CB!;<;>:XB?!;J!;!OL<MG=A<!AO!

JG;G=JG=M;>!M>LJGBC=<E!AO!=<GC=<J=M!CAMY!DCADBCG=BJ!;<?!JD;G=;>!?=JGC=9LG=A<!GFCALEFALG!GFB!W;GBCJFB?S!

R04M!:*-+.'!=;*43!,'.(.83'!

!d!" *!K;>LBJ!OAC!GFB!`]!J;@D>BJ!MA>>BMGB?!OCA@!GFB!';JG!#=KBC!8;>>B:!.;GBCJFB?!C;<EB!

OCA@!(HbSZc!GA!^S^I„S!.FA>B!CAMY!M;C9A<!K;>LBJ!@B;JLCB?!FBCB!GF;G!;CB!u!(ZI„!;CB!WB>>!

?BO=<B?!;J!K;>LBJ!G:D=M;>!AO!@;C=<B!M;C9A<;GBJ!QI!|!ZI!„R!Q&>;<;KJY:!BG!;>ST!HIZ]RT!WFBCB;J!GFB!

>=EFGBC!K;>LBJ!Qx!(ZI„R!M;<!9B!BVD>;=<B?!B=GFBC!;J!ACE;<=M!M;C9A<!QWFBCB!K;>LBJ!C;<EB!OCA@!(]I!

GA!(ZI!„R!AC!;J!AV=?;G=A<!AO!M;C9A<;MBALJ!@;GGBC!?LC=<E!@BG;@ACDF=J@T!WF=MF!MAL>?!DCA?LMB!

CBJ=?L;>!EC;DF=GB!AO!?BD>BGB?!M;C9A<!=JAGAD=M!K;>LBJ!Q'=>BCT!BG!;>ST!Zcc^RS!!



cH!
!

d!14!K;>LBJ!OAC!GFB!J;@D>BJ!C;<EB!9BGWBB<!(HHSb\!;<?!]ScZ„T!W=GF!;<!;KBC;EB!AO!(IS\c„!

Q+DDB<?=V!"RS!4=GCAEB<!@B;JLCB?!=<!GFBJB!J;@D>BJ!G;CEBG!B=GFBC!ACE;<=M!<=GCAEB<T!=<!GFB!OAC@!AO!

@;C=<B!D;CG=ML>;GB!ACE;<=M!@;GGBCT!9=GL@B<!;<?!YBCAEB<T!;<?!GBCCBJGC=;>!ACE;<=M!@;GGBCT!<=GC;GB!

;?JACDG=A<!A<!M>;:!@=<BC;>JT!AC!CAMY(?BC=KB?!<=GCAEB<!Q*AD>B<!BG!;>ST!HIIHRS!)ALCMBJ!AO!<=GC;GB!

;?JACDG=A<!A<!M>;:!@=<BC;>J!=<M>L?B!ECAL<?W;GBCT!JB;W;GBCT!;<?!DCBM=D=G;G=A<T!WF=MF!F;KB!d!14!

C;<EBJ!OCA@!;DDCAV=@;GB>:!(c!GA!u!q]I„T!(b!GA!qHI„T!;<?!(Zb!GA!qZc„!Q*AD>B<!BG!;>ST!HIIHRS!

$CE;<=M!<=GCAEB<!K;>LBJ!OCA@!>=YB>:!JALCMBJ!C;<EB!OCA@!;DDCAV=@;GB>:!(\!GA!q]b„!Q*AD>B<!BG!

;>ST!HIIHRS!#AMY(?BC=KB?!<=GCAEB<!OCA@!B=GFBC!=E<BALJ!AC!@BG;@ACDF=M!JALCMBJ!C;<EB!OCA@!

;DDCAV=@;GB>:!(\b!GA!q\Z„!;<?!I!GA!qZb„T!CBJDBMG=KB>:!Q*AD>B<!BG!;>ST!HIIHRS!-FALEF!ACE;<=M!

;<?!=<ACE;<=M!<=GCAEB<!MA<GC=9LG=A<J!WBCB!<AG!D;CG=G=A<B?!=<!GFBJB!;<;>:JBJT!WB!M;<!@;YB!

CB;JA<;9>B!=<GBCDCBG;G=A<J!CBE;C?=<E!ACE;<=M!<=GCAEB<!MA<GC=9LG=A<J!OCA@!-$*!K;>LBJ!=<!GFB!

?;G;JBGS!"AC!J;@D>BJ!W=GF!-$*!K;>LBJ!x!ZS`}T!ZS`!GA!\S`}T!;<?!u!\S`}T!d!14!;KBC;EB?!IS]H„T!(

ZS]b„T!;<?!ISHa„T!CBJDBMG=KB>:S!);@D>BJ!W=GF!ZS`!GA!\S`}!-$*!F;?!GFB!>;CEBJG!K;C=;G=A<!=<!

" !14T!WF=>B!J;@D>BJ!W=GF!u!\S`}!-$*!F;?!GFB!>AWBJG!K;C=;G=A<!=<!" !14S!

>*)&.-*(3!,'.(.83'!1-!(;3!:*-+.'!=;*43!

-F=CG:!J;@D>BJ!AO!GFB!M;C9A<;GB!MA@DA<B<G!AO!GFB!%;<MAJ!)F;>B!=<!GFB!';JG!#=KBC!8;>>B:!

WBCB!;<;>:XB?!OAC!M;C9A<!;<?!AV:EB<!=JAGAD=M!K;>LBJS!-:D=M;>!%;<MAJ!)F;>B!d!" * $(34!;<?!d!2$ $(34!

K;>LBJ!C;<EB!OCA@!rI!GA!`„!;<?!r(Z]!GA!(]„T!CBJDBMG=KB>:!Q&C;GGT!Zcb`RS!d!" * $(34!K;>LBJ!OAC!GFB!

';JG!#=KBC!8;>>B:!J;@D>BJ!C;<EB?!OCA@!(\S^]!GA!ISb]„!W=GF!;<!;KBC;EB!AO!(ISaZ„S!-FBJB!

@B;JLCB@B<GJ!;CB!MA<J=JGB<G!W=GF!BVDBMGB?!K;>LBJ!OAC!@;C=<B!JF;>BJ!Q*>;CY!;<?!"C=GXT!Zcc^m!

&>;<;KJY:!BG!;>ST!HIZ]RT!9LG!;CB!>AWBC!GF;<!>=GBC;GLCB!K;>LBJ!OAC!GFB!%;<MAJ!=<!AGFBC!;CB;J!Q&C;GGT!

Zcb`RS!d!2$ $(34!K;>LBJ!C;<EB?!OCA@!(\HSHa!GA!(`Sbc„T!W=GF!;<!;KBC;EB!K;>LB!AO!(Z\S\H„T!G:D=M;>!



c\!
!

AO!JF;>BJ!CBDCBJB<G=<E!GFB!k@A?BC<l!F:?CA>AE=M!M:M>B!AKBC!GFB!D;JG!HS`!9=>>=A<!:B;CJ!QN=<?B@;<!

BG!;>ST!HIZbRT!9LG!;CB!>AWBC!GF;<!>=GBC;GLCB!K;>LBJ!OAC!GFB!%;<MAJ!Q&C;GGT!Zcb`RS!!

>*4+04*(3/!G)5*-1+!T!" >!,'.(.83'!

d!" *!=JAGAD=M!K;>LBJ!WBCB!M;>ML>;GB?!OCA@!;!@;JJ!9;>;<MB!BPL;G=A<!Q)F;CDT!HIIHR!LG=>=X=<E!

-$*T!2*T!d!" *!WFA>B!CAMYT!;<?!d!" * $(34!=<!GFB!OA>>AW=<E!@;<<BC1!

; @;A746< " #
B$ *C$ 2DB+*C+2

B$ D$B+
!

)=<MB!GFBJB!J;@D>BJ!CBPL=CB?!M;C9A<;GB!M;C9A<!DBCMB<G;EBJ!;<?!=JAGAD=M!K;>LBJT!GFB!

ACE;<=M!MA<GC=9LG=A<!M;>ML>;GB?!W;J!M;>ML>;GB?!A<>:!OAC!J;@D>BJ!W=GF!@B;JLCB?!M;C9A<;GB!M;C9A<!

MA<MB<GC;G=A<J!Q<{\IRS!8;>LBJ!AO!d!" *!OAC!ACE;<=M!M;C9A<!C;<EB?!OCA@!(H`S^c!GA!]SHb„!;<?!

;KBC;EB?!(aSHc„S!!

6.(*4!>*)&.-!*-/!H1().53-!

-AG;>!M;C9A<!DBCMB<G;EBJ!=<!GFB!`]!9B?CAMY!J;@D>BJ!C;<EB?!OCA@!ISH!GA!HIS\}T!W=GF!;<!

;KBC;EB!AO!`SH}S!-AG;>!<=GCAEB<!WB=EFG!DBCMB<G;EBJ!C;<EB?!OCA@!ISIZ!GA!ISZa}T!W=GF!;<!;KBC;EB!

AO!ISIb}S!-$*!K;>LBJ!=<!GFBJB!J;@B!J;@D>BJ!C;<EB?!OCA@!ISZ\!GA!^SbH}T!W=GF!;<!;KBC;EB!AO!

HS^a}S!2<ACE;<=M!M;C9A<!DBCMB<G;EBJ!C;<EB?!OCA@!I!s!Z`SZ}!=<!GFB!\I!J;@D>BJ!;<;>:XB?!OAC!

M;C9A<;GB!=JAGADBJS!*;C9A<h<=GCAEB<!C;G=AJ!WBCB!F=EF>:!K;C=;9>B!;MCAJJ!GFB!W;GBCJFB?T!W=GF!'#%(

IHH!F;K=<E!GFB!@;V=@L@!*h4!C;G=A!AO!ZH\I!;<?!'#%(I]c!W=GF!GFB!@=<=@L@!*h4!C;G=A!AO!\S!!

K"L!E1'+0''1.-!

-FB!EA;>J!AO!GF=J!JGL?:!WBCB!+R!GA!MF;C;MGBC=XB!MACCB>;G=A<J!W=GF=<!;<?!;MCAJJ!M;C9A<T!

<=GCAEB<T!;<?!AV:EB<!=JAGAD=M!J=E<;GLCBJ!AO!GFB!%;<MAJ!)F;>B!=<!GFB!';JG!#=KBC!8;>>B:T!;<?!NR!

?BGBC@=<B!JD;G=;>!MA<GCA>!A<!B;MF!=JAGAD=M!J=E<;GLCB!;J!;!OL<MG=A<!AO!GFBC@;>!;>GBC;G=A<S!-FBJB!

EA;>J!WBCB!?BKB>ADB?!=<!AC?BC!GA!DCAK=?B!DCB?=MG=KB!L<?BCJG;<?=<E!AO!GFB!MA<GC=9LG=A<!AO!9B?CAMY!

WB;GFBC=<E!GA!GFB!M;C9A<!;<?!<=GCAEB<!M:M>B!AO!GFB!';JG!#=KBC!8;>>B:!W;GBCJFB?S!!



c]!
!

>.-().4'!.-!,'.(.81+!=15-*(0)3!.A!?*'(!D1I3)!U*443<!!

)G;G=JG=M;>!;<;>:JBJ!WBCB!CL<!A<!B;MF!AO!GFB!?;G;JBGJ!MA>>BMGB?!FBCB!GA!?BGBC@=<B!

MACCB>;G=A<J!9BGWBB<!GCB<?J!=<!K;>LBJ!Q"=ELCB!]SZRS!'>BKB<!MCAJJ!D>AGJ!JFAWB?!BK=?B<MB!AO!

K;C=;9>B!?BDB<?B<M:T!=<?=M;GB?!9:!C#!K;>LBJ!ECB;GBC!GF;G!ISH!;<?!D(K;>LBJ!x!ISIZS!+??=G=A<;>>:T!

OALC!?;G;JBGJ!Qd!" *!.FA>B!#AMYT!-AG;>!*;C9A<!Q}RT!*;C9A<h4=GCAEB<T!2<ACE;<=M!*;C9A<!Q}RR!

JFAWB?!JGCA<E!MACCB>;G=A<!GA!M>LJGBCJ!?BGBC@=<B?!9:!CAMY!DCADBCG:!;<;>:JBJ!QJBB!*F;DGBC!HRS!!

-FB!JGCA<EBJG!MACCB>;G=A<!;MCAJJ!J;@D>BJ!=J!9BGWBB<!GAG;>!M;C9A<!;<?!=<ACE;<=M!M;C9A<!

DBCMB<G;EBJ!Q"=ELCB!]SH;RS!-F=J!MACCB>;G=A<!JFAWJ!GF;G!GFB!M;C9A<!J=E<;GLCB!AO!GFB!J;@D>BJ!;MCAJJ!

GFB!W;GBCJFB?!=J!@AJG!JGCA<E>:!?A@=<;GB?!9:!;!J;@D>BjJ!M;C9A<;GB!J=E<;GLCBS!)=@=>;C>:T!GFB!

M;C9A<h<=GCAEB<!C;G=A!AO!B;MF!J;@D>B!=J!;>JA!JGCA<E>:!MA<GCA>>B?!9:!M;C9A<;GB!DBCMB<G;EB!Q"=ELCB!

]SH9RS!5=KB<!GFB!J=E<=O=M;<G!?=OOBCB<MBJ!=<!*h4!K;>LBJ!9BGWBB<!J;@D>BJ!W=GF!J=@=>;C!ACE;<=M!

M;C9A<!DBCMB<G;EBJT!=G!=J!>=YB>:!GF;G!;!O>LV!AO!M;C9A<!CB>;G=KB!GA!<=GCAEB<!=J!DCBOBCB<G=;>>:!

AMMLCC=<E!;J!;!OL<MG=A<!AO!>AM;G=A<!W=GF=<!GFB!W;GBCJFB?!Q/A>>AW;:!;<?!)@=GFT!HII`RS!!

-FB!MACCB>;G=A<!9BGWBB<!GAG;>!M;C9A<!DBCMB<G!=<!;!J;@D>B!;<?!=GJ!ACE;<=M!M;C9A<!

MA<MB<GC;G=A<!=J!;!9=G!@ACB!MA@D>BV!Q"=ELCB!]SHMRS!-FALEF!J;@D>BJ!W=GF!F=EFBC!-*!G:D=M;>>:!

F;KB!F=EFBC!;@AL<G!AO!-$*T!K=JL;>>:!GFBCB!;DDB;CJ!GA!9B!GWA!JBD;C;GB!GCB<?J!=<!GFB!-$*!?;G;!

;MCAJJ!;>>!M>LJGBCJS!);@D>BJ!W=GF!>AW!2*!C;<EB!=<!-$*!MA<MB<GC;G=A<J!QLD!GA!]}!-$*RT!9LG!A<MB!

]}!-$*!=J!CB;MFB?T!2*!DBCMB<G;EBJ!=<MCB;JB!Q"=ELCB!]SH?RS!*h4!K;>LBJ!=<!*>LJGBCJ!NT!*T!;<?!_T!

;CB!>AWBC!GF;<!GFAJB!=<!*>LJGBC!+!WF=MF!F;KB!F=EF!M;C9A<!DBCMB<G!Q"=ELCB!]SHBRS!0;G;!D;=CJ!W=GF!

>AWBC!JG;G=JG=M;>!MACCB>;G=A<J!QC#%x!ISHcR!JFAW!?A@=<;G=<E!OB;GLCBJ!W=GF=<!GFB!DCAO=>BJS!-FB!GCB<?!

=?B<G=O=B?!9BGWBB<!d!14!;<?!d!2$ $(34!=J!JGCA<E>:!?A@=<;GB?!9:!'#%(I]bT!WF=MF!F;J!;<A@;>ALJ>:!

>=EFG!d!14! !
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!

"=ELCB!]SZS!5C;DF=M;>!;<?!MACCB>;G=KB!D;C;@BGBCJ!AO!MCAJJ!D>AGJ!OAC!ZI!?;G;JBGJS!#B?!GBVG!=<?=M;GBJ!
C#!K;>LBJ!u!ISH!;<?hAC!D(K;>LBJ!x!ISIZS!

Cluster
r2 = 0.34
p < 0.01

! 13C Whole Rock

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.011

! 15N Whole Rock

r2 = 0.37
p < 0.01

r2 = 0.24
p < 0.01

r2 < 0.2
p = 0.28

Total Carbon

r2 < 0.2
p = 0.95

r2 < 0.2
p = 0.64

r2 < 0.2
p = 0.015

r2 < 0.2
p = 0.14

Total Nitrogen

r2 = 0.21
p < 0.01

r2 < 0.2
p = 0.018

r2 < 0.2
p < 0.01

r2 = 0.45
p < 0.01

r2 = 0.27
p < 0.01

Carbon/Nitrogen

r2 < 0.2
p < 0.01

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.35

r2 = 0.60
p < 0.01

r2 < 0.2
p = 0.88

r2 < 0.2
p < 0.01

Total Organic Carbon

r2 < 0.2
p = 0.10

r2 < 0.2
p = 0.082

r2 < 0.2
p = 0.04

r2 < 0.2
p = 0.19

r2 < 0.2
p < 0.01

r2 < 0.2
p = 0.40

r2 < 0.2
p = 0.43

! 13Ccarb

r2 < 0.2
p = 0.28

r2 < 0.2
p = 0.90

r2 = 0.29
p < 0.01

r2 < 0.2
p = 0.096

r2 = 0.24
p < 0.01

r2 = 0.28
p < 0.01

r2 < 0.2
p = 0.23

r2 = 0.29
p < 0.01

! 18Ocarb

r2 = 0.46
p < 0.01

r2 < 0.2
p = 0.13

r2 < 0.2
p = 0.64

r2 = 0.90
p < 0.01

r2 < 0.2
p = 0.10

r2 = 0.49
p < 0.01

r2 = 0.45
p < 0.01

r2 < 0.2
p = 0.14

r2 < 0.2
p = 0.083

Inorganic Carbon



ca!
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!

"=ELCB!]SHS!*CAJJ!D>AGJ!AO!JG;G=JG=M;>>:!J=E<=O=M;<G!?;G;JBG!MACCB>;G=A<J!W=GF!C#!K;>LBJ!x!IS]`S!
!

K;>LBJ!Q(HHSb\„R!Q"=ELCB!]S\;RS!-F=J!J;@D>BT!;!M;>M=GB!KB=<!;?e;MB<G!GA!;!>AM;>=XB?!?=YBT!>=YB>:!

F;J!JGCA<E!=E<BALJ!=<O>LB<MBJ!A<!GFB!<=GCAEB<!J=E<;GLCBS!-FB!J;@B!J;@D>B!Q'#%(I]bR!?A@=<;GBJ!

GFB!GCB<?!OAC!D>AGJ!AO!d!" * $(34!;<?!d!2$ $(34!Q"=ELCB!]S\9RS!+!D>AG!AO!*h4!;<?!d!2$ $(34!K;>LBJ!JFAWJ!

GF;G!M>LJGBC!+!F;J!;!@LMF!?=OOBCB<G!MACCB>;G=A<!GF;<!GFB!CBJG!AO!GFB!J;@D>BJT!W=GF!F=EFBC!*h4!

K;>LBJ!=<KBCJB>:!DCADACG=A<;>!GA!=<ACE;<=M!d!2$ $(34!K;>LBJ!Q"=ELCB!]S\MRS!-FCBB!?=OOBCB<G!GCB<?J!

;DDB;C!=<!GFB!*h4!KBCJLJ!-4!D>AG!Q"=ELCB!]S\?RS!*>LJGBC!+!JFAWJ!GFB!JGBBDBJG!?BMCB;JB!=<!*h4!

W=GF!=<MCB;J=<E!!
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!

"=ELCB!]S\S!*CAJJ!D>AGJ!AO!JG;G=JG=M;>>:!J=E<=O=M;<G!?;G;JBG!MACCB>;G=A<J!W=GF!C#!K;>LBJ!9BGWBB<!ISH]!
;<?!ISHcS!

!

-4T!M>LJGBC!N!JFAWJ!;!@LMF!JF;>>AWBC!MLCKBT!;<?!M>LJGBCJ!*!;<?!_!JFAW!>=GG>B!K;C=;<MB!=<!*h4!

W=GF!=<MCB;J=<E!-4S! !

*ACCB>;G=A<!9BGWBB<!GAG;>!M;C9A<!DBCMB<G;EBJ!;<?!d!" *!WFA>B!CAMY!;DDB;C!GA!K;C:!OAC!

B;MF!M>LJGBC!Q"=ELCB!]S\BRS!4B;C>:!;>>!AO!M>LJGBC!_!J;@D>BJ!F;KB!>AW!DBCMB<G;EBJ!AO!GAG;>!M;C9A<!

;JJAM=;GB?!>=EFG!d!" *!K;>LBJS!);@D>BJ!=<!GF=J!M;GBEAC:!GF;G!?A!F;KB!GAG;>!M;C9A<!DBCMB<G;EBJ!
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