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OG"Q* !``@c* -OTV* CM* OG"Q* .dd!_"* ,BC* REJM* FCKCLM* PEGKOLNK* OKMNPNMV* EKK[FFCH* NL* MBC* 'GC* HCJ

(CLHFCJ*KERSGCU*^(OMDNKY*'JGOLHJ_*EXX*JE[MBCFL*6NCMLOR*NL*!`.3"

9EFSBEGETNKOGGVQ*MBC*?ELM[R*9OJJNX*NJ*SOFM*EX*MBC*LEFMB*:*JE[MB*MFCLHNLT*)LLORNMC*KBONL*DNMB

CGCPOMNELJ*[S*ME*.@dd*RQ*OLH*NM*OSSFEOKBCJ*MBC*KEOJM*NL*MBC*OFCO*EX*KCLMFOG*6NCMLOR"*'M*NJ*BEJM

ME*ROLV*JROGG*RE[LMONLE[J*FNPCFJ*HFONLNLT*NLME*MBC*+E[MB*(BNLO*+CO*^7NT"*._"

,K,K, 2FCPFFC&)MJQODL&OCG&-QRMJIODJFCP

,BC*)JNOL*9ELJEEL*JVJMCRQ*KELJNJMNLT*EX*MBC*'LHNOL*9ELJEELQ*MBC*$OJM*)JNOL*9ELJEEL*OLH

MBC*=GOMCO[*9ELJEEL*^)L*CM*OG"*.ddd_Q*NJ*MBC*TCLCFOMEF*XEF*EKCOLNK*J[FXOKC*KNFK[GOMNEL*NL*MBC

+E[MB*(BNLO*+CO*^7NT"*!_"*7EF*MBC*DCJMCFL*SOFM*EX*MBC*+(+*MBC*TCLCFOG*HNFCKMNEL*EX*MBC*EKCOLNK

K[FFCLMJ* NJ* XFER*LEFMB*ME*JE[MB*NL*DNLMCF*OLH*JE[MB*ME*LEFMB* NL*J[RRCF*OM*ZEMBQ* FCKCLM*OLH

&OJM*#GOKNOG*9OUNR[R*^&#9_*:MNRCJ*^>OLT*CM*OG"Q*!``<_"*,BC*$OJM*)JNOL*9ELJEEL*NJ*MBC*REJM

NRSEFMOLM* KGNROMC* XOKMEF* XEF* MBC* +(+"* ,BC*DNLMCF*RELJEEL* ^LEFMBCFL*BCRNJSBCFC*DNLMCF_* NJ

KBOFOKMCFN\CH*ZV*KEGH*ONF*XFER*BNTB*GOMNM[HCJ*XGEDNLT*OGELT*MBC*COJMCFL*ROFTNL*EX*MBC*,NZCMOL

=GOMCO[* MEDOFHJ* MBC* +(+Q* FCJ[GMNLT* NL* O* LEFMB:COJMCFGV* DNLH* HNFCKMNEL"* 0[FNLT* MBC* J[RRCF

RELJEELQ*DOFR*OLH*B[RNH*ONF*XFER*MBC*GED*GOMNM[HCJ*EX*MBC*'LHNOL*%KCOL*NJ*XGEDNLT*MEDOFHJ

MBC*LEFMBCOJM*EPCF* MBC*+(+*ELME* MBC*$OJM*)JNOL*KELMNLCLM*DBNKB* FCJ[GMJ* NL* O* JE[MB:DCJMCFGV

DNLH*HNFCKMNEL"

0[C*ME*MBC*$OJM*)JNOL*9ELJEEL*KEEGQ*HFV*DNLMCFJ*OLH*DOFRQ*B[RNH*J[RRCFJ*KBOFOKMCFN\C*MBC

KGNROMC*NL*MBC*JM[HV*OFCO"*,BC*SOFMGV*PCFV*BNTB*SFCKNSNMOMNEL*OLH*FNPCFNLC*NLS[M*OXXCKMJ*MBC*JCO

J[FXOKC*JOGNLNMV*NL*MBC*JM[HV*OFCOQ*FCJ[GMNLT*NL*GEDCF*POG[CJ*^i!*SJ[_*NL*XFELM*EX*MBC*9CYELT

OLH*2CH*2NPCF*OLH*OGELT*MBC*6NCMLORCJC*(EOJM*^>VFMYNQ*!`@!_"

>NMB*ELGV*JROGG*SOJJOTCJQ* GNYC*MBC*+MFONM*EX*9OGOKKO*NL*MBC*COJM*OLH*MBC*?OFNROMO*OLH*4OJBN

+MFONM*NL*MBC*DCJMQ*KELLCKMNLT*MBC*+(+*ME*MBC*=OKNXNK*OLH*'LHNOL*%KCOLQ*MBC*CUKBOLTC*EX*DOMCF

ROJJCJ*NJ*GNRNMCH*OLH*DOJ*CPCL*GEDCF*H[FNLT*&#9:MNRCJQ*DBCL*MBC*+(+*DOJ*O*JCRN:CLKGEJCH

ZOJNL*H[C*ME*O*GEDCFCH*JCO:GCPCG"
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!"#$% &'' 7.,&$%,)' &.,@&=;8,2.' 2*;2=),-*$%' 1,--.;%&' *%' -5.' 7$=-5' (5*%,' 7.,' M,8-.;' Y,%?' .-' ,)"K' !ZZHK' +$/*8*./N

,N'&=++.;K'IN'V*%-.;

,K,K1 !SL&7JLDCOQLPL&+SLMT

,BC*JBCGX*EXX*MBC*6NCMLORCJC*(EOJM*BOJ*CUMCLJNELJ*EX*POFVNLT*HNRCLJNELJQ*XFER*PCFV*DNHC*ME

PCFV*LOFFED"* 'L* MBC* PNKNLNMV* EX* MBC*9CYELT*2NPCF* OLH*DBCFC* MBC*6NCMLORCJC* +BCGX*RCFTCJ

DNMB* MBC*+[LHO*+BCGX* NM* CUSOLHJ* ME*REFC* MBOL*<dd*YR"*,BC*KCLMFOG*SOFM*EX* MBC*6NCMLORCJC

+BCGX*NJ*PCFV*LOFFED*DNMB*GOMCFOG*CUMCLJNELJ*OJ*GED*OJ*.d*YR*ZCMDCCL*!3g-*OLH*!<g-"*'L*MBC

-EFMBQ*NL*MBC*OFCO*EX*MBC*#[GX*EX*,ELYNL*MBC*JBCGX*CUSOLHJ*OTONL*ME*B[LHFCHJ*EX*YNGERCMCFJ"

$PCL* MBE[TB* MBC* +E[MB* (BNLO* +CO* NJ* OL* NLMCLJNPCGV* JM[HNCH* SOFM* EX* MBC* DEFGHIJ* EKCOLJ

^4FECKYCF*CM*OG"Q*!`aac*>OLT*OLH*>OLTQ*!``dc*>OLT*CM*OG"Q*!``<c*>OLTQ*!```c*8OLCZ[MBQ

.dddc*4jBFNLTQ*.dd!c*+MCNLYCQ*.dd!c*+\OFCYQ*.dd!_Q*GNMMGC*CXXEFM*BOJ*ZCCL*ROHC*ME*NLPCJMNTOMC

OLH*[LHCFJMOLH*NMJ*DCJMCFL*ROFTNLOG*SOFM*NL*MBC*OFCO*EXX*MBC*6NCMLORCJC*(EOJM"*$OFGV*JM[HNCJ

^-NNLE*OLH*$RCFVQ*!`@!c*$RCFVQ*!`@a_*KBOFOKMCFN\C*JERC*EX*MBC*HCSEJNMJ*EL*MBC*6NCMLORCJC

+BCGX*OJ*;.)*2-'&./*+.%-&'LEM*FCGOMCH*ME*MBC*REHCFL*HCSEJNMNELOG*CLPNFELRCLM"*,BEJC*HCSEJNMJ

OFC* MBC* FCRONLHCFJ* EX* JCHNRCLMJ* HCSEJNMCH* J[ZOCFNOGGV* EF* NL* GOK[JMFNLC* EF* ROFJBV

CLPNFELRCLMJ* H[FNLT* JCO:GCPCG* GEDJMOLH* MBOM* DCFC* KELMNL[E[JGV* FCDEFYCH* ZV* ZNEM[FZOMNEL

OLH*EMBCF*O[MBNTCLNK*SFEKCJJCJ"*,BC*FOSNH*HCTGOKNOG*JCO:GCPCG*FNJC*^8OLCZ[MB*CM*OG"*.ddd_*GCXM

MBC*JCOXGEEF*NL*HNJC][NGNZFN[R*DBCFC*MBC*HCSEJNMNELOG*CLPNFELRCLM*KE[GH*LEM*FCJSELH*ME*MBC

][NKY*EKCOLETFOSBNK*OLH*BVHFETFOSBNK*KBOLTCJQ* GCOPNLT*O*ZGOLYCM*EX* ;.)*2-' &./*+.%-&"*7CD

NLMCFLOMNELOGGV* S[ZGNJBCH* JM[HNCJ* XEK[JJCH* EL* JCO:GCPCG* FNJC* OLH* JBCGX* JCHNRCLMOMNEL* H[FNLT

MBC*h[OMCFLOFV*NL*6NCMLOR*^C"T"*7ELMONLC*OLH*0CGNZFNOJQ*!`A;_"

,BC*7FCLKB:6NCMLORCJC*=ELOTO:KF[NJC*OLH*FCGOMCH*JM[HNCJ* XEK[JJCH*EL*FNXMNLT*SFEKCJJCJ*OLH

(CLE\ENK*MCKMELNK*CPCLMJ*EXX*6NCMLOR*^=%-)#)Q*!``3c*2OLTNL*CM*OG"Q*!``<c*2E][CJ*CM*OG"Q
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!``A_"*9EJM*FCKCLM*NLPCJMNTOMNELJ*EL*JBCGX*JCHNRCLMOMNEL*FCPCOGCH*MBNKY*JCHNRCLM*DCHTCJ*OLH

SFESEJC*REHCFL*JCHNRCLMOMNEL*FOMCJ*EX*KO"*d"3<*KRkVCOF* ^>NCJLCF*CM*OG"Q*!```c*+KBNROLJYN

OLH*+MOMMCTTCFQ*.dd!c*+\K\[KlLJYN*OLH*+MOMMCTTCFQ*.dd!_"

,K,K4 !SL&7JLDCOQLPL&3JCDLEMOCG

0CMFNMOG*JCHNRCLMJ*J[SSGNCH*ZV*FNPCFJ*HFONLNLT*NLME*MBC*+E[MB*(BNLO*+CO*OKKE[LM*XEF*MBC*RObEF

SOFM*EX*MBC*HCSEJNMJ*EL*MBC*6NCMLORCJC*+BCGX"*,BC*9CYELT*NL*MBC*+E[MB*OLH*MBC*2CH*2NPCF*NL

MBC* -EFMB* OFC* ORELT* MBC* MCL* GOFTCJM* FNPCFJ* NL* MBC* DEFGH* NL* MCFRJ* EX* JCHNRCLM* HNJKBOFTC

^9NGGNROL*OLH*9COHCQ*!`a3_"*4EMB*FNPCFJ*OFC*HFONLNLT*GOFTC*ZOJNLJ*DNMB*SFCHERNLOLMGV*SEJM:

=OGEC\ENK* JCHNRCLMJ* OLH* OFC* XEFRNLT* CUMCLJNPC* HCGMOJ"* ,BC* KCLMFOG* SOFM* EX* 6NCMLOR* NJ

KBOFOKMCFN\CH*ZV*B[LHFCHJ*EX*JROGG*RE[LMONLE[J*FNPCFJ*HFONLNLT*MBC*)LLORNMC*KBONL*OLH*OGJE

SFEZOZGV* KELMFNZ[MNLT* GOFTC* ORE[LMJ* EX* HCMFNM[J* ME* MBC* 6NCMLORCJC* +BCGX* ^9NGGNROL* OLH

+VPNMJYNQ*!``.c*+KBNROLJYN*CM*OG"Q*.dd!_"*8CFCQ*OJ*O*SOFM*EX*MBC*?ELM[R*9OJJNXQ*FEKYJ*EX*SOFMGV

=FCKORZFNOL*OTC*OFC*KFESSNLT*E[M*^7ELMONLC*OLH*>EFYROLQ*!``Ac*&OL*CM*OG"Q*.dddc*-OTV*CM

OG"*.dd!_*DBNKB*JMOLHJ*NL*KELMFOJM*ME*MBC*OTC*EX*JCHNRCLMJ*HCGNPCFCH*ZV*MBC*9CYELT*OLH*MBC

2CH*2NPCF"*,BNJ*HNXXCFCLKC*DNGG*ZC*[JCH*GOMCF*NL*MBNJ*DEFY*ME*HCMCFRNLC*JCHNRCLM*SFEPCLOLKCJ

XEF*MBC*HCSEJNMJ*XFER*MBC*6NCMLORCJC*+BCGX"

,K,K6 -CTMHLCIL&FT&/LNMOIJOM&+LO<$LULM&.JPL

>NHC* SOFMJ* EX* MBC* 6NCMLORCJC* +BCGX* DCFC* CUSEJCH* H[FNLT* MNRCJ* EX* JCO:GCPCG* GEDJMOLH"

$JSCKNOGGV* MBC* OFCOJ* EX* DNHC* JBCGX* CUMCLM* CUSCFNCLKCH* XOF* FCOKBNLT* XGEEHNLT* DNMB* MBC

J[ZJC][CLM* JCO:GCPCG* FNJC"* ,BNJ* HVLORNK* SFEKCJJ* NLXG[CLKCH* MBC* JCHNRCLMOFV* CLPNFELRCLM

JMFELTGV"*,BC*HCSEJNMNELOG*JVJMCR*DOJ*FCEFTOLN\CH*OLH*REFSBEGETNKOG*JMF[KM[FCJ* NL[LHOMCH"

7OKNCJ* OJJEKNOMNELJ* OLH* HCSEKCLMCFJ* JBNXMCH*DNMB* FNJNLT* JCO:GCPCG* XFER* JBCGX* ZFCOY* ME* REFC

LCOFJBEFC* JBCGX* FCTNELJ"* ,BC* CUSEJCH* J[FXOKC* DOJ* CFEHCH* H[FNLT* MFOLJTFCJJNELQ* GCOPNLT* OL

NL[LHOMCH*J[FXOKC*DBNKB*NJ*FCKEFHCH*NL*MBC*JCHNRCLM*OJ*O*BNOM[J"

>NMB* FNJNLT* JCO:GCPCG* MBC* BNTB* RE[LMONLJ* EX* MBC* PNCMLORCJC* BNLMCFGOLH* FCOKBCH* O* REFC

SFEUNROG*SEJNMNEL*NL*FCGOMNEL*ME*SEMCLMNOG*HCSEKCLMCFJQ*OGMBE[TB*MBNJ*CXXCKM* NJ*DCOYCLCLH*ZV

MBC* LOFFEDLCJJ* EX* MBC* JBCGX* NL* MBNJ* OFCO"* -CPCFMBCGCJJQ* MBC* JCHNRCLMOFV* KERSEJNMEL* EX

LCOFJBEFC*HCSEJNMJ* NJ* OXXCKMCH* JMFELTGV*ZV* MBC*CLEFRE[J*ORE[LMJ* EX* JCHNRCLM* CFEHCH* XFER

MBEJC*RE[LMONLJ* OLH* KBOLTCJ* NL* MBC* JCHNRCLMEGETNKOG* OLH* TCEKBCRNKOG* KERSEJNMNEL* VNCGH

YCV:NLXEFROMNEL*EL*KBOLTC*EX*JE[FKCJ*OLHkEF*KGNROMC"
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,K1 +DHGV&"ELO

,BC* JM[HV* OFCO* CUMCLHJ* XFER* LEFMB* ME* JE[MB* OGELT* MBC* 6NCMLORCJC* (EOJM* ^7NT"* ._* XFER

!@m;;";dg* -c* !dam.A"AAg* $* ^LEFMBCFLREJM* JCHNRCLM* JMOMNEL* !a;.@_* ME* Amdd".dg* -c

!dAm<;"aAg* $* ^JE[MBCFLREJM* JCHNRCLM* JMOMNEL* !a3A<_"* ,BC* NLPCJMNTOMCH* JCHNRCLM* KEFCJ* OFC

XFER*REHCFL*DOMCF*HCSMBJ*ZCMDCCL*.!*R*OLH*!@`*R*OLH*MBC*JCHNRCLM*FCKEPCFV*DOJ*[S*ME

a*R"

!"#$%(''45.'&-=/F',;.,'V*-5'2$;.')$2,-*$%&

,K4 'WXLIDJUL&FT&DSJP&+DHGV

,BC*TEOG*EX*MBNJ*JM[HV*NJ*ME*KBOFOKMCFN\C*JCHNRCLMOMNEL*SFEKCJJCJ*EL*MBC*6NCMLORCJC*+BCGX*OLH

ME* FCKELJMF[KM*KBOLTCJ* NL* JCHNRCLMOFV*SFEKCJJCJ* XFER*JE[FKC* ME* JNLY*H[FNLT* MBC* GOJM*.d*YVF

DNMB*JSCKNOG*XEK[J*EL*MBC*8EGEKCLC"*'L*EFHCF*ME*FCOKB*MBEJC*TEOGJ*YLEDGCHTC*EX*VCM*[LYLEDL

NLXEFROMNEL* NJ* LCKCJJOFV"* +NLKC* OGREJM* LE* JCHNRCLMEGETNKOGQ* TCEKBCRNKOG* OLH* TCESBVJNKOG

NLXEFROMNEL*XFER*MBC*6NCMLORCJC*+BCGX*CUNJMJ*EF*NJ*OKKCJJNZGC*XEF*DCJMCFL*JKNCLMNJMJQ*O*TCLCFOG
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HOMOZOJC*BOH*ME*ZC*HCPCGESCH*OM*XNFJM*BOLH"*>NMB*MBC*BCGS*EX*MBNJ*HOMOZOJC*MBC*XEGGEDNLT*J[Z:

SFEbCKMJ*DCFC*FCOGN\CHm

•  +CHNRCLMEGETNKOG* OLH* TCEKBCRNKOG* KBOFOKMCFN\OMNEL* EX* MBC* JCHNRCLM* HCSEJNMCH* NL* MBC

JM[HV*OFCO

•  0CPCGESRCLM*EX*O*JMFOMNTFOSBNK*XFORCDEFY*ZOJCH*EL*)9+:!;(*HOMCJ

•  /LHCFJMOLHNLT*SFEKCJJCJ*KELMFEGGNLT*JCHNRCLMOMNEL*OLH*CFEJNEL

•  'HCLMNXNKOMNEL*EX**MBC*SFEPCLOLKC*EX*MBC*MCFFNTCLE[J*JCHNRCLMJ*^HCMFNM[J_

•  'HCLMNXNKOMNEL*EX*SEJJNZGC*KGNROMNK*KBOLTCJ*NL*MBC*BNLMCFGOLH*FCXGCKMCH*ZV*MBC*TCEKBCRNKOG

KERSEJNMNEL*EX*JCHNRCLM

•  0CPCGESRCLM*EX*O*JCHNRCLM*Z[HTCM* XEF* MBC*HCMFNMOG*JCHNRCLMJ*HCGNPCFCH*ZV* MBC*9CYELTQ

MBC*2CH*2NPCF*OLH*JROGG*RE[LMONLE[J*FNPCFJ"

•  (ELMFNZ[MNEL*ME*MBC*TCLCFOG*[LHCFJMOLHNLT*EX*MBC*HVLORNKJ*OM*MBC*GOLH:JCO*NLMCFXOKC

2CJ[GMJ* OFC* SFCJCLMCH* NL* 3* JCSOFOMCH* KBOSMCFJ"* ,BC* XNFJMQ* HCOGNLT* DNMB* MBC* 8EGEKCLC

+CHNRCLMOMNEL*EL* MBC*6NCMLORCJC*+BCGXQ* NJ*O*KERSFCBCLJNPC*HCJKFNSMNEL*EX* MBC* JCHNRCLMOFV

SFEKCJJCJ* NL* MBC* JM[HV* OFCO* OLH* SFCJCLMJ* O* HCMONGCH* )9+:!;(* JMFOMNTFOSBV"* 'L* MBC* JCKELH

KBOSMCF* GNTBM* NJ* MBFEDL* EL* MBC* SFEPCLOLKC* EX* HCMFNMOG* JCHNRCLMJ* EL* MBC* 6NCMLORCJC* +BCGX"

9ObEF*CGCRCLM:Q* MFOKC*CGCRCLM:*OLH*NJEMESC*TCEKBCRNJMFV*DCFC*[JCH*ME*HNJMNLT[NJB*ZCMDCCL

JCHNRCLMJ*OLH*SEJJNZGC*CLHRCRZCFJ*HCGNPCFCH*ZV*MBC*L[RCFE[J*FNPCFJ*HFONLNLT*NLME*MBC*+(+"

,BC* MBNFH*SOFM*EX* MBNJ*DEFY*SFEPNHCJ*O*JCHNRCLM*Z[HTCM* XEF* MBC*FNPCFJ*OGELT* MBC*6NCMLORCJC

(EOJM*SFEREMNLT*MBC*NRSEFMOLKC*EX*MBC*[J[OGGV*[LHCFCJMNROMCH*JROGG*RE[LMONLE[J*FNPCFJ"
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1 2ODLEJOMP&OCG&2LDSFGP

-[RCFE[J*RCMBEHJ* BOPC* ZCCL* [JCH* ME* KBOFOKMCFN\C* MBC*ROMCFNOG"* )L* EPCFPNCD* EX* JORSGCJ

MOYCL*OLH*RCMBEHJ*CRSGEVCH*NJ*NGG[JMFOMCH*NL*O*XGED*KBOFM*NL*7NT"*3"

RV SONNE-cruise 140
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1K, 2ODLEJOMP

,BC*JCHNRCLMJ*DCFC*KEFCH*H[FNLT*KF[NJC*!;d*DNMB*2k6*+%--$*^+n09$$2*'''_* ME* MBC*+E[MB

(BNLO*+CO*NL*)SFNG*!```*^>NCJLCF*CM*OG"*!```_"

<a* JCHNRCLM* JMOMNELJ* DCFC* KEFCH* H[FNLT* MBC* KF[NJCQ* EX* DBNKB* .<* KEFCJ* DCFC* JCGCKMCH* XEF

X[FMBCF*OLOGVJNJ*FCGCPOLM*NL*MBNJ*JM[HV*^,OZ"*!_"*)GG*KEFCJQ*CUKCSM*PNZFOKEFCJ*!a3A<:.*!a3A@:.

OLH* !a3AA:.Q*DCFC* KEFCH*DNMB* O* TFOPNMV* KEFCF"* ,BC* JCHNRCLM* KEFCJ* OFC* XFER*DOMCF* HCSMBJ

ZCMDCCL*.!*R*OLH*!@`*R"

./*$%&''7-,-*$%')*&-'$8'-5.'&./*+.%-'2$;.&'V*-5'&./*+.%-';.2$B.;F

Coring Latitude Longitude Water RecoveryCore No
device [°] N [°] E depth[m] [cm]

18375 -2 VC 7:00.20 107:54.87 87 369
18376 -2 VC 7:05.27 108:06.42 89 477
18377 -2 VC 7:10.71 108:20.28 98 357
18389 -3 GC-3 9:16.45 108:39.09 109 271
18391 -2 GC-6 9:33.91 108:49.60 115 478
18393 -3 GC-6 9:45.61 109:07.95 155 540
18396 -3 GC-6 15:25.51 108:53.27 61 499
18397 -2 GC-6 12:14.71 109:19.91 45 532
18398 -3 GC-18 12:14.23 109:22.81 59 719
18401 -3 GC-12 12:12.90 109:32.09 134 707
18404 -3 GC-6 13:30.13 109:33.67 169 385
18405 -3 GC-6 13:41.10 109:27.02 130 547
18408 -3 GC-12 14:14.34 109:19.05 108 754
18409 -3 GC-12 15:41.21 108:40.79 40 577
18414 -3 GC-6 15:05.83 108:57.78 21 448
18415 -2 GC-6 15:04.98 109:00.03 38 559
18416 -2 GC-6 15:02.23 109:08.97 66 506
18417 -3 GC-12 14:44.81 109:17.61 97 798
18419 -3 GC-12 14:32.23 109:14.09 82 641
18420 -2 GC-6 14:34.13 109:11.36 62 557
18422 -3 GC-6 15:44.92 108:53.46 84 568
18423 -2 GC-6 16:16.62 108:39.59 97 548
18424 -2 GC-6 16:28.61 108:26.15 90 575
18425 -2 GC-6 16:34.53 108:28.31 95 556
18426 -2 GC-6 16:44.42 108:27.80 92 513

1K1 +LGJQLCDFMFNJIOM&2LDSFGP

1K1K, )FEL&/LPIEJRDJFC

%LZEOFH* 2k6* +ELLC* MBC* JCHNRCLM* KEFCJ* DCFC* JSGNM* OLH* SBEMETFOSBCH"* ,BC* ROKFEJKESNK

HCJKFNSMNEL*EX* MBC* JCHNRCLM*DOJ*KOFFNCH*E[M* NRRCHNOMCGV* OXMCF*ESCLNLT*EX* MBC*KEFCJ*H[C* ME

SEJJNZGC*CPOSEFOMNEL*OLH*EUNHOMNEL*EX* MBC* XFCJB* JCHNRCLM* J[FXOKCJ"*,BC*JCHNRCLM*KEGEF*DOJ

HCJKFNZCH*[JNLT* MBC*#+)*2EKY*(EGEF*(BOFM"*+NLKC*JBCGX* JCHNRCLM*JBEDJ*O*BNTB*POFNOMNEL* NL

ROKFEJKESNK* KERSEJNMNELQ* MBC* JCHNRCLMOFV* KBOFOKMCFNJMNKJ* KELKCFLNLT* TFONL* JN\C* ^JOLHQ* JNGMQ

R[H_Q* KELMCLM* EX* ROFNLC* EFTOLNJRJ* ^XEFORNLNXCFOQ* JBCGGJQ* JCO* [FKBNLJ_Q* OLH* JCHNRCLMOFV
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JMF[KM[FCJ*GNYC*Z[FFEDJQ*CFEJNELOG*J[FXOKCJ*OLH*MFOLJNMNELJ*DCFC*FCKEFHCH*NL*HCMONG*OLH*KOL*ZC

XE[LH*NL*MBC*KF[NJC*FCSEFM*^>NCJLCF*CM*OG"Q*!```_"

1K1K1 )FOEPL&:EOJC&"COMVPJP

,BC*JOLH*KELMCLM*BOJ*ZCCL*HCMCFRNLCH*EL*OGG*KEFCJ*OM*.d*KR*ME*!dd*KR*NLMCFPOGJ"*6OFNOMNEL*NL

MBC* TFOL[GERCMFV* KOL* ZC* OL* NRSEFMOLM* XOKNCJ* NLHNKOMEF* JNLKC* KBOLTCJ* NL* CFEJNEL* EX* MBC

BNLMCFGOLH* OLH* FNPCF* HNJKBOFTC* NLXG[CLKC* MBC* ORE[LM* OLH* JCHNRCLMOFV* KERSEJNMNEL* EL* MBC

HCMFNMOG* JCHNRCLM"* ,BC* OZ[LHOLKC* EX*ROFNLC* EFTOLNJRJ* GNYC* XEFORNLNXCFO* EF* JBCGG* XFOTRCLMJ

DBNKB*OFC*[J[OGGV*SOFM*EX*MBC*JOLH*XFOKMNELQ*NJ*OGJE*XOKNCJ*NLHNKOMNPC"*,BC*ROFNLC*KBOFOKMCF*EX*O

JBCGX*JCHNRCLM*KOL*ZC*CUSFCJJCH*PNO*NMJ*KOFZELOMC*KELMCLM"

,BC*MDE*REJM*NRSEFMOLM*JE[FKCJ*XEF*JOLH*EL*MBC*6NCMLORCJC*+BCGX*OFC*JNGNKNKGOJMNKJ*HCGNPCFCH

ZV* MBC* FNPCFJ* EL* MBC* ELC* BOLH* OLH*ROFNLC*RNKFEEFTOLNJRJ* ^REJMGV* XEFORNLNXCFO_* OLH* JBCGG

XFOTRCLMJ*EL*MBC*EMBCF"

)GG* KEFCJ*DCFC* NLPCJMNTOMCH* XEF* MBC* KERSEJNMNEL*EX* MBC* KEOFJC* TFONL* XFOKMNEL"* +ORSGCJ*DCFC

MOYCL* CPCFV* <d* KR* ME* !dd* KRQ* XFCC\C:HFNCHQ* DOJBCH* EPCF* O* @3* oR* JNCPC* OLH* JNCPCH* NLME

XFOKMNELJ"*,BC*XFOKMNEL*XFER*.<d*oR*ME*<dd*oR*DOJ*JSGNM*DNMB*OL*%MME:RNKFEJSGNMMCF*[LMNG*OM

GCOJM*3dd*TFONLJ*DCFC*GCXM*XEF*KE[LMNLTQ*DBNKB*CLJ[FCJ*MBC*FCSFCJCLMOMNPNMV*EX*MBC*JORSGC*^=GOJ

OLH*,EZNQ*!`@<_"*'L*MBC*KEOFJC*TFONL*OLOGVJNJ*MBC*XEGGEDNLT*TFE[SJ*DCFC*KELJNHCFCHm

•  =GOLYMELNK*XEFORNLNXCFO

•  4CLMBNK*XEFORNLNXCFO

•  +BCGG*XFOTRCLMJ

•  &NMBEKGOJMJ

•  =GOLM*XFOTRCLMJ

•  #GO[KELV

,BC* KEOFJC* TFONL* OLOGVJNJ* NJ* O* [JCX[G* MEEG* NL* CLPNFELRCLMJ*DNMB* O* BNTB* XOKNCJ* POFNOZNGNMV* OJ

JBEDL*NL*SFCPNE[J*JM[HNCJ*ZV*+KBNROLJYN*^!```_*OLH*8OLCZ[MB*^.ddd_"

,FOLJNMNELJ* XFER*REFC* MCFFCJMFNOGGV* NLXG[CLKCH* ME*REFC*ROFNLC* NLXG[CLKCH* CLPNFELRCLMJQ* OJ

MBCV*OFC*NRSGNKOMCH*ZV*JCO:GCPCG*FNJCQ*OFC*FCKEFHCH*NL*MBC*KERSEJNMNEL*EX*MBC*KEOFJC*XFOKMNELQ

DBNKB*OGGEDJQ*METCMBCF*DNMB*EMBCF*SFEUNCJQ*O*SFCKNJC*XOKNCJ*NLMCFSFCMOMNEL"

1K1K4 B<EOV&.OGJFNEORSV

9EJM* NLMCFLOG* JCHNRCLMOFV* JMF[KM[FCJ* OFC*LEM* PNJNZGC* XEF* MBC*LOYCH* CVC"* +BCGX* JCHNRCLMJ* OFC

CUSEJCH* ME* POFNE[J* SBVJNKOG* NLXG[CLKCJ* XFER* Z[FFEDNLT* ZV* EFTOLNJRJ* EPCF* CFEJNEL* H[C* ME
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K[FFCLMJ*EF*JG[RSJ*ME*KFEJJ*ZCHHNLT"*,BCJC*JMEFV:MCGGNLT*JMF[KM[FCJ*OFC*NRSEFMOLM*NLHNKOMEFJ*XEF

MBC* SOGCE:CLPNFELRCLM"* )HHNMNELOGGVQ* HNJKELMNL[NMNCJ* KO[JCH* ZV* KBOLTNLT* BVHFETFOSBNK

KELHNMNELJ*OFC*HCMCKMOZGC*ZV*p:FOV*FOHNETFOSBV"

,BC* OFKBNPC* BOGPCJ* EX* MBC* XFCJBGV* ESCLCH* KEFCJ* BOPC* ZCCL* JORSGCH* XEF* JCHNRCLM* JGOZJ

OSSFEUNROMCGV*!*KR* MBNKY*OLH*CUSEJCH* ME*p:FOV* FOHNOMNEL*OM*3<*Y6"*,BC*CUSEJ[FC* MNRC* GOV

ZCMDCCL*<*RNL*OLH*!<*RNLQ*HCSCLHNLT*EL*JCHNRCLM*MVSC*OLH*MBNKYLCJJ*EX*MBC*JGOZ"

(O"*`d*R*EX*p:FOV*FOHNETFOSBNCJ*DCFC*OLOGV\CH*EPCF*O*GNTBM*MOZGC*OLH*TFOSBNKOGGV*NGG[JMFOMCH*NL

O*JSCKNOG*SFEXNGC*^p:FOV*&ET_*MOYNLT*NLME*OKKE[LM*TFONL*JN\CQ*JCHNRCLM*JMF[KM[FC*OLH*HCTFCC*EX

ZNEM[FZOMNEL* ^7NT"* ;_"* )* JSCKNOG* XEK[J* GOV* NL* MBC* NHCLMNXNKOMNEL* EX* HNJKELMNL[NMNCJ* DNMBNL* MBC

HCSEJNMJ"

!"#$%0''G@;,F'A$?'/.1*2-*%?'&./*+.%-'&-;=2-=;.K'?;,/.'$8'I*$-=;I,-*$%',%/'/*&2$%-*%=*-*.&"'C*?5-['&./*+.%-'&),I'V*-5

/*&2$%-*%=*-F'M5*?5)*?5-./N

7[FMBCFREFCQ*HNJKELMNL[NMNCJ*EL*MBC*JBCGX*OFC*EXMCL*KO[JCH*ZV*MBC*MFOLJTFCJJNLT*DOMCF*ROJJCJ

XGEEHNLT*MBC*JBCGX*NL*MBC*KE[FJC*EX*O*JCO:GCPCG*FNJC"*,BNJ*YNLH*EX*HNJKELMNL[NMV*KOL*ZC*[JCH*ME

HCMCFRNLC* MBC* MNRC* EX* MFOLJTFCJJNEL* NX* MBC* JCHNRCLM* ZCGED* OLH* OZEPC* MBC* HNJKELMNL[NMV* NJ

HOMCH*OLH*MBC*BNOM[J*ELGV*KEPCFJ*O*JBEFM*MNRC*NLMCFPOG"

0 m

1 m

2 m

4 m

3 m

0 cm

5 cm

10 cm

25 cm

15 cm

20 cm
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1K1K6 )MOV&2JCLEOMFNV

,BC* XE[F* REJM* OZ[LHOLM* KGOV* RNLCFOGJ* JRCKMNMCQ* NGGNMCQ* KBGEFNMC* OLH* YOEGNLNMC* JBED* KCFMONL

OJJCRZGOTCJ* NL* HCSCLHCLKC* EX* MBC* KERSEJNMNEL* EX* MBC* JE[FKC* FEKYJ* OLH* MFOLJSEFM* RCHNO

^#NLTCGC*CM*OG"Q*.dd!_"*(GOV*RNLCFOGJ*NL*MBC*JM[HV*OFCO*OFC*RONLGV*HCGNPCFCH*ZV*FNPCFJQ*Z[M*OGJE

PNO* OECGNOL* MFOLJSEFM* O* JNTLNXNKOLM* ORE[LM* EX* H[JM* NJ* KELMFNZ[MCH* ME* MBC* JCHNRCLM* KEG[RL

^0[KC* CM* OG"* !``!_"* ,E* HCMCFRNLC* POFNOMNELJ* NL* JE[FKC* OLHQ* ME* O* GCJJCF* CUMCLMQ* NL* KGNROMCQ

FCKCLM* JORSGCJ* OLH* JORSGCJ* EX* COFGV* 8EGEKCLC* OTC* BOPC* ZCCL* NLPCJMNTOMCH* XEF* MBCNF* KGOV

RNLCFOG*HNJMFNZ[MNEL"

=FCSOFOMNEL* SFEKCH[FCJ* TCLCFOGGV* XEGGEDCH* MBC* RCMBEH* EX* 8EGM\OSXXCG* ^!`a<_"* ,BC* Z[GY

JCHNRCLM*JORSGC*DOJ*J[JSCLHCH*NL*HCRNLCFOGN\CH*DOMCF*EL*O*JMNFFNLT*SGOMC*OLH*HCKOFZELOMCH

ZV*OHHNLT*d".*-*8(G"*,BC*S8*POG[C*DOJ*KELMNL[E[JGV*KELMFEGGCH*H[FNLT* MBNJ*SFEKCJJ"*)KNH

FCJNH[C* DOJ* DOJBCH* E[M* OLH* OL* OGN][EM* EX* MBC* q.oR* XFOKMNEL* DOJ* JCSOFOMCH* ZV* JCMMGNLT

RCMBEH*OKKEFHNLT*ME*+MEYCIJ*GOD*^MFOLJXEFRCH*OXMCF*8EM\OSXXCGQ*!`a<_m

M*r*!`d*U*pkH.

>BCFC* M* r* JCMMGNLT* MNRC* sRNLtQ* p* r* HCSMB* EX* JCMMGNLT* SOFMNKGCJ* sKRt* OLH* H* r* HNORCMCF* EX

JCMMGNLT*SOFMNKGCJ*soRt

,BC* XNGMCF* MFOLJXCF* RCMBEH* ^9EEFC* OLH* 2CVLEGHJQ* !`a`_* DOJ* [JCH* ME* TCLCFOMC* EFNCLMCH

JORSGCJ* ZV* J[KYNLT* OL* OGN][EM* MBFE[TB* KCGG[GEJC* LNMFOMC* XNGMCFJ* ^d".* oR* SEFC* DNHMB_"* )XMCF

HFVNLT*OM*<dg(*MBC*JORSGC*DOJ*MFOLJXCFFCH*EL*OL*OG[RNLN[R*JGNHC*OLH*RCOJ[FCH*EL*O*=BNGNSJ

=>*!A!d*p:FOV*HNXXFOKMERCMCF*DNMB*([:?α*FOHNOMNEL*OLH*O[MEROMNK*HNPCFTCLKC*JGNM"*p20*JKOLJ

DCFC*SCFXEFRCH*DNMB*O*JMCS*DNHMB*EX*d"d!g*.ΘkJ*NL*O*FOLTC*EX*.*:*;dg*.Θ*EL*ZEMBQ*[LMFCOMCH

OLH*TGVKEGOMCH*^EPCFLNTBM*OM*@dg(_*JORSGCJ"

=COY* OFCOJ* DCFC* KOGK[GOMCH* OXMCF* ROL[OG* ZOJCGNLC* KEFFCKMNEL* [JNLT* MBC* 9OK0NXX* JEXMDOFCQ

PCFJNEL*;"."<*^=CMJKBNYQ*.ddd_*OXMCF*MBC*MCKBLN][CJ*EX*4NJKOVC*^!`@;Q*!`@<_"

1K1K= 2ONCLDJI&+HPILRDJWJMJDV

,BC* ROTLCMNK* J[JKCSMNZNGNMV* ^9OT+[J_* DOJ* RCOJ[FCH* ELZEOFH* [JNLT* O* 9[GMN* +CLJEF* (EFC

&ETTCF* ^9+(&kd!@_* HCJNTLCH* OLH* Z[NGM* ZV* #$%,$(Q* 8OJGCRCFCQ* /?"* ,BC* ROTLCMNK

J[JKCSMNZNGNMVQ*DBNKB*NJ*ZE[LH*ME*MBC*ORE[LM*EX*ROTLCMN\OZGC*RNLCFOGJ*DNMBNL*MBC*JCHNRCLMQ

DOJ*RCOJ[FCH*EL*[LJSGNM*KEFC*JCKMNELJ*EX*!.*KR*NL*HNORCMCF*OM*!dd*KR*KEFC*JCKMNELJ*DNMB*O

FCJEG[MNEL* EX* !* KR"* 6OFNOMNELJ* NL* 9OT+[J* KOL* ZC* OMMFNZ[MCH* ME* KBOLTNLT* KELKCLMFOMNEL* EX
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ROTLCMN\OZGC*RNLCFOGJ*DBNKB*OFC*JMCCFCH*ZV*KBOLTC*EX*JE[FKCJQ*CFEJNEL*OLH*FCDEFYNLT*EX*MBC

JCHNRCLM*OJ*DCGG*OJ*BVHFETFOSBNK*KELHNMNELJ*NLXG[CLKNLT*TFONL*JN\C"

1K4 "2+<,6)&/ODJCN

+NLKC*O*KGOJJNKOG*SOGCEKCOLETFOSBNKOG*JMFOMNTFOSBV*[JNLT*EUVTCL*NJEMESCJ*EX*XEFORNLNXCFOG*MCJMJ

NJ* LCNMBCF* J[NMOZGC* XEF* MBC* 8EGEKCLC* MNRC* NLMCFPOG* LEF* XEF* JBOGGED* ROFNLC* KELHNMNELJQ* MBC

JMFOMNTFOSBV*KOL*FCGV*EL*SFCKNJC*)9+:FOHNEKOFZEL*HOMNLT*EX*MBC*JCHNRCLM"

4CKO[JC*[LHNJM[FZCHQ* KELMNL[E[J* JCHNRCLM* FCKEFHJ*DCFC*LEM* LCKCJJOFNGV* CUSCKMCHQ* MBC* XNFJM

XEK[J* GOV*EL* MBC*HOMNLT*EX* HNJKELMNL[NMNCJ* HCMCKMCH*DNMB* MBC* BCGS* EX* p:FOV* FOHNETFOSBV* OLH

EMBCF* RCMBEHJ* HCJKFNZCH* OZEPC"* >EEH* XFOTRCLMJ* OLH* EMBCF* EFTOLNK* ROMCFNOG* ZCOFNLT* LE

FCJCFPENF* CXXCKM* DCFC* ELGV* XE[LH* NL* MDE* KEFCJ* ^!a3a`:3* OLH* !a;!<:._"* ,E* KNFK[RPCLM* MBC

SFEZGCR* EX* CGOSJCH* MNRC* ZCMDCCL* HCOMB* EX* O* ROFNLC* EFTOLNJRJ* OLH* XNLOG* HCSEJNMNEL* NL

OHHNMNEL* ME* MBC*TCLCFOGGV*[LKCFMONL*FCJCFPENF*CXXCKMQ*ELGV* uXFCJBu*OLH* NLMOKM*KOFZELOMCJ*DCFC

JCGCKMCH"* +CO* [FKBNLJ* DNMB* MBCNF* XFOTNGC* ORZ[GOKFOCQ* ZNPOGPC* JBCGGJ* DNMB* MDE* JBCGGJ* JMNGG

OMMOKBCH*ME*COKB*EMBCF*PNO*MBC*GNTORCLMQ*NLMOKM*SMCFESEHJ*DNMB*O*PCFV*XNLC*JBCGG*EF*XEFORNLNXCFO

^C$-,)*,'&1"_*XFER*[LXFOTRCLMCH*JCHNRCLM*DBCFC*KBEJCL*ME*CLJ[FC*FCGNOZGC*HOMNLTJ*^KS"*SBEME:

SGOMCQ*OSSCLHNU_"*'L*JERC*KOJCJ*DBCFC*LE*NLMOKM*ROMCFNOG*DOJ*HCMCKMOZGCQ*JBCGG*XFOTRCLMJ*DCFC

HOMCH*OLH*NL*ELC*KOJC*Z[GY*JCHNRCLM"

,BC*SFCSOFOMNELOG*SFEKCH[FC*JMOFMCH*DNMB*JCSOFOMNEL*XFER*MBC*JCHNRCLMQ*XEGGEDCH*ZV*HFVNLTQ

DOJBNLTQ* HFVNLT* OTONL* OLH* DOJBNLT* NL* HCRNLCFOGN\CH* DOMCF* NL* OL* [GMFOJELNK* ZOMB"* 7[FMBCF

SFCSOFOMNELJ*SFNEF*ME*MBC*RCOJ[FCRCLMJ*OLH*MBC*RCOJ[FCRCLMJ*MBCRJCGPCJ*DCFC*KOFFNCH*E[M*OM

MBC*&CNZLN\:&OZEFOMEFV*XEF*2OHNERCMFNK*0OMNLT*OLH*'JEMESC*2CJCOFKBQ*?NCG"*)9+:!;(*OTCJ*DCFC

RCOJ[FCH*EL*O*3*96*,OLHCLMFEL*;!3d*)9+*JVJMCR*XFER*8NTB*6EGMOTC*$LTNLCCFNLT*$[FESC"

,BC* OLOGVMNKOG* SFCKNJNEL* XEF* KE[LMNLT* OLH* ROKBNLC* JMOMNJMNKJ* NJ* d".<* ME* d"3* W* XEF* REHCFL

JORSGCJ*^-OHCO[Q*!``Ac*-OHCO[Q!``a_"

,BC*KOGNZFOMNEL*SFETFOR*()&'4* ^8,9&*PCFJNEL*;"3_*DOJ*[JCH* ME*KOGNZFOMC*)9+:!;(*VCOFJ* ME

KOGCLHCF*VCOFJ*4=*^+M[NPCF*OLH*2CNRCFQ*!``3_"*)*KOGNZFOMNEL*EX*MBC*RCOJ[FCH*)9+:!;(*OTCJ*NJ

LCKCJJOFV* JNLKC* MBC* OKMNPNMV* EX* !;(* NL* MBC* OMREJSBCFC* DOJ* LEM* KELJMOLM* OM* OGG* MNRCJ"

7G[KM[OMNELJ*NL*MBC*FOMC*EX*SFEH[KMNEL*EX* !;(*FCJ[GMJ* NL* !;(:SGOMCO[J*DBCFC* MBC*JORC* !;(*OTC

KEPCFJ*O*DNHC*JSOL*EX*FCOG*MNRC"*%MBCF*HOMNLT*RCMBEHJ*J[KB*OJ*/k,B:HOMNLTQ*POFPC*KBFELEGETV

OLH* MFCC:FNLT* KBFELEGETV* OFC* [JCH* ME* PCFNXV* MBC* MF[C* OTC* EX* JORSGCJ"* ,BC* K[FFCLMGV* [JCH

KOGNZFOMNEL*K[FPC*NJ*MBC*'-,()&`a*K[FPC*^+M[NPCF*CM*OG"Q*!``a_"

,BC* JMOLHOFH* FCJCFPENF* OTC* EX* ;dd* VFJ* XEF* ROFNLC* JORSGCJ* NJ* SFEZOZGV* LEM* OSSFESFNOMC* XEF

JBOGGED*DOMCF* JCHNRCLMJ* XFER* MBC* +(+"* +E[MBEL* CM* OG"* ^NL* SFCJJ_* XE[LH* JNTLNXNKOLMGV* GEDCF
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FCJCFPENF*OTCJ*XEF*REHCFL*JBOGGED*DOMCF*KOFZELOMC*JORSGCJ*XFER*MBC*+(+Q*DBCFCOJ*>OLT*CM

OG"*^!```_*FCSEFM*BNTBCF*FCJCFPENF*OTCJ*XEF*DOMCF*ROJJCJ*OM*;dd*R*HCSMB"

1K6 :LFISLQJIOM&2LDSFGP

)GG* JORSGCJ* XEF* TCEKBCRNKOG* OLOGVJNJ*DCFC* XFCC\C:HFNCHQ* OGN][EMJ*DCFC* TFE[LH* NL* OL* OTOMC

REFMOF* OLH* HFNCH* OTONL* EPCFLNTBM"* )GG* KEFCJ* BOPC* ZCCL* NLPCJMNTOMCH* XEF* EFTOLNK* OLH* MEMOG

KOFZELQ*DBCFCOJ*RObEF*CGCRCLMJ*OJ*DCGG*OJ*MFOKC*CGCRCLMJ*OLH*+F:*OLH*-H:NJEMESCJ*BOPC*ZCCL

HCMCFRNLCH*EL*!@*JORSGCJ*ZCNLT*FCSFCJCLMOMNPC*XEF*FCKCLM*OLH*COFGV*8EGEKCLC*HCSEJNMJ*OGELT

MBC*6NCMLORCJC*+BCGX*XFER*LEFMB*ME*JE[MB"

1K6K, 'ENOCJI&)OEWFC9&!FDOM&)OEWFC9&!FDOM&*JDEFNLC&Y)FEN9&!)9&*DFD9&)O)'4Z&OCG&)OEWFCODL

)FCDLCD

,BC*KOFZEL*OLH*LNMFETCL*KELMCLM*EX*MBC*HFNCH*OLH*XNLC*TFE[LH*Z[GY*JCHNRCLM*^.d*:*;d*RT_*DOJ

RCOJ[FCH*[JNLT*O*(8-:%*$GCRCLMOG**)LOGVJCF*EX*(OFGE*$FZO*'LJMF[RCLMJ"*(EFT*JORSGCJ*DCFC

DCNTBCH* NLME* JNGPCF* KOFMFNHTCJ* OLH* !d* W* 8(G* DOJ* OHHCH* ME* MBC* JORSGC* ME* HNJJEGPC* MBC

KOFZELOKCE[J* XFOKMNEL*EX* MBC* JCHNRCLM"*,BC*JCHNRCLM*DOJ* MBCL*Z[FLCH* OM* !d.!g(*OLH* MBC

TCLCFOMCH*(%.:TOJ*RCOJ[FCH*NL*O*MBCFROG*KELH[KMNPNMV*HCMCKMNEL*[LNM"*)KCMOLNGNH*DOJ*[JCH*OJ

O*JMOLHOFH"

'L*O*JCKELH*SFEKCH[FC*[JNLT*MNL*KOFMFNHTCJQ*JCHNRCLM*^DNMBE[M*8(G*ZCNLT*OHHCH_*DOJ*OLOGVJCH

XEF*MBC*KELMCLM*EX*MEMOG*KOFZEL*^,(_*OLH*MEMOG*LNMFETCL"

,BC*KOFZELOMC*KELMCLM*KOL*MBCL*ZC*KOGK[GOMCHQ*OJJ[RNLT*MBOM*OGG*EX*MBC*KOFZELOMC*NJ*SFCJCLM*OJ

KOGKNMC*EF*OFOTELNMCm

(O(%3*sWt*r*^,(*:*(EFT_*U*a"33

7[FMBCF* MBC* (k-:FOMNE* DOJ* KOGK[GOMCH"* 'M* NJ* TNPCL* ZV* (EFTk-MEM* OLH* KOL* BCGS* ME* CJMNROMC* MBC

NLXG[CLKC*EX* MCFFCJMFNOG* JCHNRCLM*EL* MBC* JM[HV*OFCOQ*Z[M*BOJ* ME*ZC*[JCH*DNMB*KO[MNEL"*,VJEL

^!``<_* FCSEFMJ* (k-:FOMNELJ* XEF* KEOJMOG* SGONL* OLH* REHCFL* JBCGX* JCHNRCLMJ* BOFHGV* CUKCCHNLT

POG[CJ*v3d"*#FCOMCF*POG[CJ*SEJJNZGV*FCXGCKM*O*BNTBCF* NLXG[CLKC*EX*SOFMNK[GOMC*EFTOLNK*ROMMCF

GNYC*DEEH*XFOTRCLMJ*OLH*GCOX*MNJJ[C"

1K6K1 2OXFE&%MLQLCDP

,BC* RObEF* CGCRCLMJ* DCFC* OLOGV\CH* EL* SEDHCFCH* JORSGCJ* NL* MBC* 0CSOFMRCLM* EX* 9OFNLC

4NETCEKBCRNJMFV*OLH*=OGECEKCOLETFOSBV*OM* MBC*/LNPCFJNMV*EX*4FNMNJB*(EG[RZNO* ^6OLKE[PCF_

[JNLT*p27* MCKBLN][CJ*EL* TGOJJ* ZCOHJ"* ,BC* TGOJJ* ZCOHJ* OFC* KOJM* XFER*O*RNUM[FC*EX* d";* T* EX
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JORSGC*ROMCFNOG*OLH*O*XG[U*ZV*BCOMNLT*ME*!!ddg*(*XEF*!<*RNL"*,BC*OLOGVJCJ*DCFC*KOFFNCH*E[M

EL* O* =BNGNSJ* =>* !;dd* DOPCGCLTMB:HNJSCFJNPC* JC][CLMNOG* O[MEROMNK* JSCKMFERCMCF"* ,BC

KERSGCMC*SFEKCH[FC*NJ*HCJKFNZCH*NL*HCMONG*ZV*(OGPCFM*CM*OG"*^!`a<_"

2CJ[GMJ* DCFC* KEFFCKMCH* XEF* JCO* JOGM* OJJ[RNLT* O* JOGNLNMV* EX* 3<* SJ[* DNMB* OL* OPCFOTC

KELKCLMFOMNEL*EX*HNJJEGPCH*JOGM"

1K6K4 !EOIL&%MLQLCDP&OCG&+E<&OCG&*G<-PFDFRLP

,BC*TCEKBCRNKOG* KERSEJNMNEL*EX*HCMFNMOG* JCHNRCLMJ* FCXGCKMJ* MBC* TCEKBCRNJMFV* EX* MBC* JE[FKC

FEKYJ"* ,E* HCMCFRNLC* SFEPCLOLKC* OLH* HNJMFNZ[MNEL* EX* HCMFNMOG* JCHNRCLMJ* EL* MBC* 6NCMLORCJC

+BCGXQ* !@* JORSGCJ*DCFC* OLOGV\CH* XEF* MBC* KELKCLMFOMNEL*EX* ,FOKC* $GCRCLMJ* OLH* +F:* OLH*-H:

NJEMESNK* KERSEJNMNEL"* +CPCL* J[FXOKC* JORSGCJ* EX* Z[GY* JCHNRCLMQ* FCXGCKMNLT* MBC* FCKCLM

KELHNMNELJ*OLH*LNLC*Z[GY*JORSGCJ*HOMCH*DNMB*MBC*)9+:!;(*MCKBLN][C*ME*COFGV*8EGEKCLC*OTC

BOPC* ZCCL* NLPCJMNTOMCH* ME* HCMCKM* KBOLTC* EX* JE[FKCJ* H[C* ME* REHNXNCH* JCHNRCLMEGETNKOG

KELHNMNELJ*NLKG[HNLT*EKCOLETFOSVQ*BVHFETFOSBV*OLH*KGNROMC"

,FOKC* CGCRCLM* OLH* NJEMESNK* OLOGVJCJ* DCFC* KOFFNCH* E[M* H[FNLT* MDE* PNJNMJ* ME* +EKXOK

^+E[MBORSMEL* %KCOLETFOSBV* (CLMFCQ* &OFTC* +KOGC* )LOGVMNKOG* 7OKNGNMV_* OM* MBC* +E[MBORSMER

%KCOLETFOSBV*(CLMFC"

+ORSGC*SFCSOFOMNEL*TCLCFOGGV* XEGGEDCH* MBC*DEFY*EX*4OVEL* CM* OG"* ^.dd._"* ,BCV* JBEDCH* MBOM

CUKBOLTCOZGC*OLH*KOFZELOMC*XFOKMNELJ*OJ*DCGG*OJ*7C:9L*EUV:BVHFEUNHCJ*BOPC*O*TFCOM*CXXCKM*EL

MBC*2$$*OLH*NJEMESNK*JNTLOG"*,BC*FCREPOG*EX* MBEJC*XFOKMNELJ*PNO*JC][CLMNOG* GCOKBNLT* GCH* ME*O

HCMFNMOG*XFOKMNEL*EX*S[FC*KELMNLCLMOG*EFNTNL"

)SSFEUNROMCGV* .dd*RT* EX* MBC* JCHNRCLM*DCFC* DCNTBCH* NLME* TGOJJ* ZCOYCFJ* DNMB* !d* W* ^PkP_

OKCMNK* OKNH* ME* FCREPC* MBC* KOFZELOMC* OLH* CUKBOLTCOZGC* XFOKMNELJ"* )XMCF* XE[F* BE[FJ* NL* OL

[GMFOJELNK*ZOMBQ*MBC*J[JSCLJNEL*DOJ*FNLJCH*OLH*KCLMFNX[TCH"

!d*RG*EX* O*RNUM[FC*EX*!9*BVHFEUVGORNLC*BVHFEKBGEFNHC* JEG[MNEL* NL*.<*W* ^PkP_* OKCMNK* OKNH

^88_*DOJ*OHHCH*ME*MBC*FCJNH[C*NL*=,7$*ZCOYCFJ*ME*CUMFOKM*NFEL*OLH*ROLTOLCJC*EUNHCJ"*)XMCF

MBFCC*BE[FJ*EL*O*BEMSGOMC*OM*`dg*(*MBC*JEG[MNEL*DOJ*KCLMFNX[TCH*OTONL"

,BC*EFTOLNK*XFOKMNEL*DOJ*FCREPCH*XFER*MBC*FCJNH[C*ZV*OHHNLT*!d*RG*EX*<*W*8.%.*DBNKB*DOJ

GCXM*EL*O*JBOYCF*EPCFLNTBM"*,BC*FCRONLNLT*HCMFNMOG*XFOKMNEL*DOJ*MFCOMCH*DNMB*.*RG*EX*O][O*FCTNO

ME*FCREPC*SEJJNZGC*LEL:HCMFNMOG*FCRLOLMJ"*7NLOGGVQ*MBC*HCMFNM[J*DOJ*HNTCJMCH*EL*O*BEMSGOMC*OM

!Adg(*XEF*;a*BE[FJ*ZV*OHHNLT*O*87:8(G%;*^3*RGk.*RG_*RNUM[FC*OLH*J[ZJC][CLMGV*CPOSEFOMCH

ME*HFVLCJJ"*,E*OPENH* MBC* XEFROMNEL*EX* XG[EFNHCJ* X[FMBCF* !"<*RG* EX*8(G%;* DCFC* OHHCH"*)XMCF

CPOSEFOMNEL* MBC*JORSGC*DOJ* MOYCL*[S* NL*@*RG*EX*@9*8(G*OLH* MBC*uREMBCFu* JEG[MNELJ*DCFC

FCOHV*XEF* X[FMBCF*SFEKCJJNLTQ* N"*C"* '(=:9+*OLOGVJCJ*OLH*KBCRNKOG*JCSOFOMNEL*SFNEF* ME* NJEMESC

OLOGVJCJ"*+F*DOJ*NJEGOMCH*XFER*MBC*REMBCF*JEG[MNEL*[JNLT*KEG[RLJ*XNGGCH*DNMB*+F*FCJNL*^+F*JSCKQ

$N(BFER*'LH[JMFNCJ* 'LK"* 'GGNLENJQ*/+)_"*=FNEF* ME* MBC* JCSOFOMNEL*EX*-HQ* MBC*2$$*DCFC* NJEGOMCH
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XFER*MBC*RObEF*CGCRCLMJ*ZV*KOMNEL*CUKBOLTC"*-H*DOJ*JCSOFOMCH*XFER*MBC*2$$*[JNLT*80$8=:

KEOMCH*MCXGEL*SEDHCF*KEG[RLJ"

+F*OLH*-H*NJEMESCJ*DCFC*RCOJ[FCH*DNMB*O*JCPCL:KEGGCKMEF*6#:9NKFEROJJ*+CKMEF*<;*MBCFROG

NELN\OMNEL*ROJJ*JSCKMFERCMCF*DNMB*OL*CUMCFLOG*SFCKNJNEL*EX*wk:!;SSR*^.*J"H"_*XEF*a@+Fkaa+F*OLH

wk:*aSSR*^.*J"H"_*XEF*!;3-Hk!;;-H"*'JEMESC*FOMNEJ*DCFC*LEFROGN\CH*ME*a@+Fkaa+F*r*d"!!`;*OLH
!;@-Hk!;;-H* r* d"A.!`"* ,BC* OLOGVJNJ* EX* MBC* JMOLHOFHJ* -4+* +29* `aA* OLH* 5-HN* FCM[FLCH* O
aA+Fka@+F*EX*d"A!d.;3*x*a*OLH*O*!;3-Hk!;;-H*EX*d"<!.!d`*x!;Q*FCJSCKMNPCGV"

)LOGVJCJ*EX*MBC*2$$*DCFC*SCFXEFRCH*ZV*NLH[KMNPCGV*KE[SGCH*SGOJRO*ROJJ*JSCKMFERCMFV*^'(=:

9+_*[JNLT*O*6#*$GCRCLMOG*=GOJROh[OH*.w*^CUMCFLOG*OKK[FOKV*<W*^.*J"H"_Q*NLMCFLOG*SFCKNJNEL

ZCMMCF*MBOL*3W*^.*J"H"_*^4OFFOM*OLH*-CJZNMMQ*!``@_"

1K6K6 '[VNLC&-PFDFRLP&FT&(FEOQJCJTLEOM&+SLMMP

,BFCC*KEFCJ*BOPC*ZCCL*NLPCJMNTOMCH*XEF*POFNOMNELJ*NL*δ!a%*OLH*δ!3(*EX*XEFORNLNXCFOG*MCJMJ"*,BC

ELGV* JSCKNCJ* DNMB* O* KELMNL[E[J* OLH* J[XXNKNCLM* OZ[LHOLKC* MBFE[TBE[M* MBC* KEFCJ* DCFC* MBC

ZCLMBNK* XEFORNLNXCFO* P)15*/*=+' ,/B.%=+* ^(/+89)-Q* !`.._* OLH* L$%*$%' &=I-=;?*-=+

^(/+89)-Q*!`.;_Q*FCJSCKMNPCGV"*,BC*JNTLOG*EX*MBC*JMOZGC*EUVTCL*NJEMESCJ*GOFTCGV*HCSCLHJ*EL

MBC*KELHNMNELJ*EX*MBC*ORZNCLM*DOMCFJ*^MCRSCFOM[FCQ*JOGNLNMV_*^+BOKYGCMELQ*!`AAc*!`aA_"

>BCFC* OPONGOZGCQ* .d* JSCKNRCL* DCFC* JCGCKMCH* XFER* MBC* HFV:JNCPCH* .<d* :* <dd* oR* XFOKMNELQ

KFOKYCH*OLH*DOJBCH*MBFCC*MNRCJ*DNMB*CMBOLEG*XEF*.d*JCKELHJ*NL*OL*[GMFOJELNK*ZOMB*ME*FCREPC

HCMFNM[J*OLH*KOFZELOMC*XFOTRCLMJ"*7NLOGGVQ*MBC*JORSGCJ*DCFC*HFNCH*OM*;dg(*EPCFLNTBM"

,BC* JMOZGC* NJEMESCJ* DCFC* RCOJ[FCH* OM* MBC* &CNZLN\:&OZEFOMEFV* XEF* 2OHNERCMFNK* 0OMNLT* OLH

'JEMESC* 2CJCOFKBQ* ?NCG* DNMB* O* 7NLLNTOL* 9),* .<!* ME* O* SFCKNJNEL* EX* d"da* y* XEF* δ!a%* OLH

d"d;*y*XEF*δ!3(*FCGOMNPC*ME*MBC*=CC0CC*2NPCF*4CGCRLNMC*^=04_*JMOLHOFH"

1K= (HEDSLE&2LDSFGP

1K=K, 5OEOPFHCG

=FNEF*ME*KEFNLT*ESCFOMNELJQ*MBC*JCO:XGEEF*EX*MBC*JM[HV*OFCO*DOJ*NLPCJMNTOMCH*DNMB*MBC*JBNSZEOFH

=OFOJE[LH:JVJMCR* ^+,-*)MGOJ* $GCYMFELNY*#RZ8Q*4FCRCL_*DBNKB*[JCJ* MBC*SOFORCMFNK* CXXCKM"

8CFCQ* MDE* HNXXCFCLM* XFC][CLKNCJ* ^!a* Y8\* OLH* .d"<* :* .3"<* Y8\Q* FCJSCKMNPCGV_* OFC* CRNMMCHQ

TCLCFOMNLT*O*DEFYNLT*XFC][CLKV*EX*."<*:*<"<*Y8\*DBNKB*FCJ[GMJ*NL*LOFFED*ZCOR*KBOFOKMCFNJMNKJ

FCM[FLNLT* SFCKNJC* JNTLOGJ* EX* MBC* JCO:XGEEF* OLH* NMJ* J[ZJ[FXOKC* FCXGCKMEFJ"* (EFFCGOMNEL* EX

JCHNRCLMOFV*JMFOMO*^NLPCJMNTOMCH*EL*MBC*JCHNRCLM*KEFCJ_*DNMB*JNRNGOF*SBVJNKOG*KBOFOKMCFNJMNKJ*NJ

MB[J*JNRSGNXNCH*OLH*MBC*GOMCFOG*CUMCLM*EX*JCHNRCLM*ZEHNCJ*MFOKCOZGC"*,ETCMBCF*DNMB*MBC*TFE[LH:
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MF[MBNLT*EX*JCHNRCLMEGETNKOG*OLH*TCEKBCRNKOG*NLPCJMNTOMNELJ*MBC*OZ[LHOLKC*OLH*HNJMFNZ[MNEL

EX*JCHNRCLMOFV*JMFOMO*EL*MBC*JBCGX*KOL*ZC*CJMNROMCH"

1K=K1 )EFPP&)FEELMODJFC

+CPCFOG* RCMBEHJ* DCFC* CRSGEVCH* ME* KBOFOKMCFN\C* MBC* HCSEJNMJ* XFER* MBC* JM[HV* OFCO"

-CPCFMBCGCJJQ* COKB* JNLTGC* RCMBEH* CRSGEVCH* NL* MBNJ* DEFY* VNCGHJ* ELGV* GNRNMCH* NLXEFROMNEL

OZE[M*SFCJCLM*OLH*SOJM* JCHNRCLMEGETNKOG*KELHNMNELJ"*%LGV* MBC* NLMCTFOMNEL*EX* OGG* FCJ[GMJ* ME* O

REJONK*KOL*GCOH*ME*O*KGCOF*NROTC*EX*MBC*HCSEJNMNELOG*BNJMEFV"

,OZ"*.*JBEDJ*OL*EPCFPNCD*EPCF*MBC*HNXXCFCLM*RCMBEHJ*CRSGEVCH*EL*COKB*KEFC*ME*NLPCJMNTOMC

MBC*JORSGCH*ROMCFNOG"

./*$%(''#.-5$/&'.+1)$F./'$%'.,25'2$;.
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18375-2 50 - x x x
18376-2 50 2 x x x
18377-2 60 - x x x
18389-3 40 3 x x x
18391-2 20 5 x x x x x x
18393-3 50 3 x x x
18396-3 100 1 x x x
18397-2 20 2 x x x
18398-3 50 - x x x
18401-3 20 2 x x x x x x x
18404-3 20 3 x x x x
18405-3 20 - x n.a. x
18408-3 20 3 x x x
18409-3 100 3 x x x x x x x
18414-3 20 1 x x x x x x x
18415-2 50 4 x x x x x x
18416-2 20 2 x x x x x x x
18417-3 100 2 x x
18419-3 100 2 x x
18420-2 100 2 x x
18422-3 20 1 x x
18423-2 20 2 x x x x x x x
18424-2 100 - x x
18425-2 100 1 x x
18426-2 20 2 x x x x
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4 5EJCIJROM&/ODOWOPL

4K, "2+<,6)&/ODJCN

;<* JORSGCJ*DCFC* HOMCH* DNMB* MBC* )9+:!;(* RCMBEH"* )GG* FCJ[GMJ* DCFC* KOGNZFOMCH* ME* KOGCLHOF

VCOFJ*4=*^KS"*KBOSMCF*;_"*>BNGC*REJM*JORSGCJ*HOMC*ZOKY*ME*GOMC*=GCNJMEKCLC*EF*COFGV*8EGEKCLC

MNRCJ*MBC*VE[LTCJM*HOMC*NJ*@@<*)9+:!;(*VCOFJ*4=*OLH*MBC*EGHCJM* NJ*v;`..d*)9+:!;(*VCOFJ

4="*,OZ"*3*TNPCJ*OL*EPCFPNCD*EPCF*MBC*FCJ[GMJ*EX*MBC*)9+:!;(*HOMNLT*KORSONTL"

7EF* COJV* KERSOFNJEL* EX* KEFCJ* OLH* FCJSCKMNPC* !;(:HOMCJ* 7NT"* <* JBEDJ* OL* EPCFPNCD* EPCF* OGG

KEFCJ*^p:FOV*&ET*EF*KEFC*HCJKFNSMNEL_*XFER*JE[MB*ME*LEFMB*DNMB*DOMCF*HCSMBJ*OLH*OGG*)9+:!;(

HOMCJ"

4K,K, .LPLEUFJE&"NL&TFE&2OEJCL&)OEWFCODL&+OQRMLP&TEFQ&DSL&7JLDCOQLPL&+SLMT

+BEFMGV*S[ZGNJBCH*FCJCFPENF*OTCJ*XEF*JCHNRCLMJ*XFER*MBC*+E[MB*(BNLO*+CO*ZV*+E[MBEL*CM*OG"*^NL

SFCJJ_*POFV*ZCMDCCL*.;;*x*@d*OLH*<;d*x*@d*VCOFJ*4="*)*KOGK[GOMCH*FCJCFPENF*OTCQ*HCFNPCH

XFER*[LOGMCFCH*DEEH*OLH*KOFZELOMC*JBCGG*XFOTRCLMJQ*FCJSCKMNPCGVQ*XFER*KEFC*!a;!<:.*FCM[FLJ

O*SEJJNZGC*FCJCFPENF*OTC*EX*.!d*x*@<*VCOFJ*4=*DBNKB* NJ* NL*OKKEFHOLKC*DNMB*+E[MBELIJ*HOMO

XFER* +NLTOSEFC* OLH* +ONTEL"*#CLCFOGGVQ* FCJCFPENF* OTCJ* NL* MBC* +(+* JCCR* ME* ROMKB* DNMB* MBC

TGEZOGGV*OJJ[RCH*;dd*VCOFJ* ^+E[MBEL*CM*OG"Q* NL*SFCJJ_Q*OGMBE[TB*MBC*FCJCFPENF*OTC*ROV*HNXXCF

LEMOZGV* XFER* MBC* TGEZOGGV* OJJ[RCH* POG[C* ^#FEEMCJQ* SCFJ"* KERR"_* H[C* ME* MBC* NLXG[CLKC

RCMCEFNK* DOMCFQ* CJSCKNOGGV* NL* MBC* KEOJMOG* OFCO"* 8EDCPCFQ* ME* CLJ[FC* KERSOFOZNGNMV* DNMB

SFCPNE[J* JM[HNCJ* XFER* MBC* +(+Q* HOMCJ* RCOJ[FCH* EL* KOFZELOMC* JBCGGJ* DCFC* KEFFCKMCH* XEF* O

FCJCFPENF*CXXCKM*EX*;dd*VFJ"

4K1 +LGJQLCDFMFNV

,BC*SFNLKNSOG* JCHNRCLMEGETNKOG* FCJ[GMJ*EX* MBC*.<* JCHNRCLM* KEFCJ* NLKG[HNLT*(O(%3Q*(EFT* OLH

(k-* OFC* E[MGNLCH* NL* ,OZ"* ;"* (ELMCLMJ* EX* JOLHQ* (O(%3Q* (EFTQ* OLH* FCJ[GMJ* EX* (k-Q* 9OT+[JQ

KERSELCLM* OLOGVJNJ* OLH* MBC* p:FOV* GET* KOL* ZC* XE[LH* OJ* SFEXNGC* SGEMJ* NL* MBC* OSSCLHNU"* )L

CUORSGC*NJ*HCSNKMCH*NL*7NT"*@"*%MBCF*FCJ[GMJ*GNYC*KELMCLM*EX*DOMCFQ*MEMOG*KOFZEL*OLH*LNMFETCL

KOL*ZC*XE[LH*NL*MBC*HOMO*JSFCOHJBCCM*NL*MBC*OSSCLHNU"
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Fig 5: Arrangement of the studied sediment cores 
from S to N and according to modern water depth
(X-ray Log or core description) with AMS-14C dates.
Dates of reworked material in italic.
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Core Water Sample Sample mg C AMS-14C age Deviation δδδδ13C Deviation
number depth [m] depth [cm] material [years BP] + - [‰] ±

18376-2 89 40 bivalve shell (Arca sp.?) 2.1 8610 45 45 0.42 0.08
18376-2 89 472 crustacean arm 0.7 27140 210 200 -4.11 0.25

18389-4 109 99 wood, insoluble 4.7 12215 50 50 -27.98 0.12
18389-4 109 99 wood, humic acids 1.1 12160 70 70 -28.01 0.07
18389-4 109 186 wood, insoluble 5.1 12450 70 70 -27.47 0.06

18391-2 115 207 selected shell fragments 1.5 4960 35 35 0.61 0.06
18391-2 115 255 gastropod fragment 2.0 4875 35 35 0.41 0.22
18391-2 115 295 pteropods 1.3 6580 45 45 -0.37 0.14
18391-2 115 332 sea urchin (sand dollar) 1.6 7955 40 40 0.27 0.14
18391-2 115 360 Rotalia sp. 1.4 10040 60 60 0.03 0.23

18393-3 156  25 - 32 bivalve shell (Arca sp.) 0.8 665 25 25 -0.56 0.17
18393-3 156 102 - 107 bivalve shell (Paphia sp.) 1.3 1225 25 25 -1.22 0.14
18393-3 156  207 selected shell fragments 0.4 12160 60 60 -4.11 0.12
18393-3 156  207 selected shell fragments 1.1 24330 170 170 1.43 0.05

18396-3 61 250 Rotalia sp. 2.0 >49220 0.31 0.09

18397-2 45 413 small gastropod 2.0 3910 35 35 0.18 0.09
18397-2 45 488 gastropod 0.8 4800 35 35 -2.74 0.25

18401-3 134 226 gastropod 0.9 2590 40 40 0.69 0.16
18401-3 134 590 Rotalia sp. 1.1 9910 50 50 -0.68 0.35

18404-3 169 49-57 pteropods 1.3 5705 35 35 5.86 0.31
18404-3 169 60 Rotalia sp. 0.8 29100 390 370 -1.09 0.14
18404-3 169 225 gastropod 1.3 8015 50 50 4.27 0.09

18408-3 108 152 pteropods 1.6 1605 30 30 -0.38 0.05
18408-3 108 265 bulk sediment, lauge 1.0 16110 120 120 -23.03 0.11
18408-3 108 265 bulk sediment, humic acid 0.2 12580 310 290 -23.80 0.42

18409-3 40  90 - 93 selected shell fragments 1.0 735 30 30 -0.54 0.16
18409-3 40 525 sea urchin (sand dollar) 1.5 5930 35 35 0.99 0.13
18409-3 40 559 sea urchin 1.4 8775 50 50 0.11 0.27

18414-3 21 267 bivalve shell (Glycimeris
sp./Cardium sp.)

1.0 6005 35 35 -0.02 0.05

18415-2 38  106 - 109 gastropod (Phasianella solida) 2.2 3020 30 30 -0.36 0.09
18415-2 38 250 pteropods 1.3 7735 40 40 -3.21 0.30
18415-2 38 526 fresh carbonate fragments 1.4 7970 50 45 0.39 0.13
18415-2 38 526 wood 3.5 7760 45 45 -29.28 0.06

18416-2 66 97-99 bivalve shell (Paphia sp.) 1.4 9195 45 45 -2.1 0.13
18416-2 66 491-492 bivalve shell (Paphia sp.) 1.2 9820 50 50 0.16 0.13

18417-3 97 9-17 gastropod (Cymatium sp.) 0.8 4700 45 45 0.48 0.26
18417-3 97 450 Rotalia sp. 1.4 11810 60 60 -2.66 0.32

18419-3 82 130 Rotalia sp. 1.3 5740 60 60 1.83 0.09
18419-3 82 525 sea urchin fragment 0.74 9610 60 60 -2.33 0.21

18420-2 62 40-43 pteropods 0.9 900 25 25 -0.73 0.18
18420-2 62 511 sea urchin fragments 1.5 8265 50 50 0.87 0.13

18422-3 84 51 gastropod 1.2 5020 30 30 0.78 0.08

18423-2 97 2 selected shell fragments with
periostracum

1.6 2445 30 30 0.75 0.05

18423-2 97 46.5 sea urchin 1.3 13030 60 60 -1.75 0.20

18425-2 95 29 bivalve shell (Barbatia
amygdalumtostum)

0.8 12575 60 60 -0.38 0.12

18426-2 92 55 bivalve shell (Isognomon sp.) 1.4 30130 320 300 3.47 0.04
18426-2 92 133 Rotalia sp. 1.3 43210 2630 1980 -0.21 0.17
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Core No

water depth

Short description

18375-2
87 m

high sand content in the upper part; low CaCO3 except at the top

18376-2
89 m

discontinuity in the lower part; sand content highly variable; lowest part dominated
by shell fragments and lithoclasts, middle part lithoclasts and plant fragments,
upper part foraminifers, shell fragments and lithoclasts;

18377-2
98 m

high sand content in lower part; nearly 100 % lithoclasts in lower part passing over
to 50 % plant fragments in upper part

18389-3
109 m

18391-2
115 m

low sand content in lowest part passing over to a high sand content in upper part;
high Corg content in lowest part passing over to low Corg in upper part; mainly
foraminifers and shell fragments

18393-3
156 m

high sand and CaCO3 content in upper part; discontinuity between 100 cm and 200
cm

18396-3
61 m

discontinuity around 300 cm; low sand content with maximum of 36 %, mainly plant
fragments in the lower part changing to shell fragments and lithoclasts in the upper
part; sediment partly reworked

18397-2
45 m

two discontinuities in lower part; low sand content, not much variation throughout
the core except one outlier in the lower part, low Corg in lowest part

18398-3
59 m

discontinuity in lower part; low sand content, generally low variability

18401-3
134 m

discontinuity around 600 cm; about 15 %  of sand, not much variation throughout
the core; mainly foraminifers and shell fragments

18404-3
169 m

discontinuity around 250 cm, sand content 0 - 80 %, high CaCO3 of up to 36 % in
the middle part , in the lowest part mainly plant fragments and lithoclasts, otherwise
shell fragments and lithoclasts (partly reworked)

18405-3
130 m

poss. discontinuity at the top, low sand content, no variation throughout the core

18408-3
108 m

discontinuity at 212 cm; very low sand content in lower part, up to 30 % in the
upper part; lower part dominated by plant fragments and lithoclasts, upper part
dominated by shell fragments; partly reworked

18409-3
40 m

discontinuity around 540 cm, low sand content except below discontinuity;

18414-3
21 m

sand content around 50 %; low CaCO3, higher C/N than previous cores; core
dominated by lithoclasts and shell fragments but shell and plant fragments in
lowest part

18415-2
38 m

no obvious discontinuities, but numerous slumps in lower and middle part; sand
content ca. 60 % in upper ,30 % in lower part; low CaCO3 except upper in part;
lower part mainly shell and plant fragments, middle part shell fragments, upper part
lithoclasts;

18416-2
66 m

low sand content in lower part, up to 20 % in upper part, low variation in other
proxies; mainly shell and plant fragments, uppermost part mainly shell fragments
and lithoclasts

18417-3
97 m

decreasing sand content with depth, low variation in other proxies; lower part
dominated by shell and plant fragments upper part shell fragments with some
lithoclasts

18419-3
82 m

very low sand content in lower part, up to 50 % in upper part, CaCO3 around 10 %;
shell fragments and lithoclasts in lower part, shell fragments and foraminifers in
upper part

18420-2
62 m

sand content around 50 % except lowest part  (5 %), CaCO3 around 10 %; mainly
shell fragments, lowest part with benthic foraminifers and plant fragments

18422-3
84 m

decreasing sand content with depth, CaCO3 generally low except uppermost
sample
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18423-2
97 m

two discontinuities in the upper part; sand content generally low except one outlier
(26 %) in upper part

18424-2
90 m

low sand content, generally low variability

18425-2
95 m

decreasing sand content with depth, low variability; mainly plant fragments with
increasing amounts of shell fragments upcore

18426-2
92 m

discontinuity around 100 cm; sand content low in lower part but high in upper part;
lower part dominated by plant fragments, upper part bylithoclasts and glaucony �
reworked

!"#$% 1'' PQ,+1).' $8' I,&*2' &./*+.%-$)$?*2,)' /,-,' $I-,*%./' 8;$+' .,25' &./*+.%-' 2$;."' S.;2.%-,?.' $8' 2$+1$%.%-&

;.8.;;*%?'-$'-5.'3H\'@'H\\']+'8;,2-*$%K'2$;.'!^<\^@9"'R$;'G@;,F'A$?').?.%/'&..'!"#$%0'$;'!"#$%&)

,BC*JCHNRCLMJ*XFER*MBC*6NCMLORCJC*+BCGX*OFC*TCLCFOGGV*TFOV*ME*EGNPC*KGOVJ*DNMB*KELJNHCFOZGC

ORE[LMJ*EX*JNGM*OLH*JOLH"*'L*MBC*OFCO*EX*MBC*SOGCE:9CYELT*MBC*JCHNRCLMJ*OFC*REFC*ZFEDLNJB

H[C*ME*MBC*NLXG[CLKC*EX*MBC*9CYELT"*8CFCQ*MBC*JCHNRCLMJ*BOPC*SOFMGV*PCFV*BNTB*JOLH*KELMCLMJQ

JERCMNRCJ* CUKCCHNLT* `d* W"* 7[FMBCF* EXXJBEFCQ* JOLH* KELMCLM* MVSNKOGGV* HNRNLNJBCJ* H[C* ME

HCKFCOJNLT* NLXG[CLKC*EX* MBC*9CYELT"*,BC*KCLMFOG*SOFM*EX* MBC* JM[HV*OFCO* NJ* KBOFOKMCFN\CH*ZV

BNTB* JOLH* KELMCLMJ* H[C* ME* MBC* SFEUNRNMV* EX* MBC* BNLMCFGOLH"* +CHNRCLMJ* XFER* HCCSCF* KEFCJ

^q*`d* R_* SOFMGV* JBED* BNTB* JOLH* KELMCLMJ* H[C* ME* O* BNTB* OZ[LHOLKC* EX* ROFNLC

0 50

0 50

Sand [%]

0 10
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0 10
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Shell fragments
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Coarse grain analysis X-ray Log
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RNKFEEFTOLNJRJ"* 'L* MBC* LEFMBCFL* SOFM* EX* MBC* JM[HV* OFCO* MBC* JOLH* KELMCLM* NJ* TCLCFOGGV* GED"

%LGV* MBC*[SSCFREJM*KCLMNRCMCFJ*EX* MBC*HCSEJNMJ* JBED*JOLH*KELMCLMJ*CUKCCHNLT*!d*W"*,BNJ

BNTBCF*JOLH*KELMCLM* NJ*OMMFNZ[MOZGC* ME* FCDEFYNLT*SFEKCJJCJ*DBNKB* NJ*KELXNFRCH*ZV*TGO[KELV

OLH*OLEROGE[J*OTCJ*EX*MCJMJ*EX*C$-,)*,'&1"*OLH*ZNPOGPC*JBCGGJ"

,BC*KOFZELOMC*KELMCLM* NJ* SFNROFNGV* KELMFEGGCH*ZV* MBC* ORE[LM* EX*ROFNLC*RNKFEEFTOLNJRJ*EF

XFOTRCLMJ*MBCFCEX*OLH*JBEDJ*BNTBCJM*POG[CJ*NL*MBC*KEFCJ*XFER*HCCSCF*DOMCF*HCSMBJ*^v*`d*R_

DBCFC*MBC*ROFNLC*NLXG[CLKC*NJ*BNTBCJM*KERSOFCH*ME*MBC*EMBCF*KEFNLT*JNMCJ*NLPCJMNTOMCH*NL*MBNJ

JM[HV"* (EFCJ* XFER* JBOGGEDCF* DOMCF* HCSMBJQ* DBNKB* OFC* LEM* NL* MBC* HNFCKM* NLXG[CLKC* EX* FNPCFJ

JBED*OGJE*SOFMGV*BNTB*KOFZELOMC*KELMCLM"

'L*KELMFOJM*ME*8OLCZ[MB*^.ddd_*DBE*XE[LH*O*ZFEOH*POFNCMV*EX*SOGCE:XOKNCJ*MBOM*DCFC*HCSEJNMCH

H[FNLT*HNXXCFCLM*JMOTCJ*EX*JCO:GCPCG*EL*MBC*+[LHO*+BCGXQ* MBC*POFNOZNGNMV*EX*SOGCE:XOKNCJ*EL* MBC

6NCMLORCJC*+BCGX*NJ*J[FSFNJNLTGV*GED"*%LC*SEJJNZGC*FCOJEL*ROV*ZC*MBC*JCGCKMNEL*EX*JORSGNLT

GEKOMNELJ* DBNKB* EL* MBC* +[LHO* +BCGX* DCFC* REJMGV* HFEDLCH* SOGCE:POGGCVJQ* Z[M* EL* MBC

6NCMLORCJC*+BCGX*BOH*ME*ZC*GEKOG*HCSFCJJNELJQ*H[C*ME*MBC*FOFC*OZ[LHOLKC*EX*SOGCE:POGGCVJ*^KS"

>NCJLCF*CM*OG"*!```_"*)LEMBCF*FCOJELQ*CJSCKNOGGV*EL*MBC*LOFFED*KCLMFOG*SOFM*EX*MBC*6NCMLORCJC

+BCGXQ*ROV*ZC*MBC*BNTB*TFOHNCLM*EX*MBC*JBCGXQ*DBNKB*GCXM*MBC*EGH*MCFFCJMFNOG*J[FXOKC*CUSEJCH*ME

NLMCLJNPC*CFEJNEL*NL*MBC*KE[FJC*EX*JCO:GCPCG*FNJC"*=FCPNE[J*NLPCJMNTOMNELJ*EL*JCHNRCLMJ*XFER*MBC

SOGCE:9CYELT*HCGMO*EL*MBC*6NCMLORCJC*+BCGX*^2NKBMCFQ*!``a_*FCPCOGCH*MCFFCJMFNOG*XOKNCJ*DBNKBQ

BEDCPCFQ*DCFC*GNRNMCH*ME*O*FOLTC*EX*`dd*)9+:!;(*VCOFJ*ZCMDCCL*!!*!;(*YVF*4=*OLH*!d*!;(

YVF*4=*DNMBNL*O*KEFC*XFER*@.*R*EX*REHCFL*DOMCF*HCSMB"*+NRNGOF* FCJ[GMJ* XFER*KEFC*!a3a`:3

^!..!3Q*!.;;a*!;(*VCOFJ*4=Q* MBNJ*JM[HV_* J[SSEFM* MBC*OJJ[RSMNELQ* MBOM* XOKNCJ:*OLH*REFCEPCFQ

JCO:GCPCG*FCKELJMF[KMNELJ*DNMB*GOKYNLT*SOGCE:XOKNCJ*EF*OTC*POFNOZNGNMV*NL*MBC*SOGCE:9CYELT*OFCO

EX*MBC*6NCMLORCJ*+BCGX*OFC*HNXXNK[GM"

4K1K, /JPIFCDJCHJDJLP

,BC* HNJKELMNL[NMNCJ* HNJKEPCFCH* NL* MBC* p:FOV* FOHNETFOSBNCJ* OFC* REJMGV* ME* ZC* NLMCFSFCMCH* OJ

CFEJNELOG*BNOM[JCJ*KO[JCH*NL*MBC*KE[FJC*EX*MBC*HCTGOKNOG*JCO:GCPCG*FNJC"*>BCFC*J[NMOZGC*ROMCFNOG

DOJ*XE[LHQ*MBC*JCHNRCLM*KEFC*DOJ*HOMCH*OZEPC*OLH*ZCGED*MBC*HNJKELMNL[NMV*ME*HCMCFRNLC*O

RNLNR[R*OLH*ROUNR[R*OTC*XEF*MBC*XEFROMNEL*EX*MBC*HNJKELMNL[NMV"*%LGV*MBFCC*HNJKELMNL[NMNCJ

XFER* MBEJC* KEFCJ* OFC* SEJJNZGV* [LKELXEFRNMNCJ* NL* MBC* JCLJC* EX* MBC* JC][CLKC* JMFOMNTFOSBNK

KELKCSMQ*DBNKB*OFC*J[FXOKCJ*DNMB*CPNHCLKC*EX*J[ZOCFNOG*CUSEJ[FC*^POL*>OTELCF*CM*OG"Q*!`aa_Q

JNLKC* MBCV*OFC* MBC*ELGV*HCSEJNMJ* MBOM*ZCOF* FCROFYOZGC*ORE[LMJ*EX* MCFFCJMFNOG*ROMCFNOG*DBCFC

HCSEJNMNEL* NL*O*LCOFJBEFC*CLPNFELRCLM*DOJ* XEGGEDCH*ZV*HCSEJNMNEL* NL*O*ROFNLC* XOKNCJ*OXMCF

MBC* XEFROMNEL*EX* MBC*HNJKELMNL[NMV"* 'X* KERSOFCH*DNMB* MBC*OKM[OG* JCO:GCPCG* K[FPC* XEF* MBC* +(+

^8OLCZ[MB*CM*OG"*.ddd_*MBC*HOMCH*ROMCFNOGJ*^OLH*MBCFCXEFC*MBC*HNJKELMNL[NMNCJ_*XFER*JCHNRCLM

JMOMNELJ*!a3A@:.Q*!a3a`:3*OLH*!a;.@:.*JBED*ROMKBNLT*!;(*OTCJ"
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)GG* EMBCF* HNJKELMNL[NMNCJ* JBED* O* KELMOKM* EX* ROFNLC* XOKNCJ* EL* ROFNLC* XOKNCJQ* ROYNLT* MBC

HNJKELMNL[NMNCJ*OGREJM*[JCGCJJ*XEF*SOGCE*JCO:GCPCG*NLPCJMNTOMNELJ"

,BC*HOMNLTJ*EX* MBC*EMBCF*HNJKELMNL[NMNCJ* JBED*O*BNOM[J* EX* JCPCFOG* MBE[JOLH* VCOFJ* NLHNKOMNLT

MBOM*O*JNTLNXNKOLM*MNRC*JSOL*EX*LEL*HCSEJNMNEL*EF*CFEJNEL*MEEY*SGOKC"

4K1K1 +LGJQLCDODJFC&.ODLP

+CHNRCLMOMNEL*FOMCJ*BOPC*ZCCL*KOGK[GOMCH*EL*MBC*ZOJNJ*EX*KELMNL[E[J*KEFC*JCKMNELJ*OJ*GNLCOF

JCHNRCLMOMNEL*FOMCJ* ^&+2_"*>NMB* MBC*JCHNRCLMEGETNKOG*RCMBEHJ*HCJKFNZCH*OZEPC*KELMNL[E[JQ

BNOM[J:XFCC* KEFC* JCKMNELJ* DCFC* JCGCKMCH* XEF* )9+:!;(* HOMNLT"* ,BC* OTC* EX* MBC* KEFC* MESJ* DOJ

KELJNHCFCH* ME*ZC*EX* FCKCLM*OTC*JE* MBOM*O*RNLNR[R*JCHNRCLMOMNEL*FOMC* XEF*OGG*HOMCH*KEFCJ* NJ

KOGK[GOZGC"* ,BC* JCHNRCLMOMNEL* FOMCJ* XEF* MBC* 6NCMLORCJC* +BCGX* POFV* DNHCGV* XEF* MBC* HNXXCFCLM

KEFNLT*JNMCJ"*,BCV*FE[TBGV*FOLTC*ZCMDCCL*<*KRkYVF*OLH*!dd*KRkYVFQ*Z[M*OGJE*CUMFCRCGV*BNTB

JCHNRCLMOMNEL* FOMCJ* EX* <dd* :* !ddd* KRkYVF* OFC* EZJCFPCH* XEF* JBEFM* MNRC* NLMCFPOGJ* H[FNLT* MBC

COFGV*8EGEKCLC"*$POG[OMNEL*OLH*KERSOFNJEL*EX*JCHNRCLMOMNEL*FOMCJ*EL*MBC*6NCMLORCJC*+BCGX

DNGG*ZC*REFC*SFCKNJCGV*ZC*HCOGM*DNMB*NL*KBOSMCF*;"

4K1K4 2OPP&"IIHQHMODJFC&.ODLP

,BC* HCMCFRNLOMNEL* EX* MBC* ROJJ* OKK[R[GOMNEL* FOMC* ^9)2_* EKK[FFCH* EL* MBC* ZOJNJ* EX* MBC

XEGGEDNLT*C][OMNELm

9)2*sTkKR.*U*YVF!t*r*GNLCOF*JCHNRCLMOMNEL*FOMC*sKRkYVFt****U****HFV*Z[GY*HCLJNMV*sTkKR3t

,BC* ROJJ* OKK[R[GOMNEL* FOMCJ* FOLTC* XFER* @* ME* !.dd* TkKR.YVF* DBNKB* JMOLHJ* NL* KELMFOJM* ME

OPCFOTC*8EGEKCLC*9)2J*XEF*MBC*DCJMCFL*ROFTNL*EX*MBC*+(+*S[ZGNJBCH*ZV*>OLT*^!```_*DBE

][EMCJ*OL*OPCFOTC*FOMC*EX*;"a@*TkKRzYVF"

'L*KBOSMCF*@*9)2*DNGG*ZC*[JCH*ME*KOGK[GOMC*JCHNRCLM*Z[HTCMJ*XEF*MBC*HCMFNMOG*JCHNRCLMJ*EL*MBC

6NCMLORCJC*+BCGX*NL*KELJNHCFOMNEL*EX*MBC*SFEPCLOLKC*JM[HNCJ*XFER*KBOSMCF*<*OLH*HCL[HOMNEL

NL*MBC*JE[FKC*OFCOJ*XFER*MBC*GNMCFOM[FC"

4K1K6 )MOV&2JCLEOM&"PPLQWMONL

,BC*KERSEJNMNEL*EX*KGOV*RNLCFOGJ*JBEDJ*POFNOMNELJ*XFER*LEFMB*ME*JE[MB*DNMB*NGGNMC*OJ*MBE*REJM

OZ[LHOLM* KGOV*RNLCFOG* NL* OGG* JORSGCJ"* ,BC* LEFMBCFLREJM* JORSGC* XFER* MBC* 2CH* 2NPCF* HCGMO

JBEDJ*DNMB*A<*W*MBC*BNTBCJM*NGGNMC*KELMCLM*KERSOFCH*ME*EMBCF*JORSGCJ*DNMB*;d*ME*<d*W*NGGNMC"

%LC*JORSGC*XFER*O*JCHNRCLM*JMOMNEL*NL*XFELM*EX*MBC*)LLORNMC*KBONL*JBEDJ*DNMB*.d*W*BNTBCF

JRCKMNMC* KELMCLM* MBOL* EMBCF* KEFCJ* DBNKB* JBED* d* :* !d* W* JRCKMNMC"* ?OEGNLNMC* OLH* KBGEFNMC

POG[CJ*OFC*NL*MBC*FOLTC*EX*.d*:*3d*W"
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4K4 :LFISLQJPDEV

4K4K, 'ENOCJI&)OEWFC9&)OEWFCODL&)FCDLCD&OCG&)\*

,BC*KELMCLM*EX*EFTOLNK*KOFZEL*EX*MBC*NLPCJMNTOMCH*JCHNRCLM*POFNCJ*ZCMDCCL*d"d@*OLH*."da*W"

(EFT* NJ* BNTBCJM* NL* JCHNRCLMJ* DBNKB* OFC* HNFCKMGV* NLXG[CLKCH* ZV* MCFFCJMFNOG* ROMCFNOGQ* GNYC* KEFC

!a3`!:.*DBNKB*GOV*NL*MBC*HNFCKM*NLXG[CLKC*EX*MBC*9CYELT*H[FNLT*MBC*COFGV*8EGEKCLC"*0CSEJNMJ

XFER*LCOFJBEFC*SEJNMNELJ*EF*NL*XFELM*EX*FNPCFJ*JBED*BNTBCF*(EFT*POG[CJ*MBOL*MBEJC*XFER*X[FMBCF

EXXJBEFC"*#CLCFOGGV*MBC*KELMCLM*EX*EFTOLNK*KOFZEL*GNCJ*ZCMDCCL*d*OL*d"<*W"

(ELMFOFNGVQ* MBC* KOFZELOMC* KELMCLM* NJ* BNTBCJM* NL* KEFCJ* DBNKB* OFC* [LHCF* O* JMFELT* ROFNLC

NLXG[CLKC"*,BCFCXEFC*MBC*GEDCJM*KOFZELOMC*KELMCLM*DOJ*RCOJ[FCH*NL*KEFC*!a3A@:.Q*DBNKB*NL

SOFMJ* JBEDJ* LE*ROFNLC* NLXG[CLKC* OLH* MBC* BNTBCJM* KOFZELOMC* KELMCLM* NL* KEFC* !a;d;:3* XFER

!@`*R*DOMCF*HCSMB*DNMB*3@"@*W"*,BC*OPCFOTC*(O(%3*POG[CJ*POFV*OFE[LH*<*W"

,BC* (k-Q* OJ* OLEMBCF* NLHNKOMEF* XEF* MCFFNTCLE[J* NLXG[CLKCH* JCHNRCLMOMNELQ* JBEDJ* POG[CJ

ZCMDCCL**<*OLH*.3Q*ZCNLT*BNTBCJM* NL*KEFC*!a;!;:3Q*DBNKB*NJ*DNMB*.!*R*EX*DOMCF*HCSMB*MBC

JBOGGEDCJM*OLH*REJM*SFEUNROG*EX* MBC*NLPCJMNTOMCH*KEFCJ"*,BC*TCLCFOG*(k-*EX* MBC*EMBCF*KEFCJ

XFER*MBC*JM[HV*OFCO*FOLTCJ*OFE[LH*a"

4K4K1 2OXFE&%MLQLCDP9&!EOIL&%MLQLCDP&OCG&+E<&OCG&*G<JPFDFRLP

2CKCLM* ^J[FXOKC_*OLH*COFGV*8EGEKCLC*JCHNRCLMJ*BOPC*ZCCL*OLOGV\CH* ME*RELNMEF*SFEPCLOLKC

OLH*KBOLTC*EX*JE[FKCJ*OLHkEF*KGNROMC*H[FNLT*MBC*SOJM*!d*YVF"

0CMFNMOG* JCHNRCLMJ* EL* MBC* 6NCMLORCJC* +BCGX* OFC* HCGNPCFCH* ZV* FNPCFJ* HFONLNLT* NLME* MBC* +(+"

8OPNLT* HNXXCFCLM* JE[FKC* OFCOJ* MBC* KERSEJNMNEL* EX* MBC* JCHNRCLMJ* MFOLJSEFMCH* ZV* MBC* FNPCFJ

FCXGCKMJ* MBC* KERSEJNMNEL* EX* MBC* JE[FKC* OFCO"* 9CYELT* JCHNRCLMQ* 2CH* 2NPCF* JCHNRCLM* OLH

JCHNRCLM* XFER* MBC* JROGG*RE[LMONLE[J* FNPCFJ* XFER*KCLMFOG*6NCMLOR*BOPC*ZCCL*SFCJ[RCH* OJ

SEJJNZGC* CLHRCRZCFJ"* ,BC* OLOGVJNJ* EX* MBC*SEJJNZGC* CLHRCRZCF* JCHNRCLMJ* FCM[FLCH* KGCOFGV

HNJMNLT[NJBOZGC* POG[CJ"* ,BC* JBCGX* JCHNRCLMJ* VNCGH* FCJ[GMJ* ZCMDCCL* MBC* CLHRCRZCFJ* FCJ[GMJ"

+CHNRCLM*KEFC*!a3`!:.*EXX* MBC*9CYELT*2NPCF*BOJ*ZCCL*OLOGV\CH*HEDLKEFC*OLH*KERSFNJCJ

MBC*KERSGCMC*8EGEKCLC*MNRC*NLMCFPOGQ*JBEDNLT*KGCOF*MFCLHJ*XEF*JE[FKC*OLHkEF*KGNROMNK*KBOLTCJ

NL*MBC*BNLMCFGOLH*^+KBNROLJYN*CM*OG"*.dd!_"

,BC*JCHNRCLM*TCEKBCRNJMFV*OLH*SFEPCLOLKC*OLH*HNJMFNZ[MNEL*EX*MBC*JCHNRCLMJ*DNGG*ZC*MFCOMCH

NL*KBOSMCF*<"

4K4K4 '[VNLC&-PFDFRLP&FT&(FEOQJCJTLEOM&+SLMMP

,DE*KEFCJ*XFER*MBC*(CLMFOG*+BCGX*BOPC*ZCCL*NLPCJMNTOMCH*XEF*EUVTCL*NJEMESNK*KERSEJNMNEL*EX

XEFORNLNXCFOG*JBCGGJ"*'L*KEFC*!a;!;:3*O*MFCLH*MEDOFHJ*GNTBMCF*POG[CJ*[SKEFC*NJ*EZJCFPCH"*,BNJ

MFCLH*GNCJ*NL*MBC*FOLTC*EX*d"<*y*RCOJ[FCH*EL*ZEMBQ*L$%*$%'&=I-=;?*-=+*^(/+89)-Q*!`.;_
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OLH*P)15*/*=+' ,/B.%=+* ^(/+89)-Q* !`.._* XFER*.@A* KR* KEFC* HCSMBQ* HOMCH* ME* @dd<* !;(

VCOFJ*4=*EL*O*ZNPOGPC*JBCGGQ*ME*MBC*MES*EX*MBC*KEFC"

9COJ[FCRCLMJ*EL*MBC*JORC*JSCKNCJ*XFER*KEFC*!a;!@:.*HOMCH*ME*`a.d*!;(*VCOFJ*4=*NL*;`!"<

KR*KEFC*HCSMB*OLH*`!`<*!;(*VCOFJ*4=*NL*`a*KR*KEFC*HCSMB*JBED*NLKELJNJMCLM*EUVTCL*NJEMESNK

HOMO* "* =OFMGVQ* JNLTGC*RCOJ[FCRCLMJ* XFER* MBC* JORC* KEFC*HCSMB* FCPCOG* HNXXCFCLKCJ* NL* δ!a%* EX

!"<*y"

4K6 5OEOPFHCG&PSOMMF]&+LJPQJIP

9EFC*MBOL*!ddd*RNGCJ*EX*JCNJRNK*SFEXNGNLT*BOPC*ZCCL*KOFFNCH*E[M*H[FNLT*+%--$*KF[NJC*!;d

^>NCJLCF*CM*OG"Q*!```_"*,BC*JCHNRCLM*KEFCJ*SFCJCLMCH*BCFC*BOPC*OGJE*ZCCL*JCGCKMCH*DNMB*MBC

BCGS* EX* MBC* JCNJRNK* SFEXNGCJ"* +CHNRCLM* KEFCJ* ZCOFNLT* SFERNLCLM* J[ZJ[FXOKC* FCXGCKMEFJ* MBOM

SEJJNZGV* FCSFCJCLM* HNJKELMNL[NMNCJQ* NHCOGGV* MBC* =GCNJMEKCLC* GOLH* J[FXOKCQ* DCFC* SFCXCLMNOGGV

JCGCKMCH"*,OZ"*<*JBEFMGV*HCJKFNZCJ*MBC*JCNJRNK*J[FPCV*OM*MBC*KEFNLT*JNMCJ"*%LGV*MBEJC*FCXGCKMEFJ

OFC* RCLMNELCH* MBOM* BOPC* ZCCL* SCLCMFOMCH* DNMB* MBC* KEFNLT* HCPNKC"* +CNJRNK* FCKEFHJ* OFC

SFCJCLMCH*NL*KBOSMCF*;"

./*$%2''7.*&+*2'1;$8*).&'8;$+'-5.'2$;*%?'&*-.&"'L$-.'-5,-'$%)F'-5$&.';.8).2-$;&',;.'+.%-*$%./'-5,-'V.;.'1.%.-;,-./

IF'-5.'2$;*%?'/.B*2."'R$;'&.*&+*2';.2$;/&';.8.;'-$'25,1-.;'<"'+I&8'_'+.-.;&'I.)$V'&.,'8)$$;

Core No Seismic facies characterization

18375-2 cored close to incised valley fill
18376-2 cored close to incised valley fill, penetrated several strong reflectors
18377-2 strong reflectors in incised valley, inhomogeneously layered
18389-3 unclear, stratification inhomogeneous
18391-2 prominent reflector at 3 to 4 mbsf

18393-3 sediment wedge at shelf edge with no correspondance to neighbouring cores except
uppermost part

18396-3 prominent subsurface reflector at 2 to 3 mbsf uppermost part possibly corresponding
to 18409-3

18397-2 proximal beginning of huge sediment wedge, weakening of reflectors at ca. 4 mbsf
corresponding to upper part of 18398-3

18398-3 weakening of reflectors at ca. 5 mbsf corresponding to 18397-2, thickening of
sediment wedge

18401-3 upper part possibly corresponding to uppermost part of 18398-3
18404-3 slight subsurface reflector
18405-3 unclear, stratification inhomogeneous
18408-3 prominent subsurface reflector at ca. 3 mbsf
18409-3 only weak subsurface reflectors, upper part corresponding to 18396-3
18414-3 no prominent reflectors

18415-2 upper meters corresponding to 18414-3; numerous prominent reflectors (slumps?)
inside "sequence" below 2 to 3 meters wedging out seaward

18416-2 slight seaward dipping reflectors, lower part is not corresponding to 18415-2 or
18417-3

18417-3 upper two meters with weak reflection signal; stronger reflectors in ca. 2 mbsf
dipping seaward
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18419-3 no prominent subsurface reflectors

18420-2 no prominent subsurface reflectors, corresponding to 18419-3 with thickened
"sequence"

18422-3 strong reflection of upper 10 meters

18423-2 prominent reflector at 1 to 2 mbsf in small depression, Pleistocene surface possibly
penetrated

18424-2 prominent subsurface reflector at 4 to 5 mbsf in gentle paleo-valley
18425-2 paleo-valley incised ca. 40 m deep
18426-2 at least one prominent reflectors in upper 5 mbsf

0NFCKM*KEFFCJSELHCLKC*NJ*FCKETLN\OZGC*OM*KEFCJ*!a3`A:.*OLH*!a3`a:3Q*!a3`@:3*OLH*!a;d`:3Q

!a;!;:.*OLH*!a;!<:3*OJ*DCGG*OJ*!a;!@:.*OLH*!a;!A:3"*,BEJC*KEFCJ*OFC*HNFCKMGV*KEFFCGOMOZGC

DNMB* COKB* EMBCFQ* DBNKB* DOJ* KEFFEZEFOMCH* ZV* )9+:!;(* HOMNLTJ* OJ* DCGG* OJ* ZV* KEOFJC* TFONL

OLOGVJNJ"

,BC* SFERNLCLM* J[ZJ[FXOKC* FCXGCKMEFJ* NHCLMNXNCH* NL* MBC* JCNJRNK* FCKEFH* TCLCFOGGV* ROMKB* DNMB

HNJKELMNL[NMNCJ*FCPCOGCH*NL*MBC*p:FOV*FOHNETFOSBNCJ"*,BNJ*SCFRNMJ*O*JMFONTBMXEFDOFH*KEFFCGOMNEL

EX*J[ZJ[FXOKC*FCXGCKMEFJ*EPCF*GELTCF*HNJMOLKCJ"

4K= /LRFPJDJFCOM&%CUJEFCQLCD&OCG&(OIJLP&"PPJNCQLCD

>NMB*FNJNLT*JCO:GCPCG* MBC*HCSEJNMNELOG*CLPNFELRCLM*KBOLTCH*OLH* XOKNCJ* MFOLJNMNELJ*EKK[FFCH"

,BC* .<* JCHNRCLM* KEFCJ* OFC* KERSEJCH* EX* JCHNRCLMJ*DBNKB* OFC* OMMFNZ[MOZGC* ME* XNPC* HNXXCFCLM

XOKNCJ* MVSCJ"* ,E* OJJNTL* MBC* XOKNCJ* JCKMNELJ* NLME* TCLCMNKOGGV* KEBCFCLM* XOKNCJ* MVSCJQ* O* XOKNCJ

KGOJJNXNKOMNEL* NL* OKKEFHOLKC* DNMB* 8OLCZ[MB* ^.ddd_Q* 8OLCZ[MB* OLH* +MOMMCTTCF* ^.dd._* OLH

8OLCZ[MB*CM*OG"*^J[ZRNMMCHQ*KS"*OSSCLHNU_*BOJ*ZCCL*HCPCGESCH"*,BC*XOKNCJ*OFC*HCJKFNZCH*XFER

HNJMOG*ME*SFEUNROG*ME*MBC*KEOJMGNLC"

J1.%'75.)8*XOKNCJ

,BNJ*XOKNCJ*MVSC*DOJ*HCSEJNMCH*[LHCF*X[GGV*ROFNLC*KELHNMNELJ"*'M*NJ*KBOFOKMCFN\CH*ZV*EGNPC*TFOV

ME*HOFY*TFCCLNJB*TFOVQ*JOLHV*XEFORNLNXCFOG*R[H"*,BC*JOLH*XFOKMNELQ*TCLCFOGGV*FOLTNLT*ZCMDCCL

!<*OLH*<d*W*NJ*HERNLOMCH*ZV*JBCGG*XFOTRCLMJ*^ZNPOGPC*JBCGGJQ*CKBNLEHCFRJQ*TOJMFESEHJ_*OLH

MBC* JCHNRCLM* NJ* KERSGCMCGV* ZNEM[FZOMCH"* ,BC* ROMCFNOG* JBEDJ* O* FCGOMNPCGV* BNTB* KOFZELOMC

KELMCLM*DNMB*POG[CJ*[S*ME*3@*W"*(EFT*KELMCLM*FOLTCJ*OFE[LH*d"<*W"*)M*MBC*ZOJC*EX*MBNJ*XOKNCJQ*O

HNJKELMNL[NMV* JCSOFOMCJ* MBC* HCSEJNMJ* XFER* MBC* [LHCFGVNLT* JCHNRCLM"* ,BC* [SSCF* SOFM* EX* KEFC

!a;d;:3*JBEDJ*MBC*MVSNKOG*KBOFOKMCFNJMNKJ*EX*MBNJ*XOKNCJ*MVSC*^7NT"*A_"
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!"#$%3''J1.%'75.)8'8,2*.&K'I,&*2'&./*+.%-$)$?*2,)'/,-,'$8''2$;.'!^<\<@9'M&.2-*$%'!N

0%%.;'75.)8*XOKNCJ

,BNJ*XOKNCJ*HNXXCFJ*XFER*MBC*$1.%'&5.)8*XOKNCJ*ZV*O*REFC*SFEUNROG*SEJNMNEL*EX*HCSEJNMNEL"*'M*NJ

MVSNKOGGV* ROHC* [S* EX* EGNPC* TFOV* JNGMV* KGOV* DNMB* JBCGG* XFOTRCLMJ* HCSEJNMCH* [LHCF* ROFNLC

KELHNMNELJ"* ,BC* JOLH* KELMCLM* NJ* TCLCFOGGV* GEDCF* MBOL* !d* W* OLH* NJ* HERNLOMCH* ZV* JBCGG

XFOTRCLMJ*^<d*:*`d*W_"*,CFFNTCLE[J*NLXG[CLKC*NJ*REJMGV*FCJMFNKMCH*ME*MBC*JNGM*OLH*KGOV*XFOKMNELQ

Z[M*SGOLM*XFOTRCLMJ*EKK[F*JSEFOHNKOGGV"*,BC*KOFZELOMC*KELMCLM*HECJ*LEM*CUKCCH*<*WQ*CUKCSM

NL* J[FXOKC* JORSGCJ* OLH* MBC* (EFT* FOLTCJ* ZCMDCCL* d".* OLH* !* W"* ,BC* JCHNRCLM* NJ* TCLCFOGGV

JMFELTGV*ZNEM[FZOMCH"*(EFC*!a;d`:3*^JCKMNEL*!_*NJ*FCSFCJCLMOMNPC*XEF*MBNJ*YNLH*EX*XOKNCJ*^7NT"*a_"
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!"#$%4''0%%.;'75.)8'8,2*.&K''I,&*2'&./*+.%-$)$?*2,)'/,-,

$8''2$;.'!^<\Z@9'M&.2-*$%'!N

7*)*2*2),&-*2'0%%.;'75.)8*XOKNCJ

,BC*&*)*2*2),&-*2'*%%.;'&5.)8*XOKNCJ*NJ*KBOFOKMCFN\CH*ZV*O*JMFELT*MCFFNTCLE[J*NLXG[CLKC*NLHNKOMCH

ZV*CUMFCRCGV*BNTB*ORE[LMJ*EX* GNMBEKGOJM* ^<d* :*`d*W_* NL* MBC*JOLH* XFOKMNEL"*,BC*JOLH* XFOKMNEL

OKKE[LMJ*XEF*KO"*<d*W*EX*MBC*JCHNRCLM*XEF*MBNJ*XOKNCJ*MVSC"*,BC*JOLHV*KGOV*DNMB*JNGMV*SOMKBCJ*NJ

EGNPC*TFOV*NL*KEGEF"*(OFZELOMC*KELMCLM*NJ*TCLCFOGGV*GEDCF*MBOL*;*WQ*DBNGC*(EFT*FOLTCJ*OFE[LH

d";*W"*(k-*FOMNEJ*OFC*SOFMGV*BNTBCF* MBOL* NL*EMBCF* XOKNCJ*DNMB*POG[CJ* FCOKBNLT*.dQ* NLHNKOMNLT

MCFFNTCLE[J* NLXG[CLKC"* ,BC* JCHNRCLM* NJ* ELGV* JGNTBMGV* ZNEM[FZOMCH* DBNKB* NLHNKOMCJ* FCGOMNPCGV

BNTB*JCHNRCLMOMNEL*FOMCJ"*,BC*HCSEJNMNEL*EX*MBNJ*XOKNCJ*MVSC*EKK[FFCH*[LHCF*ROFNLC*KELHNMNELJ

DNMB* O* BNTB* MCFFNTCLE[J* NLXG[CLKC* H[C* ME* MBC* SFEUNRNMV* EX* FNPCFJ"* (EFC* !a;!;:3* JBEDJ* MBC

MVSNKOG*KBOFOKMCFNJMNKJ*EX*MBNJ*XOKNCJ*MVSC*^7NT"*`_"
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!"#$%5''7*)*2*2),&-*2'0%%.;'75.)8'8,2*.&K'I,&*2'&./*+.%-$)$?*2,)'/,-,'$8''2$;.'!^<!<@9

>.)-,'R;$%-*,%/'#$=-5*XOKNCJ

0CSEJNMJ*OKK[R[GOMCH*NL*MBC*>.)-,'R;$%-*,%/'#$=-5'XOKNCJ*OFC*TCLCFOGGV*XNLC*TFONLCH*DNMB*KO"

<*W*EX*JOLH*OLH*NLMCFKOGOMNELJ*EX*JOLH*EKK[F*XFC][CLMGV"*,BC*JOLH*XFOKMNEL*NJ*HERNLOMCH*ZV

GNMBEKGOJMJ* Z[M* OGJE* SGOLM* XFOTRCLMJ* OFC* OZ[LHOLM"* ,BC* JCHNRCLM* KEGEF* NJ* ZFEDLNJB* TFOV* ME

EGNPC*TFOV"*,BC*JCHNRCLM*NJ*FOFCGV*ZNEM[FZOMCH*OLH*GORNLOMNEL*EKK[FJ*XFC][CLMGV"*7[FMBCFREFC

KFEJJ:* OLH* XGOJCFZCHHNLT* NJ* KERREL"*)L* CUMFCRCGV* GED* KOFZELOMC* KELMCLM* * EX*q!*WQ* (EFT

POG[CJ* OFE[LH* d"<* W* OL* (k-* FOMNEJ* v* !d* KBOFOKMCFN\C* MBNJ* XOKNCJ* MVSC"* ,BC* HCSEJNMNELOG

KELHNMNELJ*DCFC*JMFELTGV*NLXG[CLKCH*ZV*MBC*GOFTC*FNPCF*JVJMCRJQ*NLHNKOMCH*ZV*O*BNTB*ORE[LM*EX

MCFFNTCLE[J*ROMCFNOG*OLH*HCSEJNMNELOG*JMF[KM[FCJ* NLHNKOMNLT*KFEJJ*ZCHHNLT"*+CKMNEL*.*EX*KEFC

!a3A@:.*NJ*ROHC*[S*EX*MBNJ*XOKNCJ*MVSC*^7NT"*!d_"
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!"#$%&6''>.)-,'R;$%-',%/'#$=-5'8,2*.&K'I,&*2'&./*+.%-$)$?*2,)'/,-,'$8'*%'2$;.'!^9`X@3'M&.2-*$%'3N

4*/,)'R),-*XOKNCJ

,BNJ*XOKNCJ*NJ*XFCC*EX*ZNEM[FZOMNEL*OLH*JBEDJ*XNLC*GORNLOMNELJ*EX*OGMCFLOMNLT*GOVCFJ*EX*JOLH*OLH

R[H*NLHNKOMNLT*FBVMBRNK*HCSEJNMNEL*NL*O*MNHOGGV*NLXG[CLKCH*CLPNFELRCLM"*,BC*JOLH*KELMCLM*EX

MBNJ* XOKNCJ* NJ* BNTBGV* POFNOZGCQ* HCSCLHNLT* EL* JORSGNLT* EX* O* JOLH:* EF*R[H* GOVCFQ* OLH* FOLTCJ

ZCMDCCL* ;* OLH* a`* W"* ,BC* JOLH* XFOKMNEL* NJ* HERNLOLMGV* KERSEJCH* EX* GNMBEKGOJMJ"* =GOLM

XFOTRCLMJ*OLH*JSEFOHNKOGGV*JBCGG*XFOTRCLMJ*EKK[F*OJ*DCGG"*,BC*KOFZELOMC*KELMCLM*NJ*PCFV*GEDQ

JBEDNLT*POG[CJ*OFE[LH*!*W"*,BC*(k-*FOMNE*NJ*BNTBCF*MBOL*NL*EMBCF*XOKNCJ*CUKCCHNLT*POG[CJ*EX

.dQ* NLHNKOMNLT*LCOFJBEFC* MCFFNTCLE[J* NLXG[CLKC"*(EFC*!a3AA:.*KELMONLJ* MBC*4*/,)' R),-' XOKNCJ

^7NT"*!!_"
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6 3FMFILCL& OCG& MODL& 5MLJPDFILCL& +LGJQLCDP& FC& DSL& 7JLDCOQLPL& +SLMT8

/JPDEJWHDJFC9&+DEODJNEORSV9&OCG&.LMODJFC&DF&+LO<$LULM&)SOCNLP

6K, -CDEFGHIDJFC

,BC*6NCMLORCJC*+BCGXQ*MBC*DCJMCFL*ROFTNL*EX*MBC*+E[MB*(BNLO*+CO*^+(+_Q*DNMB*O*MEMOG*OFCO*EX

Add*ddd*YR.Q*DOJ*DNHCGV*CUSEJCH*H[FNLT*MBC*GOJM*JCO*GCPCG*GEDJMOLH*^7NT"*!._"*,BC*JCO:GCPCG

FNJC* XEGGEDNLT* MBC*&OJM*#GOKNOG*9OUNR[R*^&#9_*EX*OSSFEUNROMCGV*!.d*R* ^7ONFZOLYJQ*!`a`c

8OLCZ[MB*CM*OG"Q*.ddd_* FCJ[GMCH* NL* XGEEHNLT*EX* MBEJC*CUSEJCH*OFCOJ"*$JSCKNOGGV* MBC*LEFMBCFL

^#[GX* EX* ,ELYNL_* OLH* MBC* JE[MBCFL* SOFM* ^+[LHO* +BCGX_* EX* MBC* 6NCMLORCJC* +BCGX* CUSCFNCLKCH

XGEEHNLT*EPCF*GOFTC*OFCOJ*H[C*ME*MBC*DNHC*CUMCLJNEL*OLH*FCJ[GMNLT*GED*TFOHNCLM*EX*MBC*JBCGX*NL

MBNJ*OFCO"*8CFC* MBC*JBEFCGNLC*RNTFOMCH*EPCF*B[LHFCHJ*EX*YNGERCMCFJ*DNMB* FNJNLT* JCO* GCPCG"* 'L

KELMFOJMQ* MBC* JBCGX*EXX*KCLMFOG*6NCMLOR* NJ*DNMB*SOFMGV*ELGV*.d*YR*EX*DNHMB*PCFV*LOFFED*OLH

JBEFCGNLC* RNTFOMNEL* DOJ* FCJMFNKMCH* ME* JERC* MCLJ* EX* YNGERCMCFJ"* -CPCFMBCGCJJ* MBC* KBOLTNLT

EKCOLETFOSBNK* KELHNMNELJ* FCJ[GMCH* NL* O* FCEFTOLNJOMNEL* EX* MBC* HCSEJNMNELOG* JVJMCR"* ,BC

DOMCFROJJCJ*NL[LHOMCH*REFSBEGETNKOG*JMF[KM[FCJ*OLH*O*ROFNLC*MVSC*EX*JCHNRCLMOMNEL*JCM* NL"

,BC* C][NGNZFN[R* EX* HCSEJNMNEL* OLH* CFEJNEL* DOJ* HNJEFHCFCH* JCPCFCGV"* +CHNRCLMJ* DCFC

FCDEFYCH*EL*O*GOFTC*JKOGC*OLH*NL*JERC*SOFMJ*MBC*JCO*XGEEF*JMNGG*NJ*NL*HNJC][NGNZFN[R*NLHNKOMCH

ZV*FCGNKM*JCHNRCLMJ*^$RCFV*!`@a_"*,BNJ*SOSCF*MOFTCMJ*MBC*CPEG[MNEL*EX*8EGEKCLC*JCHNRCLMOMNEL

EL*MBC*6NCMLORCJC*+BCGX*OLH*XEK[JCJ*EL*MBC*HNJMFNZ[MNEL*OLH*JMFOMNTFOSBV*EX*JCHNRCLMJ*ZOJCH

EL*)9+:!;(* HOMNLTQ* JCNJRNK* FCKEFHJQ* p:FOV* FOHNETFOSBV* OLH* O* L[RZCF* EX* JCHNRCLMEGETNKOG

RCMBEHJ*DNMB*JSCKNOG*XEK[J*EL*MBC*8EGEKCLC*JCO:GCPCG*FNJC"

6K,K, +FHEILP&FT&/LDEJDOM&+LGJQLCD

,BC* JE[FKCJ* XEF*HCMFNMOG* JCHNRCLMJ*EL* MBC*6NCMLORCJC* +BCGX* OFC* MBC* FNPCFJ* HFONLNLT* NLME* MBC

+(+* OGELT* MBC* 6NCMLORCJC* (EOJM"* 'L* MBC* JE[MB* EX* MBC* JM[HV* OFCO* MBC* 9CYELT* XEFRJ* OL

CUMCLJNPC*HCGMO"* 'L* MBC* LEFMBQ* MBC* 2CH*2NPCF* ^+ELT*8ELT_* XEFRJ* OJ*DCGG* O* HCGMO* OLH* HFONLJ

JCHNRCLM*NLME*MBC*#[GX*EX*,ELYNL"*4EMB*FNPCFJQ*DNMB*OL*OPCFOTC*JCHNRCLM*HNJKBOFTC*EX*!@d*U

!d@* MkVF*OLH*!3d*U*!d@* MkVFQ* FCJSCKMNPCGVQ* FOLTC*[LHCF* MBC* MCL* GOFTCJM* FNPCFJ*EX* MBC*DEFGH* NL

MCFRJ*EX* JCHNRCLM*HNJKBOFTC* ^9NGGNROL*OLH*9COHCQ*!`a3_"*,BC*9CYELT*OLH* MBC*2CH*2NPCF

HFONL*RE[LMONLE[J*FCTNELJ*OLH*BOPC*MBCNF*JE[FKCJ* NL* MBC*COJMCFL*8NROGOVO*OLH* MBC*,NZCMOL

=GOMCO[Q*FCJSCKMNPCGV"*7[FMBCFREFCQ*B[LHFCHJ*EX*JROGG*RE[LMONLE[J*FNPCFJ*HFONL*NLME*MBC*+(+

OGELT* MBC* KCLMFOG* SOFM* EX* MBC* 6NCMLORCJC* KEOJM* ZCMDCCL* MBC* MDE* RObEF* FNPCFJ"* ,BCNF* MEMOG

JCHNRCLM* HNJKBOFTC* NJ* LEM* YLEDLQ* Z[M* MBC* JCHNRCLM* VNCGH* EX* JROGG* RE[LMONLE[J* FNPCFJ* NJ

TCLCFOGGV* [LHCFCJMNROMCH* ^9NGGNROL* OLH* +VPNMJYNQ* !``._"* $JSCKNOGGV* MBC* JROGG* 6NCMLORCJC

FNPCFJQ* KELMFNZ[MNLT* MBCNF* GEOH* ME* MBC* KCLMFOG* SOFM* EX* MBC* 6NCMLORCJC* +BCGXQ*ROV* VNCGH* GOFTC
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ORE[LMJ* EX* JCHNRCLM* JNLKC* MBC* KCLMFOG* SOFM* EX* 6NCMLOR* NJ* KBOFOKMCFN\CH* ZV* O* BNTB* FNJNLT

BNLMCFGOLH*DNMB* CGCPOMNELJ* [S* ME* !ddd*R*ELGV* JERC* YNGERCMCFJ* XFER* MBC* KEOJM* OLH* O* MEMOG

CGCPCPOMNEL*EX*[S*ME*.@dd*R"

!"#$%&(''45.'6*.-%,+.&.'75.)8'-$/,F'MV*-5'2$;.')$2,-*$%&N',%/',-'-5.'-*+.'$8'-5.'AD#

6K1 2ODLEJOM&OCG&2LDSFGP

.<*JCHNRCLM*KEFCJ*XFER*DOMCF*HCSMBJ*ZCMDCCL*.!*OLH*!@`*RRDH*^RCMCFJ*EX*REHCFL*DOMCF

HCSMB_*DBNKB*DCFC*MOYCL*EL*MBC*6NCMLORCJC*+BCGX*H[FNLT*O*FCJCOFKB*KF[NJC*DNMB*2{6*+%--$

NL*)SFNG*!```*BOPC*ZCCL*NLPCJMNTOMCH*NL*MBNJ*JM[HV*^

,OZ"*6_"* ,BC* HCSEJNMJ* OFC* TCLCFOGGV* KGOVJ*DNMB* KELJNHCFOZGC* ORE[LMJ* EX* JNGM* OLH* JOLH"* ,BC

JM[HV*OFCO*GNCJ*NL*JE[MB:LEFMB*CGELTOMNEL*OGELT*MBC*6NCMLORCJC*(EOJM*XFER*Ag-*ME*!Ag-*^7NT"

!._"*'L*MBC*+E[MB*OLH*NL*MBC*-EFMB*JCPCFOG*NLKNJCH*POGGCV*XNGGJ*DCFC*KEFCH*DBNKB*DCFC*K[M*NLME

MBC*=GCNJMEKCLC* GOLH*J[FXOKC*OLH*J[ZJC][CLMGV* XNGGCH*ZV* MBC*SOGCE:9CYELT*2NPCF*OLH*SOGCE:

FNPCFJ*NL*MBC*-EFMBQ*FCJSCKMNPCGV"*,BC*KEFNLT*JNMCJ*EL*MBC*KCLMFOG*SOFM*EX*MBC*6NCMLORCJC*+BCGX

DCFC*FCJMFNKMCH*ME*JCODOFH*MFCLHNLT*DCHTC:GNYC*JCHNRCLM*ZEHNCJ*OLH*HEDLGOS*JMF[KM[FCJ"
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Core No. Coring Latitude Longitude Water Recovery
device [°] N [°] E depth [m] [cm]

18375 -2 VC 7:00.20 107:54.87 87 369
18376 -2 VC 7:05.27 108:06.42 89 47
18377 -2 VC 7:10.71 108:20.28 98 357
18389 -3 GC-3 9:16.45 108:39.09 109 276
18391 -2 GC-6 9:33.91 108:49.60 115 478
18393 -3 GC-6 9:45.61 109:07.95 155 540
18396 -3 GC-6 15:25.51 108:53.27 61 499
18397 -2 GC-6 12:14.71 109:19.91 45 532
18398 -3 GC-18 12:14.23 109:22.81 59 719
18401 -3 GC-12 12:12.90 109:32.09 134 707
18404 -3 GC-6 13:30.13 109:33.67 169 385
18405 -3 GC-6 13:41.10 109:27.02 130 547
18408 -3 GC-12 14:14.34 109:19.05 108 754
18409 -3 GC-12 15:41.21 108:40.79 40 577
18414 -3 GC-6 15:05.83 108:57.78 21 448
18415 -2 GC-6 15:04.98 109:00.03 38 559
18416 -2 GC-6 15:02.23 109:08.97 66 506
18417 -3 GC-12 14:44.81 109:17.61 97 798
18419 -3 GC-12 14:32.23 109:14.09 82 641
18420 -2 GC-6 14:34.13 109:11.36 62 557
18422 -3 GC-6 15:44.92 108:53.46 84 568
18423 -2 GC-6 16:16.62 108:39.59 97 548
18424 -2 GC-6 16:28.61 108:26.15 90 575
18425 -2 GC-6 16:34.53 108:28.31 95 556
18426 -2 GC-6 16:44.42 108:27.80 92 513

6K1K, +LGJQLCDFMFNJIOM&)SOEOIDLEJ^ODJFC&FT&/LRFPJDP

,BC*JCHNRCLMJ* XFER*MBC*JM[HV*OFCO*BOPC*ZCCL* NLPCJMNTOMCH*DNMB*JCPCFOG*RCMBEHJ*SFCPNE[JGV

HCJKFNZCH*GNYC*TFOL[GERCMFVQ*TCEKBCRNJMFVQ*KEOFJC*TFONL*OLOGVJNJ*OLH*p:FOV*FOHNETFOSBV"*,BC

KERZNLOMNEL* EX* MBEJC* SFEUNCJ* SFEPNHCJ* OL* EPCFPNCD* EPCF* FCKCLM* KELHNMNELJ* OLH* OGGEDJ* ME

HFOD* KELKG[JNELJ* EL* MBC* SOGCE:CLPNFELRCLM"* )* J[HHCL* KBOLTC* EX* MBC* FCJ[GMJ* EX* MBC

NLPCJMNTOMCH* SFEUNCJ* KOL* REJMGV* ZC* OMMFNZ[MCH* ME* O* KBOLTC* NL* XOKNCJ* ^8OLCZ[MBQ* .dddc

8OLCZ[MB*CM*OG"Q*J[ZRNMMCH_

6K1K1 +LJPQJI&+HEULV

,BC*JCO*XGEEF*EX*MBC*6NCMLORCJC*+BCGX*DOJ*J[FPCVCH*[JNLT*MBC*JBNSZEOFH*=OFOJE[LH*JVJMCR*ME

KBOFOKMCFN\C*JCO:XGEEF*REFSBEGETV*OLH*TCERCMFV*EX*J[ZJ[FXOKC*JCNJRNK*FCXGCKMEFJ*OJ*DCGG*OJ*ME

CLJ[FC* KEFNLT* OM* J[NMOZGC* GEKOMNELJ"* ,BC* =OFOJE[LH* JVJMCR* DNMB* NMJ* LOFFED* ZCOR

KBOFOKMCFNJMNKJ*TCLCFOMCJ*O*DCGG*FCJEGPCH*FCKEFH*EX*MBC*J[ZJ[FXOKC*FCXGCKMEFJ*DNMB*O*SCLCMFOMNEL

EX*MBC*JCO*XGEEF*[S*ME*!<d*RQ*HCSCLHNLT*EL*ZEMMER*KBOFOKMCFNJMNKJ*^+SNC|Q*!``3_"
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6K1K4 "2+<,6)&/ODJCN

=FCKNJC*)9+:FOHNEKOFZEL*HOMNLT*SFEPNHCJ*MBC*ZOJNJ*XEF*MBC*JMFOMNTFOSBNK*XFORCDEFY"*)9+:!;(

OTCJ*DCFC*HCMCFRNLCH*DNMB*O*3*96*,OLHCLMFEL*;!3d*)9+*JVJMCR*OM*MBC*&CNZLN\:&OZEFOMEFV

XEF*2OHNERCMFNK*0OMNLT*OLH*'JEMESC*2CJCOFKB*ME*O*SFCKNJNEL*EX*d"3*W*^KE[LMNLT*OLH*ROKBNLC

JMOMNJMNKJ_* XEF* REHCFL* JORSGCJ* ^-OHCO[Q* !``Ac* -OHCO[Q* !``a_"* ,BC* !;(:OTCJ* BOPC* ZCCL

KOGNZFOMCH*ME*KOGCLHOF*VCOFJ*4=*[JNLT*MBC*GOMCJM*PCFJNEL*EX*MBC*KOGNZFOMNEL*SFETFOR*()&'4*;"3

^+M[NPCF* OLH* 2CNRCFQ* !``3c* +M[NPCF* CM* OG"Q* !``a_"* )GG* OTCJ* RCOJ[FCH* EL* ROFNLC* KOFZELOMC

JORSGCJ*DCFC*KEFFCKMCH*XEF*O*FCJCFPENF*CXXCKM*EX*;dd*VCOFJ"

6K1K6 B<EOV&.OGJFNEORSJLP

'LMCFLOG*JCHNRCLMOFV*JMF[KM[FCJQ*JERCMNRCJ*LEM*PNJNZGC*EL*MBC*XNFJM*TGOLKCQ*OFC*HCMCKMOZGC*ZV*p:

FOV* FOHNETFOSBV"* ,BC* KOMOJMFESBNK* CXXCKM* EX* MBC* HCTGOKNOG* JCO:GCPCG* FNJC* EL* MBC* HCSEJNMNELOG

CLPNFELRCLM* FCJ[GMCH* NL*HNJKELMNL[NMNCJ* NL* MBC* JCHNRCLMOFV* FCKEFHQ*DBNKB* KOL*ZC* NHCLMNXNCH

DNMB*MBC*BCGS*EX*p:FOV*FOHNETFOSBNCJ"*)GJE*JROGG*JKOGC*POFNOMNELJ*GNYC*ZNEM[FZOMNELQ*GORNLOMNEL

OLH*KFEJJ:ZCHHNLT*OFC*FCKEFHCH*NL*MBC*JCHNRCLM*OLH*OFC*PNJNZGC*NL*MBC*p:FOV*FOHNETFOSBNCJ"

6K4 .LPHMDP&OCG&-CDLERELDODJFC

6K4K, "2+<,6)&(EOQL]FE_

,BC*JMFOMNTFOSBV*NJ*ZOJCH*EL*;<*)9+:!;(*HOMCJ*^,OZ"*A_"*(OFZELOMC*JBCGGJ*EX*ROFNLC*EFTOLNJRJ

NL**%'&*-=*SEJNMNEL*DCFC*SFCXCFCLMNOGGV*[JCH*ME*EZMONL*FCGNOZGC*HOMCJ"*'LMOKM*JCO*[FKBNLJQ*ZNPOGPC

JBCGGJ* DNMB* ZEMB* JBCGGJ* JMNGG* KELLCKMCH* PNO* MBC* GNTORCLMQ* TOJMFESEHJ* OLH* XFOTNGC* Z[M* NLMOKM

SMCFESEH* JBCGGJ* DCFC* [JCH* ME* CUKG[HC* XEFRCF* FCDEFYNLT* EX* MBC* HOMCH* JORSGC* ROMCFNOG"

8OLCZ[MB* ^.ddd_* JBEDCH* MBOM* ROKFE:DEEH* XFOTRCLMJ* FCM[FL* FCGNOZGC* OTCJ* OJ* DCGG"* >EEH

JORSGCJ*DCFC*HOMCH* NL* MDE* KOJCJ"*>BCL* MBC* OZEPC*RCLMNELCH*ROMCFNOG*DOJ* LEM* OPONGOZGCQ

ZCLMBNK*XEFORNLNXCFO*^C$-,)*,'&1"_Q*JBCGG*XFOTRCLMJ*OLH*NL*ELC*KOJC*Z[GY*JCHNRCLM*DCFC*HOMCH"

6K4K1 B<EOV&.OGJFNEORSJLP&OCG&)FEL&/LPIEJRDJFCP

,BC*NLPCJMNTOMCH*JCHNRCLMJ*DCFC*HNFCKMGV*NLXG[CLKCH*ZV*JCO:GCPCG*FNJC*OLH*REJM*KEFCJ*KELMONL

HNJKELMNL[NMNCJ* KO[JCH* ZV* XGEEHNLT* EX* MBC* JBCGX* OLH* J[ZJC][CLM* CFEJNEL* ^7NT"* !3_"* ,BCJC

HNJKELMNL[NMNCJ* FCSFCJCLM* BNOM[JCJ* JERCMNRCJ* KERSFNJNLT* JCPCFOG* MBE[JOLH* VCOFJ"* ,BC

JCHNRCLM*DOJ*HOMCH*JBEFMGV*ZCGED*OLH*OZEPC*MBC*HNJKELMNL[NMV**DNMB*J[XXNKNCLM*HNJMOLKC*ME*MBC

HNJKELMNL[NMV* ME* SFCPCLM* HOMNLT* EX*ROMCFNOG* SEJJNZGV* ZNEM[FZOMCH* OKFEJJ* MBC* ZE[LHOFV"*(EFC

!a3`3:.*XFER*MBC*JE[MBCFL*SOFM*EX*MBC*JM[HV*OFCO*OLH*KEFCJ*!a;.3:.*OLH*!a;.@:.*XFER*MBC

LEFMB*JBED*BNOM[JCJ*EX*REFC*MBOL*!d*YVF"*'L*KELMFOJMQ*BNOM[JCJ*NL*KEFCJ*XFER*MBC*KCLMFOG*SOFM

OFC*EX*JBEFMCF*H[FOMNEL*DNMB*O*ROUNR[R*EX*3*YVF*NL*KEFC*!a;d`:3"
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Lab code Core Water Sample Sample mg C 14C age Deviation δδδδ13C Deviation Sedimentation
No depth

[m]
depth [cm] material [years BP] + - [‰] +- rate [cm/kyr]

KIA16060 18376-2 89 40 bivalve shell (Arca sp.?) 2.1 8610 45 45 0.42 0.08 4.6
KIA16061 18376-2 89 472 crustacean arm 0.7 27140 210 200 -4.11 0.25

KIA9870 18389-4 109 99 wood, insoluble 4.7 12215 50 50 -27.98 0.12 8.1
18389-4 109 99 wood, humic acids 1.1 12160 70 70 -28.01 0.07

KIA9871 18389-4 109 186 wood, insoluble 5.1 12450 70 70 -27.47 0.06 386

KIA16052 18391-2 115 207 selected shell fragments 1.5 4960 35 35 0.61 0.06 41.7
KIA16053 18391-2 115 255 gastropod fragment 2.0 4875 35 35 0.41 0.22
KIA14656 18391-2 115 295 pteropods 1.3 6580 45 45 -0.37 0.14 23.4
KIA12328 18391-2 115 332 sea urchin (sand dollar) 1.6 7955 40 40 0.27 0.14 26.9
KIA14159 18391-2 115 360 Rotalia sp. 1.4 10040 60 60 0.03 0.23 13.4 (hiatus?)

KIA16054 18393-3 156  25 - 32 bivalve shell (Arca sp.) 0.8 665 25 25 -0.56 0.17 42.8
KIA16055 18393-3 156 102 - 107 bivalve shell (Paphia sp.) 1.3 1225 25 25 -1.22 0.14 135.7
KIA16056 18393-3 156  207 selected shell fragments 0.4 12160 60 60 -4.11 0.12 hiatus+reworked

Pa
le

o 
M

ek
on

g

18393-3 156  207 selected shell fragments 1.1 24330 170 170 1.43 0.05 hiatus+reworked

KIA14161 18396-3 61 250 Rotalia sp. 2.0 >49220 0.31 0.09 5 (reworked)

KIA16058 18397-2 45 413 small gastropod 2.0 3910 35 35 0.18 0.09 105.6
KIA13285 18397-2 45 488 gastropod 0.8 4800 35 35 -2.74 0.25 84.2 (hiatus)

KIA14162 18401-3 134 226 gastropod 0.9 2590 40 40 0.69 0.16 87.3
KIA12326 18401-3 134 590 Rotalia sp. 1.1 9910 50 50 -0.68 0.35 49.7

KIA15645 18404-3 169 49-57 pteropods 1.3 5705 35 35 5.86 0.31 9.2
KIA14160 18404-3 169 60 Rotalia sp. 0.8 29100 390 370 -1.09 0.14 reworked
KIA12329 18404-3 169 225 gastropod 1.3 8015 50 50 4.27 0.09 74.4

KIA16057 18408-3 108 152 pteropods 1.6 1605 30 30 -0.38 0.05 94.7
KIA12331 18408-3 108 265 bulk sediment, lauge 1.0 16110 120 120 -23.03 0.11

18408-3 108 265 bulk sediment, humic acid 0.2 12580 310 290 -23.80 0.42 1.02 (hiatus)

KIA16062 18409-3 40  90 - 93 selected shell fragments 1.0 735 30 30 -0.54 0.16 124.5
KIA14655 18409-3 40 525 sea urchin (sand dollar) 1.5 5930 35 35 0.99 0.13 83.4
KIA13286 18409-3 40 559 sea urchin 1.4 8775 50 50 0.11 0.27 11.9 (hiatus)

KIA10594 18414-3 21 267 bivalve shell (Glycimeris
sp./Cardium sp.)

1.0 6005 35 35 -0.02 0.05 44.5

KIA16059 18415-2 38  106 - 109 gastropod (Phasianella solida) 2.2 3020 30 30 -0.36 0.09 35.6
KIA13146 18415-2 38 250 pteropods 1.3 7735 40 40 -3.21 0.30 30.2
KIA16066 18415-2 38 526 fresh carbonate fragments 1.4 7970 50 45 0.39 0.13 1175
KIA16067 18415-2 38 526 wood 3.5 7760 45 45 -29.28 0.06

KIA9198 18416-2 66 97-99 bivalve shell (Paphia sp.) 1.4 9195 45 45 -2.1 0.13 10.6 (erosion)
KIA9199 18416-2 66 491-492 bivalve shell (Paphia sp.) 1.2 9820 50 50 0.16 0.13 542.7

KIA15642 18417-3 97 9-17 gastropod (Cymatium sp.) 0.8 4700 45 45 0.48 0.26 2.7 (erosion)
KIA13147 18417-3 97 450 Rotalia sp. 1.4 11810 60 60 -2.66 0.32 61.4

KIA14158 18419-3 82 130 Rotalia sp. 1.3 5740 60 60 1.83 0.09 22.6
KIA16063 18419-3 82 525 sea urchin fragment 0.74 9610 60 60 -2.33 0.21 102.0

KIA15644 18420-2 62 40-43 pteropods 0.9 900 25 25 -0.73 0.18 46.1

C
en

tr
al

 S
he

lf

KIA16064 18420-2 62 511 sea urchin fragments 1.5 8265 50 50 0.87 0.13 63.7

KIA12330 18422-3 84 51 gastropod 1.2 5020 30 30 0.78 0.08 10.1

KIA16065 18423-2 97 2 selected shell fragments with
periostracum

1.6 2445 30 30 0.75 0.05 0.82

KIA10595 18423-2 97 46.5 sea urchin 1.3 13030 60 60 -1.75 0.20 4.2 (hiatus)

KIA15641 18425-2 95 29 bivalve shell (Barbatia
amygdalumtostum)

0.8 12575 60 60 -0.38 0.12 2.3 (hiatus?)

KIA15643 18426-2 92 55 bivalve shell (Isognomon sp.) 1.4 30130 320 300 3.47 0.04 1.8 (reworked)so
ut

he
rn
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ul

f o
f

To
nk
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KIA12327 18426-2 92 133 Rotalia sp. 1.3 43210 2630 1980 -0.21 0.17 5.9 (reworked)
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Fig 13: Arrangement of the studied sediment cores
from S to N and according to modern water depth
(X-ray Log or core description) with AMS-14C dates.
Dates of reworked material in italic.

˚ = depth of AMS-14C dating in core.
Core length seven times exaggerated
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6K4K4 +FHDS<*FEDS&DELCGJCN&+LGJQLCDFMFNJIOM&(LODHELP&FC&DSL&7JLDCOQLPL&+SLMT

,BC* HCSEJNMJ* NHCLMNXNCH* NL* MBC* JCHNRCLM* KEFCJ* KOL* ZC* TCLCFOGGV* OJJNTLCH* ME* MBFCC* HNXXCFCLM

FCTNELJ*DBNKB*JBED*MVSNKOG*JCHNRCLMEGETNKOG*KBOFOKMCFNJMNKJ"*'L*MBC*JE[MBCFL*SOFM*EX*MBC*JM[HV

OFCO*O*7$=-5.;%'75.)8'OFCO*^=OGCE:9CYELT_'DOJ*NHCLMNXNCHQ*X[FMBCF*LEFMB*O*(.%-;,)'75.)8'OFCO

KOL*ZC*FCKETLN\CH*OLH*NL*MBC*LEFMB*O*L$;-5.;%'75.)8*OFCO*^JE[MBCFL*#[GX*EX*,ELYNL_*KOL*ZC

HNJMNLT[NJBCH"* 7EF* OLOGVMNKOG* FCJ[GMJ* ^JOLH:Q* KOFZELOMC:Q* EFTOLNK* KOFZEL* KELMCLM* OLH* KEOFJC

TFONL*OLOGVJNJ_*EX*MBC*KEFCJ*FCXCF*ME*OSSCLHNU"

0$)$)$& 7+89:;<=%7:;,>?%@/,;+AB;C+=#

+CHNRCLM*KEFCJ*!a3A<:.Q*!a3A@:.Q*!a3AA:.Q*!a3a`:.Q*!a3`!:.*OLH*!a3`3:.*ZCGELT* ME* MBC

7$=-5.;%'75.)8'*OFCO*^7NT"*!.Q*7NT"*!3_"

>NMB* CUKCSMNEL*EX* KEFC*!a3`!:.* MBCV* OGG* JBED*ELGV* O* MBNL*8EGEKCLC* JCHNRCLM* KEPCF*DNMB

[J[OGGV* BNTB* JOLH* OLH* KOFZELOMC* KELMCLMJ* NL* MBC* [SSCF* SOFM* EX* MBC* KEFCJ"* ,BC* KOFZELOMC

KELMCLM* EX* MBC* 8EGEKCLC* JOLH* ZGOLYCM* TCLCFOGGV* NLKFCOJCJ* DNMB* DOMCF* HCSMB* OJ* O* FCJ[GM* EX

JMFELTCF*ROFNLC* NLXG[CLKC* OLH* MB[J*BNTBCF* ORE[LMJ* EX*ROFNLC*RNKFEEFTOLNJRJ"* 'L* KELMFOJMQ

(EFT* KELMCLM* NJ*BNTBCF* NL* MBC* JBOGGEDCF* KEFCJQ* FCXGCKMNLT* MCFFNTCLE[J* NLS[M* XFER* MBC*9CYELT

2NPCF"* ,BC* KERSEJNMNEL* EX* MBC* .<d* :* <dd* oR:XFOKMNEL* EX* MBC* JOLH* KEPCF* NJ* HERNLOMCH* ZV

GNMBEKGOJMJQ*JBCGG*XFOTRCLMJ*OLH*ZCLMBNK*OLH*SGOLYMELNK*XEFORNLNXCFO"

)FEL&,A4@><1*NJ*SFCJCLMCH*CUCRSGOFNGV*NL*HCMONG*^7NT"*!;_"*'M*NJ*MBC*ELGV*KEFC*KELMONLNLT*REFC

MBOL*MBFCC*HNXXCFCLM*JCKMNELJ"*,BC*[SSCFREJM*KEFC*JCKMNEL*^&.2-*$%'!_*FCSFCJCLMJ*MBC*MBNL*JOLH

KEPCF*EX*8EGEKCLC*OTC"*'L*MBNJ*KEFC*NM*DOJ*HOMCH*ME*a@!d*!;(*VCOFJ*4="*0EDLKEFC*^&.2-*$%'3_

MBC*JCHNRCLM*KELJNJMJ*RONLGV*EX* GORNLOMCH*KGOV"*(O(%3* NJ* GEDCF*OLH*(EFT*BNTBCF* MBOL* NL* MBC

JOLHV* [SSCF* SOFM"* ,BC* KEOFJC* TFONL* OLOGVJCJ* FCPCOG* GNMBEKGOJMJ* OLH* SGOLM* XFOTRCLMJ* OJ

HERNLOMNLT* KERSELCLMJ* XEF* MBC* NLPCJMNTOMCH* XFOKMNEL"* 7.2-*$%' 9* JBEDJ* OTONL* BNTB* JOLH

KELMCLM*DNMB*JGNTBM*ZNEM[FZOMNELQ*JGNTBMGV*BNTBCF*(O(%3*OLH*GEDCF*(EFT*KERSOFCH*ME*JCKMNEL*.

OLH*X[FMBCFREFC*CUKG[JNPCGV*GNMBEKGOJMJ*OJ*KERSELCLMJ*EX*MBC*KEOFJC*TFONL*OLOGVJNJ"*7.2-*$%'<

JBEDJ*MBC*JNRNGOF*FCJ[GMJ*OJ*&.2-*$%'3*DNMB*O*JGNTBMGV*BNTBCF*JOLH*KELMCLM"* 'L*&.2-*$%'H'JOLH

KELMCLM* NJ*BNTB*OLH* MBC*KEOFJC*TFONL*OLOGVJNJ*HERNLOMCH*ZV* JBCGG* XFOTRCLMJ* OLH* GNMBEKGOJMJQ

DBCFCOJ*(O(%3*NJ*JGNTBMGV*BNTBCF*OLH*(EFT*GEDCF*MBOL*NL*MBC*OZEPC*JCKMNEL"*7[FMBCF*HEDLKEFC

&.2-*$%'H*OLH*X*OFC*JCSOFOMCH*ZV*O*HNJKELMNL[NMV*ZCGED*DBNKB*JCKMNEL*@* JBEDJ* GEDCF* JOLH

KELMCLM*OLH*BOJ*ZCCL*HOMCH*ZV*)9+*FOHNEKOFZEL*HOMNLT*ME*.A!;d*!;(*VCOFJ*4="

,BC* JCNJRNK* FCKEFH* JBEDJ* MBOM* MBC* KEFNLT* JNMC* GNCJ* NL* O* ZFEOH* NLKNJCH* POGGCV* SFEZOZGV

EFNTNLOMNLT* XFER* MBC* OLKNCLM* HFONLOTC* JVJMCR* EX* MBC* 9CYELT* 2NPCF"* ,BC* TCERCMFV* EX* MBC

JC][CLKCJ*NJ*[LKGCOF*H[C*ME*O*SEEF*JCNJRNK*JNTLOGQ*Z[M*JBEDJ*L[RCFE[J*SFERNLCLM*J[ZJ[FXOKC
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FCXGCKMEFJ* ^7NT"* !<_* DBNKB* SFEZOZGV* ROMKB* DNMB* MBC* ZE[LHOFNCJ* EX* MBC* KEFC* JCKMNELJ* ^KS"

>NCJLCF*CM*OG"*!```_"

!"#$%&0'%a,&*2'&./*+.%-$)$?*2,)'/,-,'$8'2$;.'!^9`X@3K'7$=-5.;%'75.)8

'LKNJCH*POGGCV*JVJMCRJ*^7NT"*!<_*XOPE[F*MBC*HCSEJNMNEL*OLH*SFCJCFPOMNEL*EX* XOKNCJ*J[KKCJJNELJ

HCSEJNMCH* NL* MBC*KE[FJC*EX* FNJNLT* JCO* GCPCG"*8OLCZ[MB*OLH*+MOMMCTTCF* ^.dd._* JM[HNCH* NLKNJCH

POGGCV*XNGGJ*EL*MBC*+[LHO*+BCGX*OLH*HNJKEPCFCH*L[RCFE[J*XOKNCJ*MVSCJ*HCSEJNMCH*NL*FCGOMNEL*ME

MBC*GOJM*MFOLJTFCJJNEL"*,BCV*XE[LH*MBOM*XOKNCJ*J[KKCJJNELJ*EX*NLKNJCH*POGGCV*XNGGJ*OFC*CUMFCRCGV

BCMCFETCLCE[J"*>NMB* B[TC* ^SOGCE_:FNPCF* JVJMCRJQ* GNYC* MBC* SOGCE:-EFMB* +[LHO* 2NPCF* OLH* MBC

SOGCE:9CYELTQ*OJ*JCHNRCLM*XCCHCFJQ*JBEFMQ*CPCLM:GNYC*SCFNEHJ*EX*BNTB*JCHNRCLMOMNEL*JMOLH*NL

KELMFOJM* ME* KELMNL[E[J* JCHNRCLMOMNEL* H[C* ME* BNTB* JCHNRCLM* NLS[M* OLH* GOMCFOG* JBNXMNLT* EX

HNJMFNZ[MOFNCJ*OJ*DCGG*OJ*JCOJELOG*S[GJCJ*EX*JCHNRCLM*HNJKBOFTC"*,BCJC*HCSEJNMJ*OFC*NLMCFRNMMCH

ZV* GELT* GOJMNLT* SCFNEHJ* EX* LEL:HCSEJNMNEL* OLH* CFEJNEL"* 2NKBMCF* ^!```_* XE[LH* JNRNGOF

KELHNMNELJ*NL*O*JCHNRCLM*KEFC*XFER*MBC*SOGCE:9CYELT*HCGMO*XFER*<@*RRDH"
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!"#$%&2''75,))$V'&.*&+*2'=OFOJE[LH' ;.2$;/&'&5$V*%?' *%2*&./'B,)).F'&-;=2-=;.&'$8' &-,-*$%&'!^9`H@3',%/'!^9`X@3"

S;$8*).').%?-5'2,"'X"\',%/'<"Z'W+K';.&1.2-*B.)F

%MBCF*KEFCJ*XFER*MBC*S,).$@#.W$%?*OFCO*OGJE*KELMONL*MBC*MBNL*JOLH*KEPCF*EX*8EGEKCLC*OTC*OJ

MESREJM*JCKMNEL"*)L*CUKCSMNEL*ROYCJ*KEFC*!a3AA:.*EX*DBNKB*MBC*MES*!<*KR*DCFC*GEJM*H[FNLT

KEFNLT"*,BC*GEDCF*JCKMNEL*EX*IFEL&,A4@=<1&KELJNJMJ*EX*GORNLOMCH*KGOV*DNMB*LCTGNZGC*ORE[LMJ

EX*JOLH*OLH*(O(%3*OLH*JGNTBMGV*BNTBCF*(EFT*MBOL*NL*MBC*[SSCF*SOFM"*,BC*.<d*:*<dd*oR*XFOKMNEL

NJ*HERNLOMCH*ZV*SGOLM*XFOTRCLMJ*OLH*GNMBEKGOJMJ"*,BNJ*JCKMNEL*SFEZOZGV*KEFFCGOMCJ*DNMB*&.2-*$%

3'EX*KEFC*!a3A@:."*+MOMNEL*!a3A<:.*GNCJ*OJ*DCGG* NL*OL*NLKNJCH*POGGCV*JVJMCR*^7NT"*!<_"*8CFCQ

XCDCF*uXOKNCJu*DCFC*SCLCMFOMCH*MBOL*OM*JMOMNEL*!a3A@:."

)FEL& ,A4@@<1* NJ* RONLGV* KERSEJCH* EX* GNMBEKGOJMJ* OLH* SGOLM* XFOTRCLMJ"* ,BC* KEFCH* JCKMNEL

SFEZOZGV* KEFFCGOMCJ* ME* JCKMNEL* .* EX* KEFC* !a3A@:.Q* OGMBE[TB* JOLH* NLMCFKOGOMNELJ* OFC* SFCJCLM
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MBFE[TBE[M*MBC*KEFCQ*DBNKB*FCJ[GMCH*NL*CUMFCRCGV*POFVNLT*JOLH*OLH*KOFZELOMC*KELMCLMJ"*'M*DOJ

OJ*DCGG*KEFCH*NL*O*POGGCV*XNGG"

,BC*HCSEJNMJ*[LHCFGVNLT* MBC*8EGEKCLC* JCHNRCLM* KEPCF* NL*IFEL&,A4A`<4* BOPC*OJ*DCGG* ZCCL

OKK[R[GOMCH* NL* OL*CPCLM:GNYC* JMVGC"*,BC* KGOVCV* JCHNRCLM* KELMONLJ* BNTB* ORE[LMJ* EX* EFTOLNK

ROMCFNOG*OLH*MBC*KEOFJC*TFONL*OLOGVJCJ*FCPCOG*SGOLM*XFOTRCLMJ*OJ*HERNLOMNLT*KERSELCLM*DNMB

JROGG*ORE[LMJ*EX*GNMBEKGOJMJ*OLH*XEFORNLNXCFO"*,BC*KEFC*BOJ*ZCCL*HOMCH*EL*DEEH*XFOTRCLMJ*ME

!..!<* x* <d* OLH* !.;<d* x* Ad* !;(* VCOFJ* 4=Q* FCJSCKMNPCGV"* 8CFCQ* MBC* DEEH* JORSGC* DOJ

XFOKMNELOMCH* NLME* B[RNK* OKNHJ* OLH* OKNH:OGYOGNLC* FCJNH[OGJ"* 0[C* ME* MBCNF* NRREZNGNMVQ* OKNH:

OGYOGNLC* FCJNH[OGJ*SFEPNHC*REFC* FCGNOZGC* OTCJ* MBOL* MBC*REZNGC*B[RNK*OKNHJ*DBNKB*DOJ*OGJE

JBEDL*ZV*8OLCZ[MB*^.ddd_Q*OGMBE[TB* NL* MBC*KOJC*SFCJCLMCH*BCFCQ* MBC*ZNOJ* NL*OTC*EX*<<* !;(

VCOFJ* ^,OZ"* A_* ZCMDCCL* OGYOGNLC* FCJNH[OGJ* OLH* B[RNK* OKNHJ* NJ* LCTGCKMOZGC* OLH* KCFMNXNCJ* MBC

O[MEKBMBELE[J*KBOFOKMCF*EX*MBC*JCHNRCLM"

&NYC*XEF*MBC*SFCPNE[JGV*SFCJCLMCH*KEFCJ*XFER*MBC*7$=-5.;%'75.)8*OFCO*MBC*JCNJRNK*FCKEFH*JBEDJ

NLKNJCH*POGGCV*XNGGJ"

(EFCJ* !a3`!:.* OLH* !a3`3:3* DCFC* KEFCH* NL* OL* OFCO* DBCFC* MBC* JCNJRNK* FCKEFHJ* JBED

BEFN\ELMOG* JMFOMNXNKOMNEL* XEF* MBC* [SSCF* !d*:*.d* R* OLH* VNCGH* O* MBNKYCF* GOVCF* EX* 8EGEKCLC

JCHNRCLM"* +CHNRCLM*IFEL&,A4`,<1&DOJ*KEFCH* NL* MBC*SFEUNROG*SOFM*EX* O* JCODOFH* MBNKYCLNLT

JCHNRCLM* uDCHTCu* ^7NT"* !@_* MBOM* JCCRJ* ME* ZC* EX* SEJM:TGOKNOG* OTC"* 7NPC* )9+:!;(* HOMCJ* BOPC

ZCCL*KOFFNCH*E[M*XEF*MBNJ*KEFC*EX*DBNKB*XE[F*FCM[FLCH*!;(:OTCJ*EX*;`@dQ*;aA<Q*@<ad*OLH*A`<<

VCOFJ*4=Q* FCJSCKMNPCGVQ* XEF* MBC*8EGEKCLC* KEPCF* OLH*!dd;d* !;(* VCOFJ*4=* XEF* MBC*[LHCFGVNLT

HCSEJNMJ"* 'LPCFJNEL* EX* MBC* [SSCF* MDE* HOMCJ* BOJ* ME* ZC* OMMFNZ[MCH* ME* HOMNLT* EX* &.).2-./' &5.))

8;,?+.%-&* XEF* MBC* [SSCFREJM* JORSGCQ* DBNKB* SFEZOZGV* KELMONLJ* FCDEFYCH* ROMCFNOG"* 'L* MBC

GOLHDOFH* HNFCKMNEL* EX* JMOMNEL* !a3`!:.* O* SFERNLCLM* REFSBEGETNKOG* JMF[KM[FCQ* SFEZOZGV* MBC

ZOJCRCLM*NJ*KFESSNLT*E[M"*'M*CPCLM[OGGV*JBCGMCFCH*MBC*DCHTC:GNYC*JCHNRCLMOFV*JMF[KM[FC*XFER

CFEJNEL*OLH*ROHC*O*SFCJCFPOMNEL*SEJJNZGC"

4CGED*MBC*HNJMOG*SOFM*EX*MBC*JCHNRCLM*DCHTC*HEDLGOSSNLT*JMF[KM[FCJ*OFC*SFCJCLM"*,BCV*DCFC

SFEZOZGV*XEFRCH*NL*MBC*SOGCE:HCGMO*EX*MBC*9CYELT*2NPCF*DBNKB*NJ*J[SSEFMCH*ZV*MBC*GED*TFOHC

EX*ZNEM[FZOMNELQ*BNTB*JOLH*KELMCLM*OLH*GED*KOFZELOMC*KELMCLM*EX*MBC*JCHNRCLMJ*EX*MBC*GEDCF

SOFM* EX* IFEL& ,A4`4<4* XFER* !<@* RRDH* DBNKB* FCOKBCH* OLH* SCLCMFOMCH* MBC* HEDLGOSSNLT

J[FXOKCJ"*8CFC*MBC*KEOFJC*TFONL*OLOGVJCJ*EX* MBC*.<d*:<dd*oR*XFOKMNEL*OFC*GCJJ*FCSFCJCLMOMNPC

JNLKC* MBC*ZNTTCJM* SOFM* EX* MBC* JCHNRCLM* ZCGELTJ* ME* MBC*@3* :* !.<*oR* XFOKMNEL*DBNKB* KELJNJMJ

RONLGV*EX*JNGNKNKGOJMNKJ"*,BC*8EGEKCLC*KEPCF*JCHNRCLMJ*DCFC*HOMCH*ME*!..<*OLH*@@<*!;(*VCOFJ

4=*OLH*MBC*HEDLGOSSNLT*JMF[KM[FCJ*ME*!.!@d*!;(*VCOFJ*4="
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!"#$%&1''75,))$V'&.*&+*2'1;$8*).&',-'&-,-*$%'!^9Z!'M,N',%/'!^9Z9'MIN"'S;$8*).').%?-5'2,"'<X'W+

.LPHQaL&OCG&-CDLERELDODJFC&TFE&DSL&7+89:;<=%7:;,>&OELO

,BC* JBOGGED:JCNJRNK* FCKEFHJ* EX* 7$=-5.;%' 75.)8* KEFCJ* !a3A<:.Q* !a3A@:.Q* !a3AA:.* OLH

!a3a`:3**JBED*NLKNJCH*POGGCV*JMF[KM[FCJ*EF*MBC*CHTC*EX*OL*NLKNJCH*POGGCVQ*FCJSCKMNPCGV"*'LKNJCH

POGGCVJ* JMF[KM[FCJ*BOPC*ZCCL* JM[HNCH* NLMCLJNPCGV*ZV*8OLCZ[MB*OLH*+MOMMCTTCF* ^.dd._* EL* MBC

KCLMFOG* SOFM* EX* MBC* +[LHO* +BCGX"* ,BCV* XE[LH* JNRNGOF* JCHNRCLMOMNEL* SOMMCFLJ* DNMB* ELGV* MBNL

8EGEKCLC* R[H* ZGOLYCMJ* KEPCFNLT* MFOLJTFCJJNPC* HCSEJNMJ* OLH* NLMCFSFCM* MBEJC* OJ* JMOFPCH* EX

MCFFNTCLE[J*ROMCFNOG*DBNKB*NJ*CUSEJCH*ME*FCDEFYNLT*SFEKCJJCJ"*-NNLE*OLH*$RCFV*^!`@!_*OLH

$RCFV* ^!`@a_* XE[LH* JNRNGOF* KELHNMNELJ* EL* MBC* 6NCMLORCJC* +BCGX* OLH* KBOFOKMCFN\CH* MBC

HCSEJNMJ*OJ*;.)*2-'&./*+.%-&"*8CFC*C][NGNZFN[R*ZCMDCCL*HCSEJNMNEL*OLH*CFEJNEL*XEGGEDNLT*MBC

HCTGOKNOG* JCO:GCPCG* FNJC* KE[GH* LEM* ZC* CJMOZGNJBCH* VCM"* )HHNMNELOGGV* M[FZ[GCLM* KELHNMNELJQ

FCXGCKMCH*ZV*MBC*BNTB*JOLH*KELMCLM*OFC*SFEZOZGV*FCJSELJNZGC*XEF*NLMCFRNMMCLM*LEL:HCSEJNMNEL*EF

CFEJNEL*EX*8EGEKCLC*ROMCFNOG"*)L*CUKCSMNEL*NJ*EZJCFPOZGC*XEF*KEFC*!a3`!:.*DBNKB*JBEDJ*3;d

KR*EX*8EGEKCLC*JCHNRCLMQ*SFEZOZGV*H[C*ME*NMJ*JBCGMCFCH*SEJNMNEL"*+CHNRCLMOMNEL*FOMCJ*XEF*MBC

8EGEKCLC*KEPCF*JCHNRCLMJ*OFC*TCLCFOGGV*NL*MBC*FOLTC*EX*<*ME*!d*KRkYVF*Z[M*OFC*CUKCCHCH*ZV

XOF* EX* MBEJC* HCFNPCH* XFER* KEFC* !a3`!:.* OLH* !a3`3:3*DBNKB* OFC* NL* MBC* FOLTC* EX* .<* ME* ;d

KRkYVF*DNMB*SCOY*JCHNRCLMOMNEL*FOMCJ*EX*!3<*KRkYVF*XFER*KEFC*!a3`3:3"

,BC*JCHNRCLMJ*[LHCFGVNLT*MBC*8EGEKCLC*KEPCF*EX*KEFC*!a3A<:.Q*!a3A@:.*OLH*!a3AA:.*DCFC

HCSEJNMCH*NL*MBC*HNFCKM*NLXG[CLKC*EX*MBC*9CYELT*2NPCFQ*N"C"Q*NL*MBC*XEFRCF*9CYELT*0CGMO"*,BC

JCHNRCLMJ*EX*MBC*KEFCJ*!a3A<:.*OLH*!a3A@:.*KEFFCJSELH*ME*MBC*>.)-,'R;$%-*ME*>.)-,'#$=-5

XOKNCJQ* DBNGC* KEFC* !a3AA:.* DOJ* SFEZOZGV* HCSEJNMCH* NL* 4*/,)' R),-* XOKNCJ"* ^7EF* XOKNCJ

KGOJJNXNKOMNEL*FCXCF*ME*KBOSMCF*3"<_"*8OLCZ[MB*OLH*+MOMMCTTCF*^.dd._*XE[LH*JNRNGOF*HCSEJNMJ*NL

KEFCJ* XFER* MBC* HFEDLCH* HCGMO* EX* MBC* -EFMB* +[LHO* 2NPCF* DBNKB* DCFC* OKK[R[GOMCH* NL

KEFFCJSELHNLT*HCSEJNMNELOG*CLPNFELRCLMJ"

0CSEJNMJ* SFCKCCHNLT* MBC* 8EGEKCLC* KEPCF* JCHNRCLMJ* NL* KEFC* !a3a`:3* DCFC* SFEZOZGV

OKK[R[GOMCH*NL*O*MNHOGGV*NLXG[CLKCH*>.)-,'R;$%-*CLPNFELRCLM"*&ORNLOMNEL*OLH*XGOJCF*ZCHHNLT
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EX*R[H* OLH*SGOLM* XFOTRCLMJ* OJ*DCGG* OJ* GCLMNK[GOF* JMF[KM[FCJ* METCMBCF*DNMB* GED*ZNEM[FZOMNEL

KEFFCJSELH*ME*MBC*>.)-,'R;$%-*XOKNCJ*EX*8OLCZ[MB*OLH*+MOMMCTTCF*^.dd._"

,BC*JCHNRCLMOMNEL*FOMC*HCMCFRNLCH*XEF*MBNJ*JCKMNEL*LCOFGV*FCOKBCJ*;dd*KRkYVF*Z[M*NJ*FCJMFNKMCH

ME*O*PCFV*JBEFM*MNRC*NLMCFPOG"

0$)$)$( D;=9</,%7:;,>

,BC*LOFFED'(.%-;,)'75.)8'OFCO*NJ*FCSFCJCLMCH*ZV*JCHNRCLM*KEFCJ*!a3`A:.Q*!a3`a:3Q*!a;d!:3Q

!a;d;:3Q* !a;d<:3Q* !a;da:3Q* !a;!`:3Q* !a;.d:.Q* !a;!A:3Q* !a;!@:.Q* !a;!<:.Q* !a;!;:3Q

!a3`@:3*OLH*!a;d`:3*XFER*JE[MB*ME*LEFMB*^7NT"*!.Q*7NT"*!3_"*)GG*KEFCJ*KELMONL*MBC*8EGEKCLC

KEPCFQ*HOMCH*ZV*)9+:!;(Q*OJ* MESREJM* GOVCF"*+ERC*EX* MBC*KEFCJ*OFC*KERSGCMCGV*KERSEJCH*EX

8EGEKCLC*JCHNRCLM"*'L*KELMFOJM*ME*MBC*7$=-5.;%'75.)8'OFCOQ*MBC*8EGEKCLC*KEPCF*JCHNRCLMJ*EX

MBC*LOFFED'(.%-;,)'75.)8'OFCO*KOL*TCLCFOGGV*ZC*HNPNHCH*NLME*MBFCC*MVSCJ*EX*JCHNRCLMJm

,VSC* ^!_* FCSFCJCLMJ* JCHNRCLMJ*DNMB*O*PCFV*BNTB*JOLH*KELMCLMQ* GED*KOFZELOMC*KELMCLM* OLH*O

HERNLOLKC*EX* GNMBEKGOJMJ* NL* MBC*KEOFJC*TFONL* XFOKMNEL* ^,A4`><49&,A6,6<49&,A6,=<19&,A6,@<4

^[SSCF* SOFM__"* ,VSC* !* 8EGEKCLC* KEPCF* JCHNRCLMJ* DCFC* XE[LH* NL* KEFCJ* XFER* JBOGGED* DOMCF

HCSMBJ*^.!*R*:*@!*R_*OLH*NL*MBC*HNJKBOFTC*OFCO*EX*JROGG*FNPCFJ*^`A*R*EX*DOMCF*HCSMB*OM*JMOMNEL

!a;!A_"*7NT"*!AO*JBEDJ*MBC*FCJ[GMJ*EX*KEFC*!a;!;:3*OJ*O*FCSFCJCLMOMNPC*CUORSGC*XEF*MBNJ*YNLH

EX*HCSEJNMJ"

,VSC* ^._* KERSFNJCJ* JCHNRCLMJ* DNMB* O* GED* JOLH* KELMCLMQ* GED* KOFZELOMC* KELMCLM* OLH* JBCGG

XFOTRCLMJ* OJ* RObEF* KELJMNM[CLMJ* EX* MBC* KEOFJC* TFONL* XFOKMNEL* ^,A4`@<19& ,A4`A<49& ,A6b=<49

,A6b`<49& ,A6,><19& ,A6,@<4* ^GEDCF* SOFM_Q* ,A6,`<4* ^GEDCF* SOFM__"* ,VSC* .* 8EGEKCLC* KEPCF

HCSEJNMJ*DCFC*NHCLMNXNCH*NL*KEFCJ*XFER*JBOGGED*ME*NLMCFRCHNOMC*DOMCF*HCSMBJ*^;d*R*:**`A*R_"

,BCV*OFC*KGEJCGV*FCGOMCH*ME*MVSC*!*JCHNRCLMJ*DBCFCOJ*MBCNF*SEJNMNEL*NJ*GCJJ*SFEUNROG*ME*JROGG

FNPCFJ"*(EFC*!a;d`:3*KELMONLJ*MVSNKOG*HCSEJNMJ*EX*MBNJ*YNLH*OLH*NJ*HNJSGOVCH*NL*7NT"*!AZ"

,VSC*^3_*NJ*HCJKFNZCH*ZV*JCHNRCLM*DNMB*BNTB*JOLH*KELMCLMQ*BNTB*KOFZELOMC*KELMCLM*OLH*JBCGG

XFOTRCLMJ*OLH*XEFORNLNXCFO*SFCPONGNLT*NL*MBC*KEOFJC*TFONL*OLOGVJCJ*^,A6b,<49&,A6b6<49&,A6bA<

49& ,A6,`<4* ^[SSCF* SOFM_Q* ,A61b<1_"* ,BNJ* JCHNRCLM* DOJ* SFCXCFCLMNOGGV* XE[LH* NL* KEFCJ* XFER

TFCOMCF* DOMCF* HCSMB* ^@.* R* :* !@`* R_* DBCFC* MBC* NLXG[CLKC* EX* FNPCFJ* NJ* GED"* ,BCJC* YNLH* EX

HCSEJNMJ*OFC*HCJKFNZCH*ZV*MBC*FCJ[GMJ*EX*KEFC*!a;da:3*NL*7NT"*!AK"

(EFCJ*!a3`A:.Q*!a;d`:3Q*!a;!;:3Q*!a;!<:.Q*!a;!@:.Q*!a;!`:3*OLH*!a;.d:.**OFC*KERSGCMCGV

ROHC*[S*EX*8EGEKCLC*HCSEJNMJ*EX*MBC*POFNE[J*MVSCJ"*,BC*EMBCF*KEFCJ*EX*MBC*(.%-;,)'75.)8'OFCO

KELMONL* KGOVCV* JCHNRCLMJ*DNMB* GED* JOLH* KELMCLM* OLH* O* TCLCFOGGV* GEDCF* KOFZELOMC* KELMCLM

ZCGED* MBC*8EGEKCLC*KEPCF* ^7NT"* !AKQ* JCKMNEL*._"* &NMBEKGOJMJ* OLH*SGOLM* XFOTRCLMJ* ZCKERC* O

SFERNLCLM*SOFM*EX*MBC*KEOFJC*TFONL*XFOKMNEL*DNMB*NLKFCOJNLT*KEFC*HCSMB"*,BNJ*NJ*OGJE*MBC*KOJC*NL

KEFCJ*DBNKB*OFC*CLMNFCGV*EX*8EGEKCLC*OTC"
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,BC*8EGEKCLC*KEPCF*JCHNRCLM*OLH*MBC*[LHCFGVNLT*KGOVCV*HCSEJNMJ*OFC*[J[OGGV*JCSOFOMCH*ZV*O

HNJKELMNL[NMV* DBNKB* DOJ* HNJKEPCFCH* NL* MBC* p:FOV* FOHNETFOSBNCJ* ^7NT"* !3_"* $FEJNEL* EX* MBC

[LHCFGVNLT*HCSEJNMJ*FCJ[GMCH*NL*O*JBOFS*KELMOKM*DBNKB*NJ*JERCMNRCJ*ZG[FFCH*ZV*ZNEM[FZOMNEL"

'L*KELMFOJM*ME*MBC*7$=-5.;%'75.)8'OFCOQ*MBC*JCNJRNK*FCKEFH*EX*MBC*(.%-;,)'75.)8'OFCO*JBEDJQ*MBOM

ELGV*RNLEF*NLKNJCH*POGGCV*JMF[KM[FCJ*CUNJM*NL*MBNJ*FCTNEL"*+MOKYJ*EX*HCSEJNMJ*[S*ME*<d*R*MBNKY

DCFC*SCLCMFOMCH*ZV*MBC*JNTLOG*EX*MBC*=OFOJE[LH*JVJMCR"*,BC*HNJKELMNL[NMNCJ*HNJKEPCFCH*NL*MBC

JCHNRCLM* KEFCJ* OFC* REJMGV* MFOKCOZGC* OJ* J[ZJ[FXOKC* JCNJRNK* FCXGCKMEFJ* ^!a3`A:.Q* !a3`a:3Q

!a;d!:3* ^7NT"* !`O_* ^KS"* +\K\[KlLJYN* OLH* +MOMMCTCF* ^.dd!__Q* !a;d;:3Q* !a;da:3* ^7NT"* !`Z_Q

!a;d`:3*^7NT"*!`K_Q*!a;!<:.Q*!a3`@:3*^7NT"*!`H_"*,BCV*EKK[F*OJ*O*REFC*EF*GCJJ*OZF[SM*KBOLTC

NL*JNTLOG*NLMCLJNMV*NL*MBC*JCNJRNK*FCKEFH"

4CLMBNK*XEFORNLNXCFO*EX*KEFCJ*!a;!;:3*OLH*!a;!@:.*BOPC*ZCCL*OLOGV\CH*XEF*EUVTCL*NJEMESNK

KERSEJNMNEL"*>BNGC* MBC*HOMO*EX*KEFC*!a;!;:3*JBEDJ*O* MFCLH* MEDOFHJ* GNTBMCF*POG[CJ*[SKEFCQ

KEFC*!a;!@:.*JBEDJ*NLKELJNJMCLM*δ!a%*POG[CJ*^7NT"*!a_"*,BC*MFCLH*NL*KEFC*!a;!;:3*GNCJ*NL*MBC

FOLTC* EX* d"<*y*EL* ZEMBQ*L$%*$%' &=I-=;?*-=+' OLH*P)15*/*=+' ,/B.%=+Q* ZCMDCCL* .@A* KR
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JSCKNCJ*EX*KEFC*!a;!@:.Q*HOMCH*ME*`a.d*!;(*VCOFJ*4=*NL*;`!"<*KR*KEFC*HCSMB*OLH*`!`<*!;(

VCOFJ*4=*NL*`a*KR*KEFC*HCSMBQ*JBED*NLKELJNJMCLM*δ!a%*POG[CJ"*8CFCQ*HNXXCFCLKCJ*EX*!"<*y*OFC
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POFNCJ*GOFTCGV*MBFE[TBE[M*MBC*KEFC"

!"#$%&4''JQF?.%'*&$-$1*2'2$+1$&*-*$%'$8'I.%-5*2'8$;,+*%*8.;,'$8'2$;.&'!^<!<@9'M).8-N',%/'!^<!X@3'M;*?5-N
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.LPHQaL&OCG&-CDLERELDODJFC&TFE&D;=9</,%7:;,>

4F1.' !' :$)$2.%.' 2$B.;' &./*+.%-&* DNMB* BNTB* JOLH* KELMCLM* OLH* GED* (O(%3* KELMCLM* DCFC

HCSEJNMCH*[LHCF*BNTB*MCFFNTCLE[J*NLXG[CLKC*H[C*ME*JBOGGED*DOMCF*HCSMB*OLHkEF*SFEUNRNMV*ME

FNPCFJ"* ,BNJ* NJ* J[SSEFMCH* ZV* O* BNTB* KELMCLM* NL* GNMBEKGOJMJ* NL* MBC* KEOFJC* TFONL* XFOKMNEL"* ,BC

ROMCFNOG*DOJ* HCSEJNMCH* NL* OL* CLPNFELRCLM* KEFFCJSELHNLT* ME* 7*)*2*2),&-*2' 0%%.;' 75.)8* XOKNCJ

DBNKB*GEEYJ*JNRNGOF*ME*>.)-,'R;$%-*OLH*>.)-,'#$=-5*XOKNCJ"*,BC*L[RCFE[J*JROGG*RE[LMONLE[J

FNPCFJ*SFEZOZGV*KERSCLJOMC*XEF* GOFTC*HCGMOJ*DBNKB*OFC*LEM*CUNJMNLT*OGELT* MBNJ*JCKMNEL*EX* MBC

6NCMLORCJC* (EOJM"* 7[FMBCFREFCQ* MBC* SFEUNRNMV* EX* MBC* JE[FKC* OFCO* DE[GH* OGJE* CUSGONL* MBC

TFOL[GERCMFNK*KERSEJNMNEL*EX*MBC*HCSEJNMJQ*JNLKC*JNGNKNKGOJMNKJ*ZCGELTNLT*ME*MBC*JOLH*XFOKMNEL

KELJMNM[MC*MBC*RObEF*SOFM*EX*MBC*HCSEJNMJ"

4F1.'3':$)$2.%.'2$B.;'&./*+.%-&*XEFRCH*NL*OL*OFCO*REFC*HNJMOG*XFER*HNFCKM*FNPCF*NLS[M"*8CFC

MBC*GED*JOLH*KELMCLM*NLHNKOMCJ*GCJJ*CLCFTCMNK*KELHNMNELJ*OSOFM*MBC*HNFCKM*NLXG[CLKC*EX*FNPCFJ*EF

ZCGED*MBC*DOPC*ZOJC"*,BC*RObEF*SOFM*EX*MBC*JCHNRCLM*ZCGELTJ*ME*MBC*JNGM*OLH*KGOV*XFOKMNEL*OLH

NJ* SFEZOZGV* KELJMNM[MCM* EX* JNGNKNKGOJMNK* ROMCFNOG* JNLKC* MBC* KOFZELOMC* KELMCLM* NJ* GED"* ,BC

HERNLOMNEL*EX* JBCGG* XFOTRCLMJ* NL* MBC* KEOFJC* TFONL* XFOKMNEL* TNPCJ* CPNHCLKC* XEF* OL* NLKFCOJCH

ROFNLC*MVSC*EX*JCHNRCLMOMNEL*KERSOFCH*ME*MVSC*!*8EGEKCLC*KEPCF*JCHNRCLMJ"*,BCJC*HCSEJNMJ

ZCGELT*ME*MBC*0%%.;'75.)8'XOKNCJ"

4F1.'9':$)$2.%.'2$B.;'&./*+.%-&*XEFRCH*NL*OFCOJ*DNMB*GED*MCFFNTCLE[J*NLS[M*NL*DOMCF*HCSMBJ

TCLCFOGGV*HCCSCF* MBOL*!dd*R*OLH*E[MJNHC* MBC* NLXG[CLKC*EX* J[ZROFNLC* XOLJ* FCGOMCH* ME* JROGG

FNPCFJ"*8CFCQ* O*ROFNLC* MVSC* EX* JCHNRCLMOMNEL* SFCPONGJ*DBNKB* NJ* FCXGCKMCH* ZV* BNTB* JOLH* OLH

KOFZELOMC*KELMCLMJ*H[C*ME*GOFTC*ORE[LMJ*EX*KOFZELOMC*JBCGGJ"*)*ROFNLC*MVSC*EX*JCHNRCLMOMNEL

NJ*OGJE*NLHNKOMCH*ZV*JBCGG*XFOTRCLMJ*OLH*XEFORNLNXCFO*OJ*RObEF*KERSELCLMJ*EX*MBC*KEOFJC*TFONL

XFOKMNEL"*,BCJC*JCHNRCLMJ*DCFC*HCSEJNMCH*NL*J1.%'75.)8*XOKNCJ"
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;a

,BC*XNLC*TFONLCH*JCHNRCLMJ*[LHCFGVNLT*MBC*8EGEKCLC*KEPCF*DCFC*HCSEJNMCH*H[FNLT*GEDCF*JCO

GCPCG"*,BCV*TCLCFOGGV*EKK[F* NL* KEFCJ* XFER*REFC*HNJMOG* SEJNMNELJ* ME* MBC* KEOJMGNLC"* ,BCNF* GED

KOFZELOMC*KELMCLM*OLH*BNTB*KELMCLM*NL*SGOLM*XFOTRCLMJ*NL*MBC*KEOFJC*TFONL*XFOKMNEL*NLHNKOMCJ

NLKFCOJCH* MCFFNTCLE[J* NLXG[CLKC"* ,BC* GED* TFOHC* EX* ZNEM[FZOMNEL* NL* KERSOFNJEL* ME* MBC

8EGEKCLC* KEPCF* JCHNRCLMJ* ^7NT"* !3_* NJ* O* JNTL* XEF* FCH[KCH* OKMNPNPNMV* EX* JCHNRCLM:HDCGGNLT

EFTOLNJRJ*EF* O*BNTB* JCHNRCLMOMNEL* FOMC"*,BC*HCSEJNMNELOG* XOKNCJ* KEFFCJSELHJ* ME* 7*)*2*2),&-*2

0%%.;' 75.)8' ME' 0%%.;' 75.)8' XOKNCJ"* 8CFCQ* KERSOFCH* ME* :$)$2.%.' 2$B.;' -F1.' !Q* XNLC:TFONLCH

JCHNRCLM* DOJ* HCSEJNMCH* H[C* ME* NLKFCOJCH* HNJMOLKC* ZCMDCCL* MBC* JE[FKC* OFCO* OLH* MBC* KEFC

GEKOMNEL*H[FNLT*MNRCJ*EX*GEDCF*JCO*GCPCG"

,BC* JCHNRCLMOMNEL* FOMCJ* EX*8EGEKCLC* KEPCF* JCHNRCLMJ* NL* MBC* (.%-;,)' 75.)8' OFCO* OFC* NL* MBC

FOLTC* EX* <d* ME* !dd* KRkYVF* ^,OZ"* A_"* +NLTGCQ* JNTLNXNKOLMGV* GEDCFQ* JCHNRCLMOMNEL* FOMCJ* OFC

OMMFNZ[MOZGC*ME*JCHNRCLM*ZVSOJJNLT*EF*HOMNLT*EX*CPCLM[OGGV*FCDEFYCH*ROMCFNOG"

,DE* KEFCJ* XFER* MBC* MFOLJCKM* !a;!;:3Q* !a;!<:.Q* !a;!@:.Q* !a;!A:3* JBED* CUMFCRCGV* BNTB

JCHNRCLMOMNEL* FOMCJ"*(EFCJ* !a;!;:3* OLH*!a;!<:.* KELMONL* MVSC*!*8EGEKCLC* JCHNRCLMJ*DNMB

GOFTC*ORE[LMJ*EX* GNMBEKGOJMJ*DBNKB*DCFC*SFEZOZGV*HCGNPCFCH*ZV*JROGG* FNPCFJ* ^+ELT*6}Q*+ELT

,F~*?B�KQ*+ELT*&ON*#NOLT_*DBNKB*HFONL*MBC*BNTBGV*CGCPOMCH*BNLMCFGOLH*^[S*ME*.@dd*R_*KGEJC*ME

MBC* KEOJMGNLC"* $UMCLJNPC* H[LCJ* XNCGHJ* OLH* JOLHZOFJ* OGELT* MBC* KEOJMGNLC* ^0CXCLJC* 9OSSNLT

)TCLKVQ*!`A._*OMMCJM*O*BNTB*OPONGOZNGMV*EX*JOLHkGNMBEKGOJMJ"*'L*MBC*GEDCF*SOFM*EX*KEFCJ*!a;!<:.

OLH*!a;!@:.Q* FCSFCJCLMNLT*COFGV*8EGEKCLC*JCHNRCLMJQ* MBC*JCHNRCLMOMNEL*FOMCJ*CUKCCH*!ddd

OLH*<dd*KRkYVFQ*FCJSCKMNPCGV"*p:FOV*FOHNETFOSBNCJ*EX*KEFC*!a;!<:.*^7NT"*!3_*JBED*GOVCFJ*EX*JNGM

OLH*JOLH*NL*MBC*GEDCF*SOFM*EX*MBC*KEFC*DBNKB*KE[GH*ZC*MBC*FCJ[GM*EX*CSNJEHNK*JG[RSJ*H[C*ME

BNTB* JCHNRCLMOMNEL* FOMC* EF* CSNJEHNKOGGV* BNTB* JCHNRCLM* HNJKBOFTC* XFER* FNPCFJ"* )* JNLTGC

KBOEMNKOG* JG[RS* XEF* MBC* GEDCF*SOFM*EX* KEFC*!a;!<:.*KOL*ZC* F[GCH*E[M* JNLKC* !;(* OTC:KELMFEG

KCFMNXNCJ*O*FCOJELOZGC*OTC*SFEXNGC*^,OZ"*A_"*)HHNMNELOGGVQ*J[KB*O*JMF[KM[FC*DE[GH*ZC*PNJNZGC*NL

MBC*JCNJRNK*FCKEFH"

(EFC*!a;!A:3*BOJ*ZCCL*HOMCH*ME*;Add*!;(*VCOFJ*4=*EL*OL*NLMCFPOG*XFER*`*:*!A*KR*KEFC*HCSMB

DBNKB*NLHNKOMCJ*MBOM*MBCFC*NJ*LE*FCKCLM*OKK[R[GOMNEL*EX*ROMCFNOG"*+NLKC*MBC*HCSEJNMJ*EX*JERC

KEFCJ*KGCOFGV*GOKY*GNLCOF*JCHNRCLMOMNEL*FOMCJQ*ZVSOJJNLT*EX*JCHNRCLM*ME*HCCSCF*SOFMJ*EX*MBC*+(+

R[JM* ZC* OJJ[RCH"* 4VSOJJNLT* EX* JCHNRCLM* BOJ* OGJE* ZCCL* HCJKFNZCH* ZV* +\K\[KlLJYN* OLH

+MOMMCTTCF*^.dd!_*XEF*FCKCLM*JCHNRCLMJ*XFER*O*MFOLJCKM*NL*-BO*,FOLT*4OVQ*JE[MBCFL*6NCMLOR"

0$)$)$) 7+89:;<=%E8,>%+>%.+=C"=?%F+<9:;<=%7:;,>

+CHNRCLM* KEFCJ*,A611<49&,A614<19& ,A616<19& ,A61=<1* OLH*,A61><1* FCSFCJCLM* MBC*L$;-5.;%

75.)8*OFCO'^7NT"*!.Q*7NT"*!3_"*8CFCQ*MBC*MBNKYLCJJ*EX*MBC*8EGEKCLC*JCHNRCLM*KEPCF*NJ*FCJMFNKMCH

ME*O*XCD*HCKNRCMCFJ"*'L*KEFC*!a;.;:.*OLH*!a;.<:.*NM*NJ*GNRNMCH*ME*MBC*MESREJM*KCLMNRCMCFJ"
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&NYC*NL* MBC*JCHNRCLM*KEFCJ* XFER*MBC*7$=-5.;%'75.)8'OFCO* MBC*8EGEKCLC*KEPCF*JCHNRCLMJ*OFC

KBOFOKMCFN\CH*ZV*TCLCFOGGV*BNTB*JOLH*OLH*KOFZELOMC*KELMCLMJ*OLH*ZV* XEFORNLNXCFO*OLH*JBCGG

XFOTRCLMJ* OJ* RObEF* KERSELCLMJ* EX* MBC* KEOFJC* TFONL* XFOKMNEL"* (EFC* !a;.@:.* KELMONLJ* O

FCOJELOZGC*SCFKCLMOTC*EX*TGO[KELV"

!"#$%(6''a,&*2'&./*+.%-$)$?*2,)'/,-,'$8'2$;.&

!^<39@3',%/'!^<3X@3K'L$;-5.;%'75.)8
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(EFCJ*!a;..:3Q*!a;.3:.*OLH*!a;.@:.*JBED*O*HNJKELMNL[NMVQ*JCSOFOMNLT*MBC*8EGEKCLC*KEPCF

JCHNRCLMJ*XFER*MBC*[LHCFGVNLT*HCSEJNMJQ*DBCFCOJ*KEFC*!a;.3:.*KELMONLJ*O*MBNFH*JCKMNEL*ZCGED

O*JCKELH*HNJKELMNL[NMV*^7NT"*!3_"*%L*MBEJC*KEFCJQ* MBC*8EGEKCLC*KEPCF*JCHNRCLMJ*BOPC*ZCCL

HOMCH*ME*<d.dQ*.;;<*OLH*3d!3d*!;(*VCOFJ*4=Q*FCJSCKMNPCGVQ*DBCFCOJ*MBC*OTC*EX*KEFC*!a;.@:.

^3d!3d*!;(*VCOFJ*4=_*DOJ*RCOJ[FCH*EL*O*SFEZOZGV*FCDEFYCH*ZNPOGPC*JBCGG"

,BC* JCKMNELJ*HNFCKMGV* [LHCFGVNLT* MBC*8EGEKCLC* JCHNRCLMJ* OFC* TCLCFOGGV* XNLC* TFONLCH*DNMB* O

GED*JOLH*KELMCLM*JROGGCF*MBOL*!d*W*OLH*O*GED*KOFZELOMC*KELMCLM*EX*q*.*W"*+CKMNEL*3*EX*KEFC

!a;.3:.* JBEDJ* O* BNTBCF* KOFZELOMC* KELMCLM"* 'L* KEFC* !a;.@:.* MBC* JCKMNEL* [LHCFGVNLT* MBC

8EGEKCLC*KEPCF*BOJ*O*BNTBCF*KOFZELOMC*KELMCLM*FOLTNLT*OFE[LH*a*W"*,BNJ*JCKMNEL*BOJ*ZCCL

HOMCH*EL*ZCLMBNK*XEFORNLNXCFO*^C$-,)*,'&1"_*ME*;3.!d*!;(*VCOFJ*4="*7FER*MBC*JCNJRNK*FCKEFH*O

JCODOFH*HNSSNLT*EX*MBC*JCHNRCLMJ*NJ*CPNHCLM*^7NT"*.!K_"

,BC* KEOFJC* TFONL* OLOGVJCJ* EX* MBC* HCSEJNMJ* [LHCFGVNLT* MBC* 8EGEKCLC* KEPCF* FCPCOG* SGOLM

XFOTRCLMJ*OLH* GNMBEKGOJMJ*OJ*RObEF*KELJMNM[CLMJ*DBCFCOJ*JCKMNEL*3*EX*KEFC*!a;.3:.*JBEDJ*O

HCKFCOJC*NL*JBCGG*XFOTRCLMJ*[SKEFC"*)9+*HOMNLT*EX*MBC*HCSEJNMJ*XFER*KEFC*!a;.3:.*OLH*KEFC

!a;.<:.*FCM[FL*OTCJ*EX*!3d3d*OLH*!.<A<*!;(*VCOFJ*4=Q*FCJSCKMNPCGV"

,BC*JCNJRNK*FCKEFHJ*JBED*NLKNJCH*POGGCV*JMF[KM[FCJ*XEF*KEFCJ*!a;.3:.*^7NT"*.!O_Q*!a;.;:.*OLH

!a;.<:.*^7NT"*.!Z_Q*DBCFCOJ*KEFCJ*!a;..:3*OLH*!a;.@:.*^7NT"*.!K_*DCFC*KEFCH*OM*JNMCJ*DNMB

KELMNL[E[J*JMFOMNXNKOMNEL"

.LPHQaL&OCG&-CDLERELDODJFC&TFE&F+<9:;<=%7:;,>

(EFC*!a;..:3*OLH*!a;.@:.*JBED*MBC*MBNKYCJM*8EGEKCLC*JCHNRCLM*KEPCFJ*DNMB*<<*KR*OLH*!dd

KRQ* FCJSCKMNPCGVQ* DBCFCOJ* MBC* HCSEJNMJ* XFER* KEFC* !a;.@:.* KELMONL* FCDEFYCH* ROMCFNOGQ

NLHNKOMCH*ZV*O*FCGOMNPCGV*BNTB*SCFKCLMOTC*EX*TGO[KELV*OLH*DCGG*FE[LHCHQ*SOFMGV*KEFFEHCH*MCJMJ

EX* XEFORNLNXCFO* ^C$-,)*,' &1"_* DBNKB* DNMBJMOLHJ* MFOLJSEFMOMNEL* OLH* FCDEFYNLT* SFEKCJJCJ

FCGOMNPCGV*[LB[FM"*,BC* TGO[KELV* NJ* EX* O[MEKBMBELE[J*EFNTNLQ* JNLKC* O* ZNT* JBOFC*EX* NM* CPEGPCH

XFER* XEFORNLNXCFOG* MCJMJ* DBEJC* FCRONLJ* OLH* J[M[FCJ* OFC* JMNGG* LEMNKCOZGC"* )HHNMNELOGGV* MBC

TGO[KELV*JCCRJ*ME*ZC*BNTBGV*ROM[FC*JNLKC*MBC*TFONLJ*OFC*HOFY*TFCCL"

)[MEKBMBELE[J* TGO[KELV* EX* BNTB* ROM[FNMVQ* OKKE[LMCH* OJ* OL* NLHNKOMEF* XEF* MBC* KELHCLJCH

JCKMNELkROUNR[R* XGEEHNLT* J[FXOKC* ^6ONG* CM* OG"Q* !`a;c* &E[MNM* CM* OG"Q* !`aac* +ONMEQ* !``!c

)REFEJNQ*!``<_Q*EKK[FJ* NL*MBC*JCHNRCLMJ*JBEFMGV*OZEPC*OLH*ZCGED*MBC*HNJKELMNL[NMV*EX*KEFC

!a;.@:.* OLH* DOJ* SFEZOZGV* HNJSCFJCH* ZV* ZNEM[FZOMNELOG* SFEKCJJCJ"* ,BC* HNJKELMNL[NMV* MB[J

SFEZOZGV*FCSFCJCLMJ*MBC*ROFNLC*XGEEHNLT*J[FXOKC"

)*FCGNOZGC*POG[C*XEF*8EGEKCLC*JCHNRCLMOMNEL*FOMCJ*KOL*ELGV*ZC*KOGK[GOMCH*XFER*KEFC*!a;..:3Q

DBCFC* NM* NJ* OFE[LH* !d* KRkYVF"* )GG* EMBCF* KEFCJ* HE* LEM* SEJJCJJ* O* FCSFCJCLMOMNPC* 8EGEKCLC

JCHNRCLM*KEPCF*H[C*ME*MBCNF*GEKOMNEL*NL*NLKNJCH*POGGCVJ*EF*H[C*ME*OTCJ*RCOJ[FCH*EL*FCDEFYCH

ROMCFNOG"
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!"#$%(&''7.*&+*2';.2$;/'$8'2$;.&'!^<39@3'M,NK'!^<3H@3'MIN',%/'!^<3X@3'M2N"'S;$8*).').%?-5&'2,"'9"`'W+K'<"H'W+',%/

H"^'W+K';.&1.2-*B.)F

,BC*[LHCFGVNLT*HCSEJNMJ*EX*KEFC*!a;.@:.*DNMB*OL*OTC*EX*;3*.!d*!;(*VCOFJ*4=*NL*!33*KR*KEFC

HCSMB*DCFC*SFEZOZGV*HCSEJNMCH*H[FNLT*O* FCTFCJJNELOG*SBOJCQ* J[TTCJMCH*ZV*JCODOFH*HNSSNLT

FCXGCKMEFJ*NL*MBC*JCNJRNK*FCKEFH*^7NT"*.!K_"*,BC*JCO*GCPCG*OM*MBOM*MNRC*EX*KO"*:ad*R*^8OLCZ[MB*CM

OG"*.ddd_*DE[GH*OGJE*CUSGONL*MBC*BNTB*KELMCLM*EX*SGOLM*XFOTRCLMJ*NL*MBC*KEOFJC*TFONL*XFOKMNEL"

,BC* HCSEJNMJ* [LHCFGVNLT* MBC* 8EGEKCLC* JCHNRCLM* KEPCF* NL* MBC* FCRONLNLT* KEFCJ* XFER* MBC

L$;-5.;%'75.)8*JBED*POFNE[J*JCHNRCLMJ*DNMB*BNTB*ORE[LMJ*EX*SGOLM*XFOTRCLMJ*OLH*GNMBEKGOJMJ
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^[S* ME*`@*W_* NL* MBC*KEOFJC*TFONL* XFOKMNEL* ^JCC*OSSCLHNU_Q* MVSNKOG* XEF* NLKNJCH*POGGCV* XNGGJ* ^KS"

8OLCZ[MBQ*.ddd_"*4EMB*KEFCJ* NLHNKOMC*O*BNTB* MCFFNTCLE[J* NLXG[CLKC*H[C* ME* FNPCF* J[SSGV*OLH

HCSEJNMNEL*NL*JBOGGED*DOMCF*HCSMBJ*HEDL*ME*:.d*R*KEFFCJSELHNLT*ME*MBC*>.)-,'#$=-5'XOKNCJ

^KS"*8OLCZ[MBQ*.dddc*8OLCZ[MB*OLH*+MOMMCTTCFQ*.dd._"*,BC*NLKNJCH*POGGCVJ*DCFC*SFEZOZGV*K[M

NLME*MBC*=GCNJMEKCLC*GOLH*J[FXOKC*ZV*ZFOLKBCJ*EX*SOGCE:FNPCFJ*HFONLNLT*NLME*MBC*+(+"

6K6 /JPIHPPJFC

6K6K, +LGJQLCDFMFNV

)J*JBEDL*OZEPC*MBC*HCSEJNMJ* XFER*MBC*6NCMLORCJC*+BCGX*KOL*ZC*TFE[SCH* NLME* MBFCC*TCLCMNK

OFCOJm* O* 7$=-5.;%' 75.)8' ,;.,Q* O* (.%-;,)' 75.)8' OFCO' OLH* O* L$;-5.;%' 75.)8' OFCO"* 8EGEKCLC

HCSEJNMJ* XFER* MBC*7$=-5.;%'75.)8'OLH*L$;-5.;%'75.)8'C][OG* NL*ROLV*OJSCKMJ*H[C* ME* JNRNGOF

JCHNRCLMEGETNKOG*KELHNMNELJ*EL*O*DNHC*JBCGX* NL* MBC* XEFRCF* NLXG[CLKC*EX* GOFTC* FNPCF* JVJMCRJ"

,BC*8EGEKCLC*JCHNRCLMOMNEL*FOMCJ*NL*MBC*7$=-5.;%'75.)8'OFCO*OFC*DNMB*<*:*!d*KRkYVF*OLH*DNMB

.<*:*;d*KRkYVF*NL*JBCGMCFCH*GEKOMNELJ*LCOFGV*C][OG*ME*MBEJC*NL*MBC*L$;-5.;%'75.)8'DNMB*KO"*!d

KRkYVF"*,BC*SOFMGV*BNTBCF*JCHNRCLMOMNEL*FOMC*EL*MBC*7$=-5.;%'75.)8'FCXGCKMJ*MBC*SEJNMNEL*JMNGG*NL

MBC*NLXG[CLKC*EX*MBC*9CYELT*2NPCFQ*DBCFCOJ*L$;-5.;%'75.)8'GEKOMNELJ*LEDOHOVJ*OFC*HCMOKBCH

EX*HNFCKM*FNPCFNLC*NLXG[CLKC"*+CHNRCLM*JMOFPOMNELQ*XEGGEDNLT*MBC*JC][CLKC*JMFOMNTFOSBNK*KELKCSM

^6ONG*CM*OG"Q*!``!_Q*NJ*EZJCFPCH*NL*ZEMB*OFCOJ*OJ*O*KELJC][CLKC*EX*FNJNLT*JCO*GCPCG*NL*MBC*GOMC

=GCNJMEKCLC*OLH*COFGV*8EGEKCLC"*%L*MBC*L$;-5.;%'75.)8'O*KELHCLJCH*JCKMNEL*NJ*SFCJCFPCH"*'L

ZEMB*OFCOJQ*DNMB*MBC*FOSNHGV*FNJNLT*JCO*GCPCGQ*JCHNRCLM*J[SSGV*DOJ*FCH[KCH*HFOJMNKOGGV*H[C*ME

OL*NLKFCOJCH*HNJMOLKC*ME*GOFTC*JCHNRCLM*J[SSGNCFJ"*,BC*MCFFNTCLE[J*MVSC*EX*JCHNRCLMOMNEL*DOJ

FCSGOKCH* ZV* O* ROFNLC* MVSC* OLH* FCDEFYNLT* SFEKCJJCJ* J[ZJC][CLMGV* BERETCLN\CH* MBC

8EGEKCLC*HCSEJNMJ*DBNKB*NJ*FCXGCKMCH*ZV*KBFELEGETNKOGGV*NLKELJNJMCLM*!;(*HOMCJ*OLH*TGO[KELV

XEFRCH*NL*MBC*KELHCLJCH*JCKMNEL"*,BCFCXEFC*MBC*8EGEKCLC*KEPCF*JCHNRCLMJ*R[JM*ZC*FCTOFHCH

OJ*FCGNKM*JCHNRCLMJ"

'L*CNMBCF*OFCO*HFEDLCH*NLKNJCH*POGGCV*JMF[KM[FCJ*OFC*EZJCFPCH*[LHCFGVNLT*MBC*8EGEKCLC*KEPCF

JCHNRCLMJ"* 0[FNLT* MFOLJTFCJJNELQ* MBC* POGGCVJ* DCFC* XNGGCH* DNMB* SFEZOZGV* CJM[OFNLC* EF* HCGMO

HCSEJNMJ*DNMB*O*GED*KOFZELOMC*KELMCLM*OLH*O*BNTB*KELMCLM*NL*GNMBEKGOJMJ*OLH*SGOLM*XFOTRCLMJ"

,BC* 8EGEKCLC* HCSEJNMJ* EX* MBC* (.%-;,)' 75.)8' HNXXCF* XFER* MBEJC* EX* MBC* SFCPNE[JGV* HNJK[JJCH

FCTNELJ"* 0CSCLHNLT* EL* FCKCLM* JCHNRCLMEGETNKOG* KELHNMNELJ* OLH* NLMCLJNMV* EX* MCFFNTCLE[J

NLXG[CLKC*MBC*8EGEKCLC*JCHNRCLMJ*EL*MBC*(.%-;,)'75.)8*KOL*ZC*JEFMCH*NLME*MBFCC*TFE[SJ"*,BC

JCHNRCLMOMNEL* FOMC* NJ* BNTB* DNMB* POG[CJ* XFER* <d* ME* !dd* KRkYVF* H[C* ME* MBC* SFEUNRNMV* EX

RE[LMONLE[J* FNPCFJ*HFONLNLT*HNFCKMGV* NLME* MBC* +(+*LCOFZV"* =COY* JCHNRCLMOMNEL* FOMCJ* EX* <dd
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OLH*!*ddd*KRkYVF*OFC*EZJCFPCH*NL*KEFC*JCKMNELJ*XFER*GEKOMNELJ*DNMB*O*PCFV*BNTB*OPONGOZNGNMV*EX

JNGNKNKGOJMNK*ROMCFNOG*DBNKB* NJ* SFEZOZGV* HCGNPCFCH* ZV* MBEJC* RE[LMONLE[J* FNPCFJ"* ,BCJC* BNTB

JCHNRCLMOMNEL*FOMCJ*EKK[FFCH*H[FNLT*COFGV*8EGEKCLC*MNRCJ*OLH*OFC*SFEZOZGV*KEFFCGOMOZGC*DNMB

JMFCLTMBCLCH*+>:RELJEEL*NL*MBC*)LLORNMC*FCTNEL*^KS"*9OUDCGGQ*.dd!_"

,BC*CXXCKM*EX*JCHNRCLM*JMOFPOMNEL*OKKERSOLVNLT*MBC*FOSNH*JCO:GCPCG*FNJC*DOJ*LC[MFOGN\CH*H[C

ME*MBC*LOFFEDLCJJ*EX*MBC*JBCGX*NL*MBC*(.%-;,)'75.)8'OFCOQ*YCCSNLT*O*LCOFJBEFC*SEJNMNEL"*'LJMCOHQ

MBC*JMCOHV*J[SSGV*EX* MCFFNTCLE[J*JCHNRCLMJ* ME*MBC*HCSEKCLMCFJ*OGGEDCH* MBC*OKK[R[GOMNEL*EX

MBNKY*8EGEKCLC*HCSEJNMJ"*,BC*REHCG*EX*LEL:HCSEJNMNEL*OLH*JCHNRCLM* JMOFPOMNEL*H[FNLT* JCO:

GCPCG*FNJC*NJ*LEM*OSSGNKOZGC*XEF*MBNJ*OFCO"

,BC* MFOLJSOFCLKV* EX* MBC* JCNJRNK* FCXGCKMEFJ* H[C* ME* BNTB* JCHNRCLMOMNEL* FOMCJ* NL* MBNJ* FCTNEL

METCMBCF*DNMB*O*KERSOFNJEL*EX*JCHNRCLMEGETNKOG*OJ*DCGG*OJ*TCEKBCRNKOG*SFEUNCJ*OLH*!;(*HOMCJ

SCFRNMJ*MBC*KEFFCGOMNEL*EX*JCHNRCLM*KEFCJm

)*HNFCKM*KEFFCJSELHOLKC*EX* JCHNRCLM* KEFCJ* KOL*ZC*HCMCKMCH* NL* MBC*KEFC*SONFJ*!a3`A:.*OLH

!a3`a:3Q* !a3`a:3* OLH* !a;d!:3Q* !a;!;:3* OLH* !a;!<:.Q* !a;!`:3* OLH* !a;.d:.* ^7NT"* .._Q

DBCFCOJ* MBC* MVSCJ* EX* HCSEJNMJ* XFER* MBC* 7$=-5.;%' 75.)8' OLH* MBC* L$;-5.;%' 75.)8' OFC* MEE

ROLNXEGH* XEF* HNFCKM* KEFFCGOMNEL"* (EFCJ* !a3`A:.Q* !a3`a:3* OLH* !a;d!:3* XFER* O* SFEXNGC

SCFSCLHNK[GOF*ME*MBC*KEOJM*NL*-BO*,FOLT*4OV*KOL*ZC*KEFFCGOMCH*XFER*ZEMBQ*MBC*JCNJRNK*FCKEFH

^7NT"* !`_* OLH* JCHNRCLMEGETNKOG* FCJ[GMJ* ^OSSCLHNU_"* 'L* KEFC* !a3`A:.* MDE* HNJKELMNL[NMNCJ

FCPCOGCH* ZV*p:FOV* FOHNETFOSBNCJ* OLH* JMFELTGV* J[SSEFMCH* ZV* POFNOMNELJ* NL* JOLH:Q* KOFZELOMC:Q

(EFT:KELMCLM*OLH*KEOFJC*TFONL*OLOGVJCJQ*OFC*SFCJCLM"*8CFCQ*O*JCKMNEL*EX*KGOVCVQ*[LZNEM[FZOMCH

HCSEJNMJ* EKK[FJ"* 'M* JBEDJ* O* BNTB* SCFKCLMOTC* EX* GNMBEKGOJMJ* NL* MBC* KEOFJC* TFONL* XFOKMNEL* OLH

SFEZOZGV* OKK[R[GOMCH* NL* OL* CPCLM:GNYC* ROLLCF* JNLKC* MBC* HCSEJNMJ* ZCGED* OLH* OZEPC* MBNJ

JCKMNEL*BOPC*ZCCL*HOMCH*ME*;add*OLH*3`!d*!;(*VCOFJ*4=Q*FCJSCKMNPCGV"*,BC*JCHNRCLMJ*OZEPC

OLH* ZCGED* MBNJ* IJG[RSI* KEFFCGOMC* DNMB* MBC* HCSEJNMJ* EX* MBC* KEFCJ* !a3`a:3* OLH* !a;d!:3"

+\K\[KlLJYN* OLH* +MOMMCTTCF* ^.dd!_* NLMCFSFCMCH* MBC* [LKELXEFRNMV* NL* MBNJ* SFEXNGC* OJ* MBC

MFOLJTFCJJNPC* J[FXOKC"* ,BC* OTC*SFEXNGC* EX* KEFC* !a3`A:.* JMOLHJ* NL* KELMFOJM* ME* MBC* XNLHNLTJ* EX

+\K\[KlLJYN*OLH*+MOMMCTTCF*^.dd!_Q*OLH*NJ*KGCOFGV*NLHNKOMNLT*O*8EGEKCLC*OTC*EX*MBC*GEDCF*[LNM

^7NT"*!3_"

7[FMBCF*LEFMB* NL* MBC* JM[HV*OFCO* MBC* JCNJRNK* FCKEFHJ*EX* KEFCJ*!a;!`:3*OLH*!a;.d:.*KELXNFR

GOLHDOFH* MBNKYCLNLT* JC][CLKCJ* ^7NT"* .._* DBNKB* KCFMNXNCJ* O* JMFELT* NLXG[CLKC* EX* MCFFNTCLE[J

JCHNRCLMJ"* 'L* KERZNLOMNEL* DNMB* MBC* JCHNRCLMEGETNKOG* FCJ[GMJ* MBC* [SSCF* ;<d* KR* EX* KEFC

!a;.d:.*JCCR*ME*ROMKB*DNMB*MBC*[SSCFREJM*!<d*KR*EF*JE*EX*KEFC*!a;!`:3*^OSSCLHNU_"*,BC

OTC*SFEXNGC*EX*ZEMB*KEFCJ*J[SSEFMJ*MBNJ*OJJ[RSMNEL*^7NT"*!3_"
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6K6K1 +LGJQLCDODJFC&.ODLP\"IIHQHMODJFC&.ODLP

+CHNRCLMOMNEL* FOMCJ* XEF* MBC* (.%-;,)' 75.)8' OFC* ELC* ME* MDE* EFHCFJ* EX* ROTLNM[HC* BNTBCF* MBOL

MBEJC* XFER* MBC* 7$=-5.;%' 75.)8* OLH* MBC* L$;-5.;%' 75.)8K' FCJSCKMNPCGV"* ,BNJ* JMFCLTMBCLJ* MBC

OJJ[RSMNEL* MBOM* JROGG*RE[LMONLE[J* FNPCFJ* KELMFNZ[MC* O* GOFTC* JBOFC*EX* JCHNRCLMJ* ME* MBC*+(+

OLH*MBC*DEFGHJ*EKCOLJ*NL*TCLCFOG*^9NGGNROL*OLH*+VPNMJYNQ!``._"*7EF*REHCFL*JCHNRCLMJ*XFER

MBC* SFEXNGC* EX*-BO* ,FOLT* 4OV* NL* MBC* (.%-;,)' 75.)8' OFCOQ* +\K\[KlLJYN* OLH* +MOMMCTTCF* ^.dd!_

HCMCFRNLCH*REHCFL*JCHNRCLMOMNEL*FOMCJ*ZOJCH*EL*MBC*.!d=Z*RCMBEH*FOLTNLT*ZCMDCCL*!dd*OLH

;dd* KRkYVF"* ,BCJC* FCJ[GMJ* KENLKNHC* DNMB* E[F* XNLHNLTJ* OGMBE[TB* HCMCFRNLOMNEL* EX

JCHNRCLMOMNEL*FOMCJ*ZOJCH*EL*FOHNEKOFZEL*HOMNLT*NJ*R[KB*REFC*FCGNOZGC*MBOL*ZV*.!d=Z*DBNKB

NJ*OJJ[RCH*ME*EPCFCJMNROMC*MBC*FCOG*POG[CJ"*^(OFSCLMCF*CM*OG"Q*!`a.c*(OFSCLMCF*CM*OG"Q*!`a<_"

,BC*JSOFJCLCJJ*EX*HOMO*KELKCFLNLT*8EGEKCLC*9)2*EL*MBC*JBCGPCJ*EX*MBC*+(+*HECJ*LEM*OGGED*O

HCMONGCH* NLMCFKERSOFNJEL*EX*9)2"*#OE* ^KNMCH* NL*>OLTQ*!```_*HCMCFRNLCH*OL*OKK[R[GOMNEL

FOMC*EX*.".;*TkKR.YVF*EL*HCSEJNMJ*XFER*!ad*RRDH*NL*MBC*LEFMBCFL*SOFM*EX*MBC*+(+*EXX*8ONLOL"

9NL*^KNMCH*NL*>OLTQ*!```_*KOGK[GOMCH*O*9)2*EX*.`";@*TkKR.YVF*NL*O*KEFC*XFER*!.;*RRDH

XFER*MBC*LEFMBCOJMCFL*SOFM*EX*MBC*+(+*^7NT"*.3_"*(ERSOFNJEL*EX*MBCNF*JCHNRCLMOMNEL*FOMCJ*DNMB

MBC*JCHNRCLMOMNEL*FOMCJ*XFER*MBNJ*JM[HV*KCFMNXNCJ*KERSOFOMNPCGV*PCFV*BNTB*JCHNRCLMOMNEL*FOMCJ

EL*MBC*(.%-;,)'75.)8"*7EGGEDNLT*MBC*JCHNRCLMOMNEL*FOMCJQ*MBC*HCSEJNMJ*XFER*MBNJ*JM[HVQ*DNMB*HFV

Z[GY* HCLJNMNCJ* EX* KO"* !"!<* TkKR3* EL* MBC* OPCFOTC* ^ROU"* d"aQ* RNL"* !"3* TkKR3_Q* JBED* ROJJ

OKK[R[GOMNEL*FOMCJ*^9)2_*EX*@*ME*!.*TkKR.YVF*^3d*ME*;<*TkKR.YVF*NL*JBCGMCFCH*OFCOJ_*XEF*MBC

7$=-5.;%'75.)8*OLH*KO"*!.*TkKR.YVF*XEF*MBC*L$;-5.;%'75.)8Q*FCJSCKMNPCGV*^7NT"*.3_"*9)2*NL*MBC

(.%-;,)'75.)8'OFCO*E[MFOLTC*MBNJ*POG[CJ*DNMB*@d*:*!.d*TkKR.YVF*EL*MBC*OPCFOTC*OLH*@dd*:*!.dd

TkKR.YVF*NL*OFCOJ*DNMB*O*BNTB*OPOGOZNGNMV*EX*JNGNKNKGOJMNK*ROMCFNOG*^7NT"*.3_"*,B[JQ*MBC*XNLHNLTJ*EX

#ON*OLH*9NL*^KNMCH*NL*>OLTQ*!```_*OFC*CUKCCHCH*OM*GCOJM*ZV*O*XOKMEF*EX*MDE*ME*XE[F*ZV*9)2*NL

MBC*(.%-;,)'75.)8'OFCOQ*DBCFCOJ*FCTNELJ*DNMB*SCOY*JCHNRCLMOMNEL*E[MFOLTC*MBCNF*POG[CJ*ZV*O

XOKMEF*FOLTNLT*ZCMDCCL*.d*OLH*;d"
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7EF*MBC*HCCSCF*SOFMJ*EX*MBC*+(+Q*+KB�LXCGH*OLH*?[HFOJJ*^!``3_*XE[LH*O*REHCFL*9)2*EX*d"<!

TkKR.YVF* XEF* MBC* JBOGGEDCJM* KEFC* NL* MBCNF* JM[HV* XFER* ..d* RRDH"* >OLT* ^!```_* SFESEJCJ

OPCFOTC* 9)2* EX* ;"a@* TkKR.YVF* XEF* MBC* DCJMCFL* ROFTNLOG* SOFM* EX* MBC* +(+"* 8EDCPCFQ* O

KERSOFNJEL* EX* JBCGX* JCHNRCLMJ* PCFJ[J* JBCGX* ZFCOYQ* JGESC* OLH* HCCS* JCO* JCHNRCLMJ* NJ* LEM

FCOJELOZGC* JNLKC* MBC* HCTGOKNOG* JCO:GCPCG* FNJC* FCJ[GMCH* NL* O* JBNXMNLT* EX* HCSEKCLMCFJ* XFER* MBC

JBCGX* ZFCOY* OLH* JGESC* ME*REFC* SFEUNROG* FCTNELJ* ^+KB�LXCGH* OLH*?[HFOJJQ* !``3c*8OLCZ[MBQ

.ddd_"

!"#$%()''#,&&',22=+=),-*$%';,-.&'*%'-5.'7$=-5.;%'75.)8',;.,K'-5.'(.%-;,)'75.)8',;.,',%/'-5.'L$;-5.;%'75.)8',;.,
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6K6K4 '[VNLC&-PFDFRLP

,BC*MFCLH*NL*KEFC*!a;!;:3*XFER*.!*RRDH*NL*δ!a%*MEDOFHJ*GNTBMCF*POG[CJ*ZCMDCCL*@dd<*!;(

VCOFJ* 4=* OLH* SFEZOZGV* FCKCLM* MNRC* KOL* ZC* NLMCFSFCMCH* OJ* NLKFCOJCH* NLXG[CLKC* EX* RCMCEFNK

DOMCFJ"*,BNJ*NLKFCOJCH*NLXG[CLKC*KE[GH*CNMBCF*ZC*KO[JCH*ZV*JBEFCGNLC*SFETFOHOMNEL*XEGGEDNLT

MBC*JGNTBM* JCO* GCPCG* GEDCFNLT*OXMCF* MBC* GOJM*BNTBJMOLH*OM* OSSFEUNROMCGV*<<dd*VCOFJ*4=*EF*ZV

REFC*B[RNH*KGNROMNK*KELHNMNELJ"

0E[ZGC*RCOJ[FCRCLMJ*XFER*KEFC*!a;!@:.*JBED*HNXXCFCLKCJ*NL*EUVTCL*NJEMESNK*KERSEJNMNEL

EX* [S* ME* !"<* y"* ,BNJ* POFNOMNEL* KE[GH* ZC* OMMFNZ[MCH* ME* BCMCFETCLCE[J* OLH* POFNOZGC

JCHNRCLMEGETNKOG*KELHNMNELJ*EL*MBC*JBOGGED*JBCGXQ*NLXG[CLKCH*ZV*KBOLTCJ*EX*FNPCFNLC*NLS[M*OJ

DCGG* OJ* FCDEFYNLT* SFEKCJJCJ"* 7[FMBCFREFC* JG[RSJQ*DBNKB* OFC* EZJCFPCH* OM* JCHNRCLM* JMOMNEL

!a;!<:.Q*SFEZOZGV*OXXCKMCH*MBC*JNMC*EX*KEFC*!a;!@:.*OJ*DCGGQ*DBNKB*NJ*J[SSEFMCH*ZV*MBC*OTC

SFEXNGC*EX*MBNJ*KEFC*DNMB*`a.d*!;(*VCOFJ*4=*NL*;`!"<*KR*KEFC*HCSMB*OLH*`!`<*!;(*VCOFJ*4=*NL

`a* KR* KEFC* HCSMB"* 0[C* ME* CLEFRE[J* JCHNRCLMEGETNKOG* POFNOMNELJ* EL* MBC* JBCGXQ* EUVTCL

NJEMESCJ*KOL*TCLCFOGGV*LEM*ZC*FCTOFHCH*OJ*O*SFERNJNLT*MEEG*NL*MBNJ*CLPNFELRCLM"

6K6K6 .LPLEUFJE&"NL

2OHNEKOFZEL* ^!;(_* NJ* SFEH[KCH* NL* MBC* [SSCF* OMREJSBCFC* ZV* KEJRNK* FOVJ"* 'MJ* RNUNLT* DNMB

KOFZEL* NL* MBC* EKCOLJ* NL* MBC* XEFR* EX* (%.* NJ* JGEDCF* MBOL* RNUNLT* DNMB* KOFZEL* NL* MBC

OMREJSBCFC"*7[FMBCFREFC*[SDCGGNLT*EX*HCCS*EKCOL*DOMCF*OGJE*ZFNLTJ*OLKNCLMQ*GCJJ*FOHNEOKMNPC

KOFZEL* ME* MBC* EKCOL* J[FXOKC"* ,BNJ* FCJ[GMJ* NL* HCSGCMNEL* EX* ROFNLC* EFTOLNJRJ* ^MNJJ[C* OLH

KOFZELOMC* MCJMJ_* NL* !;(* KERSOFCH* ME* EFTOLNJRJ* DBNKB* HFOD* MBCNF* !;(* HNFCKMGV* XFER* MBC

OMREJSBCFC*^C"T"*SGOLMJ_"*,BCFCXEFC*ROFNLC*JORSGCJ*KOL*VNCGH*OSSOFCLM*OTCJ*JCPCFOG*B[LHFCH

VCOFJ*EGHCF*MBOL*GOLH:HCFNPCH*JORSGCJ"*,BNJ*HNJKFCSOLKV*NJ*KOGGCH*MBC*FCJCFPENF*CXXCKM"

#CLCFOGGVQ*MBC*FCJCFPENF*CXXCKM*DOJ*KELJNHCFCH*ME*ZC*;dd*VCOFJ*NL*OGG*MBC*EKCOLJ"*,EHOV*NM*NJ

YLEDL*MBOM*MBC*CXXCKM*POFNCJ*TCETFOSBNKOGGV*OJ*DCGG*OJ*MBFE[TB*MNRC"*?LEDL*ROFNLC*FCJCFPENF

OTCJ*FOLTC*XFER*!`d*x*;d*!;(*VCOFJ*NL*XFELM*EX*KEOJMOG*=CF[*OLH*(BNGC*^+E[MBEL*CM*OG"Q*!``<_

EPCF*KO"*<ad*!;(*VCOFJ*XEF*SOFMJ*EX*MBC*COJMCFL*=OKNXNK*^+BOKYGCMEL*CM*OG"Q*!`aa_*ME*Aaa*x*33
!;(*VCOFJ*XEF*MBC*LEFMBCOJMCFL*=OKNXNK*^+E[MBEL*CM*OG"Q*!``._"*7[FMBCFREFC*MBC*ROTLNM[HC*EX*MBC

FCJCFPENF*CXXCKM*NL*MBC*'KCGOLH*OLH*-EFDCTNOL*+COJ*ROV*BOPC*POFNCH*ZV*OJ*R[KB*OJ*!@dd*!;(

VCOFJ*EPCF*MBC*GOJM*<d*YO"*^6ECGYCF*CM*OG"Q*!``a_"*>OLT*CM*OG"*^!```_*OJJ[RC*O*FCJCFPENF*OTC*EX

[S*ME*!<dd*VCOFJ*XEF*MBC*+(+*OM*MBC*MNRC*EX*MBC*GOJM*TGOKNOG*ROUNR[R"

,BCFCXEFC*CPCFV*FCTNELOG*JM[HV*MBOM*CRSGEVJ*FOHNEKOFZEL*HOMNLT*EL*ROFNLC*EFTOLNJRJ*JBE[GH

CJMOZGNJB*MBC*KEFFCKM*FCJCFPENF*KEFFCKMNEL*XEF*MBOM*FCTNEL"*9OLV*SFCPNE[J*JM[HNCJ*NL*MBC*+E[MB

(BNLO*+CO*[JCH*O*JMOLHOFH*FCJCFPENF*KEFFCKMNEL*EX*;dd*VCOFJ"*$JSCKNOGGV*NL*KEOJMOG*OFCOJ*DNMB

BNTB*MCFFNTCLE[J*F[LEXX*OL*NLXG[CLKC*EX*LEL*ROFNLC*!;(*BOJ*ME*ZC*KELJNHCFCH*^KS"*>NGGYERRQ



:$)$2.%.'7./*+.%-&'$%'-5.'6*.-%,+.&.'75.)8

<A

!`a@_"* ,BC* KEOJMOG* DOMCFJ* EX* 6NCMLOR* FCKCNPC* GOFTC* ORE[LMJ* EX* XG[PNOG* NLS[M* XFER* MBC

JE[MBCOJM* )JNOL* KELMNLCLMQ* DBNKB* NJ* CLFNKBCH* NL* !;(* KERSOFCH* ME* ROFNLC* DOMCFJ"* ,BEJC

RCMCEFNK*DOMCFJ*ZNOJ*MBC*NJEMESNK*JNTLOG*EX*JCODOMCF*MEDOFHJ*MBC*OMREJSBCFNK*JNTLOG"*+E[MBEL

CM* OG"* ^NL* SFCJJ_* KOGK[GOMCH* FCJCFPENF* OTCJ* ZCMDCCL* <;d*x* @d* OLH* .;;*x* @d* !;(* VCOFJ* XEF

ROFNLC* KOFZELOMC* JORSGCJ* ^KEFOGJQ* TOJMFESEHJQ* ZNPOGPC* JBCGGJ_* XFER* MBC* KEOJMOG* +(+Q* DBNKB

J[SSEFM*MBC*[JC*EX*MBC*JMOLHOFH*FCJCFPENF*KEFFCKMNEL*EX*;dd*VCOFJ"

'L* MBC* KE[FJC*EX* MBNJ* JM[HV* O* SEJJNZGC* FCJCFPENF* OTC*BOJ* ZCCL*HCMCFRNLCH*EL* KEFC*!a;!<:.

XFER*[LOGMCFCH*JBCGG*XFOTRCLMJ*OLH*DEEH*XFOTRCLMJQ*FCJSCKMNPCGV"*2CJSCKMNPC*ROMCFNOGJ*XFER

<.@*KR*KEFC*HCSMB*DCFC*HOMCH*ME*A`Ad*x*<d*OLH*AA@d*x*;<*!;(*VCOFJ*4=Q*DBNKB*FCJ[GMJ*NL*O

FCJCFPENF*OTC*EX*.!d*x*@<*VCOFJ*^#FEEMCJQ*SCFJ"*KERR"_"

8EDCPCFQ*JNLKC*KEFC*!a;!<:.*JBEDJ*JERC*KEOFJC* GOVCFJ* NL* MBC*p* :FOV*FOHNETFOSBJ* ^7NT"*!3_

DBNKB*OFC*NLMCFSFCMCH*OJ*JG[RS:GNYC*JMF[KM[FCJQ*MBC*FCGNOZNGNMV*EX*MBNJ*FCJCFPENF*OTC*NJ*HCZOMOZGC

JNLKC*MBCFC*ROV*EKK[F*O*MNRC:GOT*ZCMDCCL*MBC*!;(*OTC*OLH*MBC*XNLOG*HCSEJNMNEL*EX* MBC*DEEH

XFOTRCLMJ"*)HHNMNELOGGVQ*HOMNLT*EX*JBCGG* XFOTRCLMJ*ZCOFJ*OL*[LKCFMONLMV*KELKCFLNLT*XFCJBLCJJ

EX* MBC* HOMCH* ROMCFNOG* H[C* ME* SEJJNZGC* MFOLJSEFM* OLH* FCDEFYNLT* EX* MBC* ROMCFNOG* SFNEF* ME

HCSEJNMNEL"* ,BCFCXEFCQ* OLH* ME* CLJ[FC* KERSOFOZNGNMV* DNMB* SFCPNE[J* JM[HNCJ* ^8OLCZ[MB* CM* OG"

.ddd_Q*ROFNLC*KOFZELOMC*JORSGCJ*EX*MBNJ*JM[HV*BOPC*ZCCL*KEFFCKMCH*XEF*MBC*JMOLHOFH*FCJCFPENF

OTC*EX*;dd*VCOFJ"

6K6K= 5OMLF<(OIJLP&OCG&+LO&MLULM

,BC*HOMCH*JCHNRCLMJ*DCFC*HCSEJNMCH*NL*SOGCE:CLPNFELRCLMJ*EX*KCFMONL*DOMCF*HCSMBJ*EX*DBNKB

JERC* OFC* FCGCPOLM* XEF* JCO* GCPCG* FCKELJMF[KMNEL"* =OFMNK[GOF* JCKMNELJ* EX* MBC* KEFCJ* !a3A@:.Q

!a3a`:3Q* !a;.3:.Q* !a;.<:.* OLH* !a;.@:.* DCFC* HCSEJNMCH* OJ* >.)-,' #$=-5* EF* >.)-,' R;$%-

XOKNCJ*DNMB*KEFFCJSELHNLT*DOMCF*HCSMBJ*EX*<*:*.d*R"*,BEJC*HCSEJNMJ*TCLCFOGGV*KEFFCJSELH*ME

>.)-,'#$=-5*OLH*R;$%-* XOKNCJ*EL*MBC*+[LHO*+BCGX*OLH*MBC*FCKCLM*9CYELT*0CGMO* ^8OLCZ[MBQ

SCFJ"*KERR"Q*,O*CM*OG"Q*NL*SFCJJ_"*0CSEJNMJ*EX*KEFC*!a3a`:3*OKK[R[GOMCH*OJ*>.)-,'R;$%-*XOKNCJ

DNMB* MNHOGGV* NLH[KCH* NLMCFKOGOMNELJ* EX* EFTOLNK* SOMKBCJ* OLH* JOLHV* GOVCFJ* OLH* OGJE* SFEZOZGV

XEFRCH*NL*DOMCF*HCSMBJ*ZCMDCCL*<*OLH*.d*R"*+CKMNELJ*EX*MBC*KEFCJ*!a;da:3Q*!a;d`:3Q*!a;!;:

3Q*!a;!<:.Q*OLH*!a;!A:3*NLKG[HC*JCHNRCLMJ*ROMKBNLT*DNMB*MBC*KBOFOKMCFNJMNKJ*EX'7*)*2*2),&-*2

0%%.;'75.)8'XOKNCJ"*8CFC*SOGCE:DOMCF:HCSMBJ*EX*<*:*3d*R*OFC*OJJ[RCH"

)XMCF* KEFFCKMNELJ* XEF* SOGCE:DOMCF:HCSMBQ* JORSGC* HCSMB* NL* KEFC* OLH* MBC* RCOL* EX* MBC* SOGCE:

DOMCF:HCSMB*O*FOLTC*XEF*SOGCE*JCO:GCPCG*DOJ*HCMCFRNLCH*METCMBCF*DNMB*KOGNZFOMNEL*ME*KOGCLHOF

VCOFJ*4=*^,OZ"*a_"*9EJM*EX*MBC*HOMO*KENLKNHC*DNMB*MBC*JCO*GCPCG*K[FPC*EX*8OLCZ[MB*CM*OG"*^.ddd_

^7NT"*.!_"*(EGEFCH*ROFYCFJ*NLHNKOMC*HOMO*MBOM*BOPC*ZCCL*KEFFCKMCH*XEF*SOGCE:DOMCF:HCSMB*XFER

MBC*L$;-5.;%'75.)8'^FCH_Q*MBC*(.%-;,)'75.)8'^ZG[C_'OLH*MBC*7$=-5.;%'75.)8'^TFCCL_Q*FCJSCKMNPCGV"
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%MBCF*HOMCJ* XFER*JORSGCJ*DBNKB*HE*LEM* FCSFCJCLM*SOGCE:CLPNFELRCLMJ*J[NMOZGC* XEF*JCO:GCPCG

FCKELJMF[KMNEL*BOPC*ZCCL*SGEMMCH*XEF*KERSGCMCLCJJ"*-EMC*MBOM*MBC*!*JNTRO*FOLTC*BOJ*LEM*ZCCL

SGEMMCH"

,BC*KOGNZFOMCH*HOMCJ* XFER*MBC*7$=-5.;%'75.)8*EX*KEFC*!a3a`:3*^!;"!;*YVF*4=*NL*``*KR*KEFC

HCSMB*OLH*!;"`.Q*!;"aaQ*!;"3@*YVF*4=*NL*!a@*KR*KEFC*HCSMB_*TFE[S*NL*MBC*OFCO*EX*RCGM*DOMCF

S[GJC*^9>=_*!)*^7NT"*.;_"*8OLCZ[MB*CM*OG"*^.ddd_*HOMCH*O*RObEF*FNJC*NL*JCO*GCPCG*EX*!@*R*NL

MBC*+(+*ZCMDCCL*!;"@*OLH*!;"3*YVF*4="*,BC*HOMCJ*EX*KEFC*!a3a`:3*HE*LEM*LCKCJJOFNGV*JBED*O

FOSNH* JCO:GCPCG* FNJC* XEF* MBC* MNRC*EX*9>=*!)"*8EDCPCFQ* O* JGNTBM* KBOLTC* NL* MBC*HCSEJNMNELOG

CLPNFELRCLM*EKK[FFCH*NL*KEFC*!a3a`:3*ZCMDCCL*!a@*KR*KEFC*HCSMB*OLH*``*KR*KEFC*HCSMB

^JCC*OSSCLHNU_Q*JBEDNLT*OL*NLKFCOJC*NL*KOFZELOMC*KELMCLMQ*DBNKB*NJ*SFEZOZGV*OMMFNZ[MOZGC*ME

NLKFCOJNLT*ROFNLC*KELHNMNELJ*H[C*ME*O*FNJC*NL*JCO:GCPCG"*7[FMBCFREFCQ*MBC*FOLTC*NL*DOMCF*HCSMB

XEF*MBC*HCSEJNMNELOG*XOKNCJ*^DNHMB*EX*CFFEF*ZOFJ_*HECJ*LEM*CUKG[HC*O*FOSNH*JCO:GCPCG*FNJC"
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Core Water Sample Paleo facies Range of Possible AMS-14C age Deviation Calibrated
No depth [m] depth [cm] paleo water paleo sea- [yrs] BP +/- ages [kyr]

depth [m] level [-m] BP

18376-2 89 40 - 8610 45 9.02
18376-2 89 472 Delta Front/Mouth 5-20 -81.22 27140 210
18389-3 109 99 Delta Front/Mouth 5-20 -97.49 12215 50 14.14
18389-3 109 99 Delta Front/Mouth 5-20 -97.49 12160humic 70 14.12
18389-3 109 186 Delta Front/Mouth 5-20 -98.36 12450 70 14.92, 14.88, 14.36
18391-2 115 207 - 4960 35 5.30
18391-2 115 255 - 4875 35 5.23
18391-2 115 295 - 6580 45 7.13
18391-2 115 332 - 7955 40 8.39
18391-2 115 360 - 10040 60 11.06, 10.98, 10.83
18393-3 156  28 - 665 25 0.30
18393-3 156 104 - 1225 25 0.75
18393-3 156  207 - 12160 60 13.79, 13.70, 13.52
18393-3 156  207 - 24330 170

18396-3 61 250 - >49220
18397-2 45 413 - 3910 35 3.87
18397-2 45 488 - 4800 35 5.04
18401-3 134 226 - 2590 40 2.29
18401-3 134 590 - 9910 50 10.78, 10.71, 10.65
18404-3 169 53 - 5705 35 6.15, 6.12
18404-3 169 60 - 29100 390
18404-3 169 225 - 8015 50 8.44
18408-3 108 152 - 1605 30 1.17
18408-3 108 265 Siliciclastic Inner Shelf 5-30 -93.15 16110 120
18408-3 108 265 Siliciclastic Inner Shelf 5-30 -93.15 12580 310 15.15, 14.68, 14.41
18409-3 40 91 - 735 30 0.40
18409-3 40 525 - 5930 35 6.32
18409-3 40 559 Siliciclastic Inner Shelf 5-30 -28.09 8775 50 9.39, 9.23, 9.11
18414-3 21 267 Siliciclastic Inner Shelf -23.67 6005 35 6.41
18415-2 38 107 - 3020 30 2.77
18415-2 38 250 Siliciclastic Inner Shelf 5-30 -23.00 7735 40 8.18
18415-2 38 526 Siliciclastic Inner Shelf 5-30 -25.76 7970 50 8.40
18415-2 38 526 Siliciclastic Inner Shelf 5-30 -25.76 7760 45 8.54, 8.53, 8.52
18416-2 66 98 - 9195 45 9.83
18416-2 66 491 - 9820 50 10.59, 10.44, 10.37
18417-3 97 13 - 4700 45 4.89
18417-3 97 450 Siliciclastic Inner Shelf 5-30 -84.00 11810 60 13.18
18419-3 82 130 - 5740 60 6.17
18419-3 82 525 - 9610 60 10.30
18420-2 62 41 - 900 25 0.51
18420-2 62 511 - 8265 50 8.80

18422-3 84 51 - 5020 30 5.33
18423-2 97 2 - 2445 30 1.85
18423-2 97 46.5 Delta Front/Mouth 5-20 -84.97 13030 60 15.14, 14.69, 14.40
18425-2 95 29 Delta Front/Mouth 5-20 -82.79 12575 60 14.09
18426-2 92 55 - 30130 320
18426-2 92 133 Delta Front/Mouth 5-20 -80.83 43210 2630

Calculation of possible paleo sea-levels occurred after the following formula:
Modern water depth + sample depth in core - mean of paleo-water-depth for respective paleo facies = paleo sea-level
(Example calculation for core 18389-3, 186 cm: 109 m + 1.86 m - 12.5 m = 98.36 m)
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+CO*GCPCG*NLHNKOMNELJ*NL*MBC*(.%-;,)'75.)8'OFCO*OFC*O*ZNM*JSCK[GOMNPC*H[C*ME*OL*[LKCFMONL*FOLTC

EX*DOMCF* HCSMB* EX* MBC* 7*)*2*2),&-*2' 0%%.;' 75.)8* SOGCE* XOKNCJ"*-CPCFMBCGCJJQ* JERC* EX* MBC* HOMO

SENLMJ* OFC* JNM[OMCH* ZCGED* MBC* FCXCFCLKC* K[FPC* EX* 8OLCZ[MB* CM* OG"* ^.ddd_Q* DBNKB* KE[GH* ZC

KO[JCH*ZV*J[ZJNHCLKC*H[C*ME*MBC*CUMFCRCGV*BNTB*JCHNRCLM*NLS[M*JBEDL*OZEPC*^7NT"*.;_"

'L*KELMFOJMQ*HOMO*SENLMJ*EX*L$;-5.;%'75.)8'HCSEJNMJ*SGEM*OZEPC*MBC*JCO:GCPCG*K[FPC*EX*8OLCZ[MB

CM*OG"* ^.ddd_* ^7NT"*.;Q*7NT"*.<_"*)KMNPC* MCKMELNKJ*EXX*-EFMB*6NCMLOR*KE[GH*ZC*OMMFNZ[MOZGC* XEF

MBNJ"*)L*[SGNXM*EX* JERC*RCMCFJ*KE[GH*BOPC*KO[JCH*J[KB*O* JBNXMQ* OGMBE[TB* MEE* GNMMGC* NJ*YLEDL

OZE[M*MCKMELNK*OKMNPNMV*NL*MBNJ*FCTNEL"

!"#$% (0'' ($+1,;*&$%' $8' -.%-,-*B.' &.,' ).B.)' /,-,' 8;$+' 6*.-%,+.&.' 75.)8' /.1$&*-&' V*-5' -5.' &.,' ).B.)' 2=;B.' $8

:,%.I=-5'.-',)"'M3\\\N"'>.&1*-.'-5.'V*/.'.;;$;'I,;'/=.'-$'=%2.;-,*%-F'*%'8,2*.&',&&*?%+.%-'+E[MBCFL*+BCGX*2$;.&

1)$-'V*-5*%'-5.'&.,').B.)'2=;B.'$8':,%.I=-5'.-',)"K'V5.;.,&'(CLMFOG*+BCGX*/.1$&*-&'1)$-'I.)$V',%/'-EFMBCFL*+BCGX

/.1$&*-&' ,I$B.' -5.' 2=;B."' (,)*I;,-./' ,?.&' 8;$+' &,+1).&' V*-5$=-' 1$&&*I).' &.,@).B.)' *%/*2,-*$%' ,;.' 1)$--./' 8$;

2$+1).-.%.&&"'L$-.'-5,-' -5.'!'&*?+,';,%?.'$8'E#7'/,-.&'5,&'%$-'I..%'*%2$;1$;,-./"'75,/./',;.,'$8'+.)-V,-.;

1=)&.'!E'*&'U$$+./'*%'!"#$%(2
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6K6K> /JPIFCDJCHJDJLP

,BC*HNJKELMNL[NMNCJ*DNMBNL*MBC*JCHNRCLM*KEFCJ*FCSFCJCLM*BNOM[JCJ*DNMB*O*H[FOMNEL*NL*MBC*FOLTC

EX* KO"* .<dd* VCOFJQ* KOGK[GOMCH* XFER* KEFCJ* !a3`!:.* OLH* !a;d`:3"* #CLCFOGGVQ* MBC* !;(* HOMCJ

ZCGED* MBC*HNJKELMNL[NMNCJ*ROMKB*DNMB* MBC* FNJNLT* JCO* GCPCGQ* N"* C"* HNJKELMNL[NMNCJ* XFER*HCCSCF

DOMCF*HCSMBJ*DCFC*TCLCFOMCH*COFGNCF*MBOL*MBEJC*XFER*JBOGGEDCF*DOMCF*HCSMBJ"*,BC*JORC*KOL

ZC* JMOMCH* XEF* MBC* JCHNRCLMJ* DBNKB* DCFC* HCSEJNMCH* HNFCKMGV* OZEPC* MBC* HNJKELMNL[NMNCJ"

,BCFCXEFCQ* MBC*HNJKELMNL[NMNCJ* OFC* NLMCFSFCMCH* ME*ZC* KO[JCH*ZV* CFEJNEL*H[C* ME*BVHFETFOSBNK

KBOLTCJ*NL*MBC*KE[FJC*EX*MBC*FNJNLT*JCO*GCPCG"*)*KERSOFNJEL*EX*MBC*HOMO*^,OZ"*`_*DNMB*MBC*JCO

GCPCG* K[FPC* EX*8OLCZ[MB* CM* OG"* ^.ddd_* JBEDJ* MBOM* XFER* MBC* KOGK[GOMNELJ* NL* KEFC* !a;d`:3* O

RNLNR[R* DOMCF* HCSMB* EX* KO"* !a* R* DOJ* TNPCL* DBCL* MBC* [LHCFGVNLT* HCSEJNMJ* BOPC* ZCCL

OKK[R[GOMCH"* ,BCFCOXMCF* JCO* GCPCG* FEJC* OLH* O* MNRC* EX* CFEJNEL* EF* LEL:HCSEJNMNEL* GCH* ME* MBC

XEFROMNEL*EX*O*BNOM[J"*)XMCF*O*KCFMONL*FNJC*NL*JCO*GCPCG*O*LCD*MVSC*EX*JCHNRCLMOMNEL*JCM*NL"*,BC

RNLNR[R*DOMCF* KEPCF* XEF* JCHNRCLMOMNEL* ME* JCM* NL*DOJ* KO"* 3<*R* NL* KEFC* !a;d`:3"* 'L*REJM
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EMBCF*KEFCJ*MBC*BNOM[JCJ*ELGV*XEFRCH*[LHCF*O*BNTBCF*DOMCF*KEPCF*^N"C"*OM*O*JMOTC*EX*BNTBCF*JCO

GCPCG_*OLH*FCLCDCH*JCHNRCLMOMNEL*ZCTOL*[LHCF*O*BNTBCF*DOMCF*KEPCF* MBOL*NL*KEFC*!a;d`:3"

$JSCKNOGGV*KEFCJ* XFER*MBC*7$=-5.;%'75.)8' ^!a3a`:3Q*!a3`!:.Q*!a3`3:._*JBED*FCGOMNPCGV*BNTB

JCO* GCPCG* ZCXEFC* OLH* OXMCF* BNOM[J* XEFROMNEL"* $PCLM[OGGVQ* J[ZJNHCLKC* NJ* FCJSELJNZGC* XEF* MBNJ

NLKFCOJCH*DOMCF*HCSMB"

'L*KELMFOJMQ*KEFC*!a;.3:.*XFER*MBC*L$;-5.;%'75.)8'NLHNKOMCJ*OL*CRCFTCLKC*EX*3*R*OZEPC*JCO

GCPCG*CRSGEVNLT*MBC*8OLCZ[MB:K[FPCQ*OGMBE[TB*ROFNLC^�_*JCHNRCLM*BOJ*ZCCL*XE[LH*OLH*HOMCHQ

BCFC"* +NLKC* FCDEFYNLT* EX* MBC* HOMCH* JCHNRCLM* NJ* PCFV* [LGNYCGV* ^JCO* [FKBNLQ* KS"* SBEME* SGOMCQ

OSSCLHNU_Q* FCTNELOG* [SGNXMQ* OJ* SFESEJCH* ZCXEFC* NL* MBC* JCO* GCPCG* HNJK[JJNELQ* JCCRJ* ME* ZC* O

SFEZOZGC*CUSGOLOMNEL"

./*$%5''>=;,-*$%'$8'5*,-=&.&K'V*-5'&.,').B.)',%/'V,-.;'2$B.;'I.)$V',%/',I$B.'5*,-=&.&',-'-*+.'$8'5*,-=&'8$;+,-*$%

M.;$&*$%N"'7.,@).B.)'/,-,'8;$+':,%.I=-5'.-',)"'M3\\\N

Core Water Cal. age Cal. age Min. duration Sea level Sea level Water cover Water cover
No depth below hiatus above hiatus hiatus below hiatus above hiatus below hiatus above hiatus

[m] [years] BP [years] BP [years] [m] [m] [m] [m]

18409-3 40 9390-9110 6320 2790 -22 -5 18 35

18423-2 97 15140-14400 -100 -3

18408-3 108 15150-14410 -100 8

18389-3 109 14140 -80 29

18391-2 115 11060-10830 8390 2440 -50 -30 65 85

18401-3 134 10780-10650 -40 94

18393-2 156 13790-13520 -70 86

18404-3 169 8440 -10 159

6K= )FCIMHPJFCP

,BC* HCSEJNMJ* EX* MBC* 6NCMLORCJC* +BCGX* OFC* R[GMNXOKCMCHQ* DNMB* KBOLTNLT* HCSEJNMNELOG

CLPNFELRCLMJQ* DBNKB* DCFC* JMFELTGV* NLXG[CLKCH* ZV* MBC* HCTGOKNOG* JCO:GCPCG* FNJC"* (ELKCFLNLT

HCSEJNMNELOG*SFEKCJJCJ*MBC*JBCGX*KOL*ZC*HNPNHCH*NLME*MBFCC*HNXXCFCLM*OFCOJm*MBC*L$;-5.;%'75.)8

NL*MBC*JE[MBCFL*#[GX*EX*,ELYNLQ*MBC*LOFFED*(.%-;,)'75.)8'NL*XFELM*EX*MBC*BNTB:FNJNLT*)LLORNMC

KBONL*OLH*MBC*7$=-5.;%'75.)8*NL*MBC*OFCO*EX*MBC*SOGCE:9CYELT"

,BC*XEGGEDNLT*KELKG[JNELJ*KOL*ZC*HFODLm

•  +CHNRCLMOMNEL*FOMCJ*OFC*BNTBGV*POFNOZGC"* ^N_*%L* MBC*7$=-5.;%'75.)8Q* O* GED*JCHNRCLMOMNEL

FOMC*EX*<*�*!d*KRkYVF*^.<*�*;d*KRkYVF*NL*JBCGMCFCH*OFCOJ_*NJ*EZJCFPCH"*^NN_*,BC*(.%-;,)'&5.)8

JBEDJ*O*PCFV*BNTB*JCHNRCLMOMNEL*FOMC*EX*<d*�*!dd*KRkYVF* ^<dd*�*!ddd*KRkYVF* XEF*JBEFM

SCFNEHJ_*OLH*^NNN_*L$;-5.;%'75.)8'NJ*KBOFOKMCFN\CH*ZV*O*GED*JCHNRCLMOMNEL*FOMC*OFE[LH*!d

KRkYVF"
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•  +ROGG*RE[LMONLE[J* FNPCFJ* OGELT* MBC*KEOJM*EX* KCLMFOG*6NCMLOR*HCGNPCF*B[TC*][OLMNMNCJ*EX

JCHNRCLM"*8CFCQ*DNMB* @d* :* !.d* TkKRzVF* ^EKKOJNELOGGV* @dd* :* !.dd* TkKRzVF_Q* MBC* BNTBCJM

ROJJ*OKK[R[GOMNEL*FOMCJ*NL*MBC*+(+*BOPC*ZCCL*EZJCFPCH*JE*XOF"*,BCJC*POG[CJ*CUKCCH*ROJJ

OKK[R[GOMNEL*FOMCJ*EX*EMBCF*JBCGPCJ*XFER*MBC*+(+*OM*GCOJM*ZV*O*XOKMEF*EX*.*ME*;"

•  ,BC* BNTB*ROJJ* OKK[R[GOMNEL* FOMCJ* EX* @dd* :* !.dd* TkKRzVF* EKK[FFCH* NL* COFGV* 8EGEKCLC

MNRCJ*OLH*OFC*SFEZOZGV*KO[JCH*ZV*CLBOLKCH*CFEJNEL*NL*MBC*)LLORNMC*RE[LMONLJ*H[C*ME

NLMCLJNXNCH*+>:RELJEEL"

•  %L*MBC*7$=-5.;%'75.)8K'MBC*BNTBCJM*XOKNCJ*POFNOZNGNMV*DOJ*XE[LH'H[C*ME*MBC*OZ[LHOLKC*EX

NLKNJCH*POGGCV*JVJMCRJ"

•  ,BC*(CLMFOG*+BCGX*JBEDJ*GED*XOKNCJ*POFNOZNGNMV*H[C*ME*GOKY*EX*NLKNJCH*POGGCVJ"

•  )*KELHCLJCH*JCKMNELkROFNLC* XGEEHNLT* J[FXOKC* NLHNKOMCH*ZV* MBC* OZ[LHOLKC*EX* TGO[KELVQ

EKK[FJ*EL*MBC*-EFMBCFL*+BCGX"

•  2CGNKM* JCHNRCLMJ* OFC* ELGV* EZJCFPOZGC* NL* OFCOJ* EX* GED* JCHNRCLMOMNEL* FOMCQ* N"C"* 7$=-5.;%

75.)8'OLH*L$;-5.;%'75.)8"*8CFCQ* MBC*C][NGNZFN[R*ZCMDCCL*HCSEJNMNEL*OLH*CFEJNEL*KE[GH

LEM*ZC*CJMOZGNJBCHQ*VCM"

•  0[C* ME* MBC* BNTB* MCFFNTCLE[J* NLS[M* XFER* MBC* JROGG* RE[LMONLE[J* FNPCFJ* MBC* HCSEJNMNELOG

C][NGNZFN[R*DOJ*CJMOZGNJBCH*][NKYGV*EL*MBC*(.%-;,)'75.)8"

•  (ERSOFNJEL*EX* JCO:GCPCG* NLHNKOMNELJ*DNMB* MBC* JCO* GCPCG* K[FPC*EX*8OLCZ[MB*CM* OG"* ^.ddd_

JBEDJ* OTFCCRCLM* XEF* 7$=-5.;%' 75.)8' HCSEJNMJ"* 0OMO* SENLMJ* XFER* (.%-;,)' 75.)8* HCSEJNMJ

ZCGED*MBC*8OLCZ[MB:K[FPC*ROV*ZC*KO[JCH*ZV*J[ZJNHCLKC*H[C*ME*BNTB*JCHNRCLM*NLS[M"*'L

KELMFOJMQ* HOMO* SENLMJ* XFER* MBC* L$;-5.;%' 75.)8* OZEPC* MBC* 8OLCZ[MB:K[FPC* OFC* SFEZOZGV

KO[JCH*ZV*MCKMELNK*[SGNXM*NL*MBNJ*FCTNEL"
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= 5EFULCOCIL& OCG& /JPDEJWHDJFC& FT& +LGJQLCDP& FC& DSL& 7JLDCOQLPL& +SLMT8

-CGJIODJFCP&TEFQ&!EOIL&%MLQLCDP&OCG&+E&OCG&*G<-PFDFRLP

=K, -CDEFGHIDJFC

0CMFNMOG*JCHNRCLMJ*EX*MBC*6NCMLORCJC*+BCGX*OFC*HCGNPCFCH*ZV*MDE*EX*MBC*RObEF*+$:)JNOL*FNPCFJ

HFONLNLT*NLME*MBC*+E[MB*(BNLO*+CO*^+(+_Q*MBC*9CYELT*NL*MBC*+E[MB*OLH*MBC*2CH*2NPCF*NL*MBC

-EFMB*OJ*DCGG*OJ*ZV*L[RCFE[J*JROGG*RE[LMONLE[J*FNPCFJ*DBNKB*HFONL*NLME*MBC*+(+*OGELT*MBC

LOFFED*KCLMFOG*SOFM*EX*MBC*6NCMLORCJC*(EOJM*^7NT"*.@_"*(ELKCFLNLT*JCHNRCLM*HNJKBOFTCQ*ZEMB

FNPCFJ* OFC* ORELT* MBC* !d* GOFTCJM* FNPCFJ* EX* MBC*DEFGHQ* KELMFNZ[MNLT* !@d* U* !d@* ^9CYELT_* OLH

!3d*U*!d@* ^2CH*2NPCF_* MELJ*SCF*VCOF*EX*HCMFNMOG* JCHNRCLM* FCJSCKMNPCGV* ^9NGGNROL*OLH*9COHCQ

!`a3_"*+CHNRCLM*HNJKBOFTC*BOJ*LCPCF*ZCCL*CJMNROMCH*XEF*MBC*JROGG*RE[LMONLE[J*FNPCFJ*OGELT

MBC*6NCMLORCJC*(EOJM*Z[M*9NGGNROL*OLH*9COHC* ^!``._* JMOMCH* MBOM* JCHNRCLM*HCGNPCFV* ME* MBC

DEFGHJI*EKCOLJ*ZV*JROGG*RE[LMONLE[J*FNPCFJ*NJ*SFEZOZGV*BNTBGV*[LHCFCJMNROMCH"

>NMB*MBC*MDE*GOFTC*FNPCFJ*HFONLNLT*NLME*MBC*+(+*LCOFZV*ELC*DE[GH*CUSCKM*ROJJ*OKK[R[GOMNEL

FOMCJ* ^9)2_* ME* ZC* BNTBCJM* EL* MBC* JBCGX* NL* XFELM* EX* MBC* FNPCF*RE[MBJ"* 'L* KELMFOJMQ* O* JBOGGED

JCNJRNK*J[FPCV*EL*MBC*6NCMLORCJC*+BCGX*OLH*JCHNRCLMEGETNKOG*NLPCJMNTOMNELJ*EX*KEFC*ROMCFNOG

FCPCOGCH* MBNKYCF*JMOKYJ*EX*8EGEKCLC*JCHNRCLMJ*EL* MBC*LOFFED*(.%-;,)'75.)8' MBOL* NL* XFELM*EX

MBC*FNPCF*RE[MBJ"*,ETCMBCF*DNMB*SFCKNJC*)9+:!;(*OTC*KELMFEGQ*JCHNRCLMOMNEL*FOMCJ*OJ*DCGG*OJ

9)2*BOPC* ZCCL* HCMCFRNLCH* XEF* MBC* 6NCMLORCJC* +BCGX* ^KS"* KBOSMCF* ;_"*9)2* OFC* CUMFCRCGV

BNTB*EL*MBC*LOFFED*KCLMFOG*SOFM*EX*MBC*6NCMLORCJC*+BCGX*DNMB*OL*OPCFOTC*EX*@d*:*!.d*TkKR.VF

OLH*@dd*:*!.dd*TkKR.VF*H[FNLT*SCOY*OKK[R[GOMNEL*OLH*CUKCCH*9)2*XFER*EMBCF*OFCOJ*^9NLQ

KNMCH* NL* >OLTQ* !```_* EX* MBC* +E[MB* (BNLO* +CO* ^+(+_* ZV* O* XOKMEF* EX* .* ME* 3d"* 9)2* NL* MBC

JE[MBCFL*SOFM*EX*MBC*6NCMLORCJC*+BCGX*NL*MBC*OFCO*EXX*MBC*9CYELT*2NPCF*OLH*NL*MBC*LEFMBCFL

SOFM*EX*MBC*6NCMLORCJC*+BCGX*NL*MBC*#[GX*EX*,ELYNL*^JE[MBCFL*SOFM_*OFC*GEDCF*DNMB*OL*OPCFOTC

EX*KO"*!.*TkKR.VF"

,BNJ*KBOSMCF* XEK[JCJ*EL*SFEPCLOLKC* JM[HNCJ*ZOJCH*EL*KBCRNKOG* ^RObEF* OLH* MFOKC*CGCRCLMJ_

OLH* NJEMESNK* KERSEJNMNEL* ^+F* OLH*-H* NJEMESCJ_* EX*8EGEKCLC* JCHNRCLMJ* EL* MBC* 6NCMLORCJC

+BCGX"* 'L* COFGNCF* NLPCJMNTOMNELJQ* MBC* HCKOV* JVJMCROMNKJ* EX* +R:-H* OLH* 2Z:+F* NJEMESC* JVJMCRJ

BOPC* ZCCL* J[KKCJJX[GGV* OSSGNCH* ME* ROFNLC* JCHNRCLMJ* ^#FE[JJCM* CM* OG"Q* !`aaQ* !``ac* -OYONQ

!``3c*8CRRNLT*CM*OG"Q*!``ac*)JOBOFO*CM*OG"Q*!```c*>OGMCF*CM*OG"*.ddd_

=K,K, 5FPPJWML&+FHEILP&FT&!LEEJNLCFHP&+LGJQLCD

0FONLNLT* HNXXCFCLM* JE[FKC* FEKYJQ* MBC* TCEKBCRNKOG* KERSEJNMNEL* EX* MBC* HCMFNMOG* JCHNRCLM

HCSEJNMCH*EL*MBC*6NCMLORCJC*+BCGX*JBE[GH*FCXGCKM*MBC*KERSEJNMNEL*EX*MBC*JE[FKC*OFCO"
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,BC*9CYELT*OFNJCJ*NL*MBC*COJMCFL*,NZCMOL*=GOMCO[*DBNGC*MBC*JE[FKC*EX*MBC*2CH*2NPCF*GNCJ*NL*MBC

1[LLOL* RE[LMONLJ* EX* JE[MBDCJMCFL* (BNLO"* ,BC* JROGG* FNPCFJ* EX* KCLMFOG* 6NCMLOR* HFONL* MBC

)LLORNMC*KBONL*DBNKB*JMFCMKBCJ* NL*LEFMB* JE[MB*CGELTOMNEL*KGEJCGV*OGELT* MBC*KEOJM* ^7NT"*.@Q

7NT"*.A_"

!"#$%(1''D.$?;,15*2,)'8.,-=;.&'$8'-5.'&-=/F',;.,
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!"#$%(3''7-=/F',;.,'V*-5'&25.+,-*2'?.$)$?*2,)'+,1'$8'6*.-+,%',%/'&,+1)*%?')$2,-*$%&

>BNGC* MBC* MDE* GOFTC* FNPCFJ*SFCHERNLOLMGV* HFONL* VE[LT* FEKYJ* MBOM* XEFRCH* NL* FCGOMNEL* ME* MBC

8NROGOVOL* EFETCLVQ* MBC* )LLORNMC* KBONL* DNMB* MBC* ?ELM[R* 9OJJNX* OJ* O* SOFM* EX* NM* ZCOFJ

KELMNLCLMOG*KF[JM*EX*=FCKORZFNOL*OTC*^7NT"*.A_"*,BNJ*NRSGNCJ*O*HNXXCFCLM*NJEMESNK*KERSEJNMNEL*EX

+F*OLH*-H*EX*MBC*FEKYJ*XFER*MBC*JE[FKC*OFCOQ*DBNKB*OFC*CFEHCH*ZV*DCOMBCFNLT*SFEKCJJCJ*OLH

OFC* MFOLJSEFMCH* OJ* J[JSCLHCH* JCHNRCLM* PNO* FNPCFJ"* )CEGNOL* MFOLJSEFM* EX* XNLC* TFONLCH

DCOMBCFNLT* SFEH[KMJ* XFER* EMBCF* FCTNELJ* ROV* SFEPNHC* JCHNRCLM* OJ* DCGG"* ,B[J* MBC* NJEMESNK

KERSEJNMNEL*EX*JCHNRCLMJ*SFEPNHCJ*NLXEFROMNEL*EL*MBC*TCETFOSBNKOG*SFEPCLOLKC*OJ*DCGG*OJ*NMJ

MFOLJSEFM* RCKBOLNJRJ* ^#FE[JJCM* CM* OG"Q* !`aaQ* !``ac* -OYONQ* !``3c* 8CRRNLT* CM* OG"Q* !``ac

)JOBOFO*CM*OG"Q*!```_"*7EF* MBC*DCJMCFL*SOFM*EX* MBC*+(+* MBC*TCLCFOG*HNFCKMNEL*EX* MBC*EKCOLNK

KNFK[GOMNEL*SOMMCFLJ*NJ*XFER*LEFMB*ME*JE[MB*NL*DNLMCF*OLH*JE[MB*ME*LEFMB*NL*J[RRCF*^7NT"*.a_"

=K1 +OQRMLP

+CHNRCLM* JORSGCJ* DCFC* JCGCKMCH* NL* EFHCF* ME* EZMONL* O* FCSFCJCLMOMNPC* HOMOJCM* OGELT* MBC

6NCMLORCJC*KEOJM*^7NT"*.A_"*2CH*2NPCF*JCHNRCLMQ*9CYELT*JCHNRCLM*OLH*J[FXOKC*JCHNRCLM*XFER

JMOMNEL*!a;!;:3*XFER*.!*R*EX*DOMCF*HCSMBQ*KELJNHCFCH*ME*ZC*KERSEJCH*EX*HCMFNM[J*XFER*MBC

)LLORNMC* KBONLQ* DCFC* JCGCKMCH* OJ* SEJJNZGC* CLHRCRZCF* JORSGCJ"* %L* MBC* JBCGXQ* JCHNRCLM
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JMOMNELJ*DCFC*JCGCKMCH*NL*XFELM*EX*MBC*9CYELT*2NPCF*^!a3`!:._Q*OGELT*MBC*6NCMLORCJC*(EOJM*NL

XFELM*EX*MBC*)LLORNMC*KBONL*^!a;d!:3Q*!a;!<:.Q*!a;!@:.Q*!a;d`:3_*OLH*NL*MBC*JE[MBCFL*SOFM

EX* MBC* #[GX* EX* ,ELYNL* ^!a;.3:._* SFEZOZGV* FCKCNPNLT* JCHNRCLM* XFER* MBC* 2CH* 2NPCF"* >OMCF

HCSMBJ*EX*MBC*JORSGNLT*GEKOMNELJ*POFV*ZCMDCCL*3a*OLH*!3;*R*^,OZ"*!d_"*'L*MBC*XEGGEDNLT*MBC

JCHNRCLM*KEFCJ*DNGG*ZC*TFE[SCH*OLH*FCXCFFCH*ME*OJ*%$;-5.;%'2$;.&*^!a;d`:3Q*!a;.3:._Q*2.%-;,)

2$;.&*^!a;!<:.Q*!a;!@:._Q*&$=-5.;%'2$;.*^!a;d!:3_*OLH*#.W$%?'8,%'2$;.*^!a3`!:._"

!"#$%(4''7.,@&=;8,2.'2*;2=),-*$%'1,--.;%&'*%'-5.'7$=-5'(5*%,'7.,"',N'&=++.;K'IN'V*%-.;

+[FXOKC*JCHNRCLM*DOJ*MOYCL*XFER*ZEU*KEFCJ*XFER*MBC*JORC*JMOMNELJ*OJ*MBC*JCHNRCLM*KEFCJ"*,BC

J[FXOKC* JCHNRCLM* NJ* OJJ[RCH* ME* ZC* EX* FCKCLM* OTC"* ,BC* KEFCJ* DCFC* JORSGCH* XEF* JCHNRCLMJ

DBNKB*BOPC*ZCCL*)9+:!;(*HOMCH*SFCPNE[JGV*NL*EFHCF*ME*NLPCJMNTOMC*HCSEJNMJ*EX*GOMC*=GCNJMEKCLC

ME*COFGV*8EGEKCLC*OTC"

)GMBE[TB*MBC*HNJMFNZ[MNEL*EX*+F*NJEMESCJ*NJ*YLEDL*ME*ZC*TFONL*JN\C*HCSCLHCLM* ^0OJKBQ*!`@`c

$NJCLBO[CFQ* !```c* >OGMCF* CM* OG"Q* .ddd_* Z[GY* JCHNRCLM* DOJ* JCGCKMCH* XEF* OLOGVJCJ"* 7EF* -H

NJEMESNK* KERSEJNMNEL* MBNJ* CXXCKM* BOJ* LEM* ZCCL* EZJCFPCH* OLH* -H* NJEMESCJ* KOL* ZC* [JCH* ME

KELJMFONL*JE[FKC*FCTNELJ*^>OGMCF*CM*OG"Q*.ddd_"*0[C*ME*O*GOFTC*HNXXCFCLKC*NL*GCLTMB*EX*MFOLJSEFM

SOMBJQ*CJSCKNOGGV*XEF*MBC*SEJJNZGC*CLHRCRZCF*JCHNRCLMJQ*O*HNXXCFCLKC*NL*TFONL*JN\C*FCJ[GMJ*OJ*O

GETNKOG*KELJC][CLKC"*+CHNRCLMJ*MFOLJSEFMCH*OGG*MBC*DOV*HEDL*MBC*2CH*2NPCF*OLH*MBC*9CYELT

OFC*PCFV*XNLC*TFONLCHQ*DBNGC*MBC*DCOMBCFNLT*SFEH[KMJ*EX*MBC*)LLORNMC*KBONLQ*DNMB*CUMFCRCGV

JBEFM* MFOLJSEFM*DOVJ*OLH*O*BNTB*TFOHNCLM*EX* MBC* FNPCFJ*HFONLNLT* NLME* MBC*+(+Q* OFC*CUMFCRCGV

KEOFJC"*,BC*NLPCJMNTOMCH*JCHNRCLM*KEFCJ*OFC*KGOVCV*ME*JNGMV*R[HJ*DNMB*POFVNLT*SCFKCLMOTCJ*EX

MCFFNTCLE[J*ROMCFNOG*ZCMDCCL*@3*OLH*``*W"
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Core Latitude Longitude Water Depth in age Sr 87Sr/86Sr Nd 143Nd/144Nd εNd(0)

No [°] [°] depth [m] core [cm] [14C years BP] [ppm] [ppm]

Mekong

sediment

9:42.00 N 106:09.00 E surface recent* 79.39 0.722530 27.7 0.512090 -10.7

18414-3

(Annamite

sediment)

15:05.83 N 108:57.78 E 21 surface recent* 113.79 0.722832 26.5 0.511968 -13.1

Red River

sediment

20:04.00 N 106:28.00 E surface recent* 80.94 0.720417 30.9 0.512058 -11.3

18391-2 9:33.91 N 108:49.60 E 115 surface recent* 73.74 0.723252 24.7 0.512097 -10.5

18391-2 220 4900 79.36 0.720606 21.5 0.512036 -11.8

18391-2 290 6500 79.48 0.720295 22.9 0.512013 -12.2

18391-2 332 7955 82.97 0.720770 21.8 0.512047 -11.5

18391-2 360 10040 84.35 0.722979 23.9 0.512017 -12.1
18401-3 12:12.90 N 109:32.09 E 134 surface recent* 77.88 0.727038 28.2 0.512021 -12.0

18401-3 591 9910 76.99 0.722732 22.5 0.512028 -11.9

18415-2 15:04.98 N 109: 00.03 E 38 250 7735 58.93 0.724564 16.2 0.512016 -12.1

18416-2 15:02.23 N 109:08.97 E 66 surface recent* 46.45 0.723097 5.3 0.512029 -11.9

18416-2 490 9820 92.50 0.721481 23.8 0.512012 -12.2

18409-3 15:41.21 N 108:40.79 E 40 surface recent* 65.90 0.730552 30.5 0.512009 -12.3

18409-3 560 8775 67.02 0.725076 26.9 0.511995 -12.5

18423-2 16:16.62 N 108:39.59 E 97 46.5 13030 71.19 0.728150 25.4 0.512019 -12.1

* surface sediments are considered to be of recent age
εNd(0) = [143Nd/144Ndmeas/0.512638 - 1] x 10000 using the CHUR value of Jacobsen and Wasserburg (1980)

=K4 "COMVDJIOM&2LDSFGP

=K4K, 2OXFE&%MLQLCDP

9ObEF* CGCRCLMJ* DCFC* OLOGVJCH* EL* SEDHCFCH* JORSGCJ* NL* MBC* 0CSOFMRCLM* EX* 9OFNLC

4NETCEKBCRNJMFV*OLH*=OGECEKCOLETFOSBV*OM* MBC*/LNPCFJNMV*EX*4FNMNJB*(EG[RZNO* ^6OLKE[PCF_

[JNLT*p27* MCKBLN][CJ*EL* TGOJJ* ZCOHJ"* ,BC* TGOJJ* ZCOHJ* OFC* KOJM* XFER*O*RNUM[FC*EX* d";* T* EX

JORSGC* ROMCFNOG* OLH* O* XG[U* ^+SCKMFEXG[U* !d<Q* KERSEJCH* EX* &N.4;%AQ* &N(%3* OLH* &O.%3_* ZV

BCOMNLT* ME* !!ddg* (* XEF* !<* RNL"* ,BC* OLOGVJCJ* DCFC* KOFFNCH* E[M* EL* O* =BNGNSJ* =>* !;dd

DOPCGCLTMB:HNJSCFJNPC* JC][CLMNOG* O[MEROMNK* JSCKMFERCMCF"* ,BC* KERSGCMC* SFEKCH[FC* NJ

HCJKFNZCH*NL*HCMONG*ZV*(OGPCFM*CM*OG"*^!`a<_"

2CJ[GMJ* DCFC* KEFFCKMCH* XEF* JCO* JOGM* SFCJ[RNLT* O* JOGNLNMV* EX* 3<* SJ[* DNMB* OL* OPCFOTC

KELKCLMFOMNEL*EX*HNJJEGPCH*JOGM"
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=K4K1 +E&OCG&*G&-PFDFRLP&OCG&!EOIL&%MLQLCDP

'L*MBNJ*JM[HV*!@*JORSGCJ*EX*Z[GY*JCHNRCLM*BOPC*ZCCL*NLPCJMNTOMCH*ME*HCMCKM*KBOLTC*EX*JE[FKCJ

H[C* ME* REHNXNCH* JCHNRCLMEGETNKOG* KELHNMNELJ* NLKG[HNLT* EKCOLETFOSVQ* BVHFETFOSBV* OLH

KGNROMC"*+CPCL*JORSGCJ*OFC*XFER*MBC*JCHNRCLM*J[FXOKCQ*FCXGCKMNLT*FCKCLM*KELHNMNELJ*OLH*LNLC

JORSGCJ*XFER*HCCSCF*KEFC*JCKMNELJQ*HOMCH*ME*GOMC*=GCNJMEKCLC*ME*COFGV*8EGEKCLCLC*OTCQ*[JNLT

MBC*)9+:!;(*MCKBLN][C"

,FOKC* CGCRCLM* OLH* NJEMESNK* OLOGVJCJ* DCFC* KOFFNCH* E[M* H[FNLT* MDE* PNJNMJ* OM* +EKXOK

^+E[MBORSMEL* %KCOLETFOSBV* (CLMFCQ* &OFTC* +KOGC* )LOGVMNKOG* 7OKNGNMV_* OM* MBC* +E[MBORSMEL

%KCOLETFOSBV*(CLMFC"

+ORSGC*SFCSOFOMNEL*TCLCFOGGV*XEGGEDCH*MBC*DEFY*EX*4OVEL*CM*OG"*^NL*SFCJJ_"*,BCV*JBEDCH*MBOM

CUKBOLTCOZGC*OLH*KOFZELOMC*XFOKMNELJ*OJ*DCGG*OJ*7C:9L*EUV:BVHFEUNHCJ*BOPC*O*TFCOM*CXXCKM*EL

MBC* FOFC* COFMB* CGCRCLMJ* ^2$$_* OLH* NJEMESNK* JNTLOG"* ,BC* FCREPOG* EX* MBCJC* XFOKMNELJ* PNO

JC][CLMNOG*GCOKBNLT*GCH*ME*O*HCMFNMOG*XFOKMNEL*EX*S[FC*KELMNLCLMOG*EFNTNL"

)SSFEUNROMCGV* .dd*RT* EX* MBC* JCHNRCLM*DCFC* DCNTBCH* NLME* TGOJJ* ZCOYCFJ* DNMB* !d* W* ^PkP_

OKCMNK* OKNH* ME* FCREPC* MBC* KOFZELOMC* OLH* CUKBOLTCOZGC* XFOKMNELJ"* )XMCF* XE[F* BE[FJ* NL* OL

[GMFOJELNK*ZOMBQ*MBC*J[JSCLJNEL*DOJ*FNLJCH*OLH*KCLMFNX[TCH"

!d*RG*EX* O*RNUM[FC*EX*!9*BVHFEUVGORNLC*BVHFEKBGEFNHC* JEG[MNEL* NL*.<*W* ^PkP_* OKCMNK* OKNH

^88_*DCFC*OHHCH*ME*MBC*FCJNH[C*NL*=,7$*ZCOYCFJ*ME*CUMFOKM*NFEL*OLH*ROLTOLCJC*EUNHCJ"*)XMCF

MBFCC*BE[FJ*EL*O*BEMSGOMC*OM*`dg*(*MBC*JEG[MNEL*DOJ*KCLMFNX[TCH*OTONL"

,BC*EFTOLNK*XFOKMNEL*DOJ*FCREPCH*XFER*MBC*FCJNH[C*ZV*OHHNLT*!d*RG*EX*<*W*8.%.*DBNKB*DOJ

GCXM*EL*O* JBOYCF*EPCFLNTBM"*,BC* FCRONLNLT* uHCMFNMOG* XFOKMNELu*DOJ* MFCOMCH*DNMB*.*RG*EX* O][O

FCTNO*ME*FCREPC*SEJJNZGC*LEL:HCMFNMOG*FCRLOLMJ"*7NLOGGV*MBC*HCMFNM[J*DOJ*HNTCJMCH*EL*O*BEMSGOMC

OM* !Adg(* XEF* ;a* BE[FJ* ZV* OHHNLT* O* 87:8(G%;* ^3* RGk.* RG_* RNUM[FC* OLH* J[ZJC][CLMGV

CPOSEFOMCH* ME* HFVLCJJ"* ,E* OPENH* MBC* XEFROMNEL* EX* XG[EFNHCJ* X[FMBCF* !"<* RG* EX* 8(G%;* DCFC

OHHCH"* )XMCF* CPOSEFOMNEL* MBC* JORSGC* DOJ* MOYCL* [S* NL* @* RG* EX* @9* 8(G* OLH* MBC* IREMBCFI

JEG[MNELJ*DCFC* FCOHV* XEF* X[FMBCF* SFEKCJJNLTQ* N"* C"* '(=:9+* OLOGVJCJ* OLH* KBCRNKOG* JCSOFOMNEL

SFNEF*ME*NJEMESC*OLOGVJCJ"

+F* DOJ* NJEGOMCH* XFER* MBC* IREMBCFI* JEG[MNEL* [JNLT* KEG[RLJ* XNGGCH* DNMB* +F* FCJNL* ^+F* JSCKQ

$N(BFER*'LH[JMFNCJ* 'LK"* 'GGNLENJQ*/+)_"*=FNEF* ME* MBC* JCSOFOMNEL*EX*-HQ* MBC*2$$*DCFC* NJEGOMCH

XFER*MBC*RObEF*CGCRCLMJ*ZV*KOMNEL*CUKBOLTCQ*[JNLT*KOMNEL*CUKBOLTC* FCJNL*0EDCU*<d>:pa

^.dd:;dd_* RCJBQ* 8w* XEFR* ^J[SSGNCH* ZV* 9CFKY* &MH_* GEOHCH* ELME* JROGG* SEGVSFESVGCLC

KEG[RLJ"*-H*DOJ*JCSOFOMCH*XFER*MBC*2$$*[JNLT*80$8=:KEOMCH*MCXGEL*SEDHCF*KEG[RLJ"

+F*OLH*-H*NJEMESCJ*DCFC*RCOJ[FCH*DNMB*O*JCPCL:KEGGCKMEF*6#:9NKFEROJJ*+CKMEF*<;*MBCFROG

NELN\OMNEL*ROJJ*JSCKMFERCMCF*DNMB*OL*CUMCFLOG*SFCKNJNEL*EX*wk:!;SSR*^.*J"H"_*XEF*a@+Fkaa+F*OLH

wk:*aSSR*^.*J"H"_*XEF*!;3-Hk!;;-H"*,BC*FCJ[GMNLT*ε-H*CFFEF*NJ*NL*MBC*FOLTC*EX*d"!*[LNMJ"
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'JEMESC*FOMNEJ*DCFC*LEFROGNJCH*ME*a@+Fkaa+F*r*d"!!`;*OLH*!;@-Hk!;;-H*r*d"A.!`"*,BC*OLOGVJNJ

EX*MBC*JMOLHOFHJ*-4+*+29*`aA*OLH*5-HN*FCM[FLCH*O*aA+Fka@+F*EX*d"A!d.;3*x*A*^.*J"H"_*OLH*O
!;3-Hk!;;-H*EX*d"<!.!d`*x*<*^.*J"H"_Q*FCJSCKMNPCGV"

)LOGVJCJ*EX*MBC*2$$*DCFC*SCFXEFRCH*ZV*NLH[KMNPCGV*KE[SGCH*SGOJRO*ROJJ*JSCKMFERCMFV*^'(=:

9+_*[JNLT*O*6#*$GCRCLMOG*=GOJROh[OH*.w*^CUMCFLOG*OKK[FOKV*<W*^.*J"H"_Q*NLMCFLOG*SFCKNJNEL

ZCMMCF*MBOL*3W*^.*J"H"_*^4OFFOM*OLH*-CJZNMMQ*!``@_"

=K4K4 )MOV&2JCLEOMP

(GOV* RNLCFOGJ* JBED* KCFMONL* OJJCRZGOTCJ* NL* HCSCLHCLKC* EX* MBC* KERSEJNMNEL* EX* MBC* JE[FKC

FEKYJ*OLH*MFOLJSEFM*RCHNO*^#NLTCGC*CM*OG"Q*.dd!_"*+RCKMNMCQ*NGGNMCQ*KBGEFNMC*OLH*YOEGNLNMC*NL*MBC

JM[HV*OFCO*OFC*RONLGV*HCGNPCFCH*ZV*FNPCFJQ*DBNGC*OECGNOL*MFOLJSEFM*KELMFNZ[MCJ*O*GCJJ*JNTLNXNKOLM

ORE[LM*EX*H[JM* ME* MBC* JCHNRCLM* KEG[RL* ^0[KC*CM* OG"*!``!_"*6OFNOMNELJ* NL* JE[FKC* OLHQ* ME* O

GCJJCF*CUMCLMQ*NL*KGNROMCQ*KOL*ZC*EZMONLCH*ZV*MBC*NLPCJMNTOMNEL*EX*FCKCLM*OLH*COFGV*8EGEKCLC

JORSGCJ* XEF* MBCNF* KGOV* RNLCFOG* HNJMFNZ[MNEL"* ,BC* FCGOMNPC* OZ[LHOLKC* EX* KGOV* RNLCFOGJ* NJ* O

X[LKMNEL*EX*MBCNF*JE[FKC*FEKYJ*OLH*MFOLJSEFM*SFEKCJJCJ"*>BNGC*MBC*DCOMBCFNLT*SFEKCJJCJ*EX*MBC

PEGKOLNK*NJGOLH*OFK*EX*'LHELCJNO*NJ*GNYCGV*ME*SFEH[KC*JRCKMNMC*^#NLTCGC*CM*OG"*.dd!_Q*MBC*RONL

SFEH[KM*EX*SBVJNKOG*DCOMBCFNLT* NL* MBC*8NROGOVOJ* OFC* NGGNMC* OLH*KBGEFNMC* ^(EGNL* CM* OG"* !```_"

(EGNL*CM*OG"*^!```_*BOPC*[JCH*MBC*JRCKMNMCk^'GGNMCwKBGEFNMC_*FOMNE*OJ*O*SFEUV*EX*MBC*NLMCLJNMV*EX

KBCRNKOG*DCOMBCFNLT*NL*+>*)JNO"

=FCSOFOMNEL* SFEKCH[FCJ* TCLCFOGGV* XEGGEDCH* MBC* RCMBEHJ* EX* 8EGM\OSXXCG* ^!`a<_"* ,BC* Z[GY

JCHNRCLM*JORSGC*DOJ*J[JSCLHCH*NL*HCRNLCFOGNJCH*DOMCF*EL*O*JMNFFNLT*SGOMC*OLH*HCKOFZELOMCH

ZV*OHHNLT*d".-*8(G"*,BC*S8*DOJ*KELMNL[E[JGV*KELMFEGGCH*H[FNLT*MBNJ*SFEKCJJ"*)KNH*FCJNH[C

DOJ* DOJBCH* E[M* OLH* OL* OGN][EM* EX* MBC* q.oR* XFOKMNEL* DOJ* JCSOFOMCH* ZV* JCMMGNLT* RCMBEH

OKKEFHNLT*ME*+MEYCIJ*GOD*^MFOLJXEFRCH*OXMCF*8EM\OSXXCGQ*!`a<_m

M*r*!`d*U*pkH.

>BCFCOJ* M*r*JCMMGNLT* MNRC* sRNLtQ*p*r*HCSMB*EX* JCMMGNLT*SOFMNKGCJ* sKRt*OLH*H*r*HNORCMCF*EX

JCMMGNLT*SOFMNKGCJ*soRt

,BC* XNGMCF* MFOLJXCF* RCMBEH* ^9EEFC* OLH* 2CVLEGHJQ* !`a`_* DOJ* [JCH* ME* TCLCFOMC* EFNCLMCH

JORSGCJ* ZV* J[KYNLT* OL* OGN][EM* MBFE[TB* KCGG[GEJC* LNMFOMC* XNGMCFJ* ^d".* oR* SEFC* DNHMB_"* )XMCF

HFVNLT*OM*<dg(*MBC*JORSGC*DOJ*MFOLJXCFFCH*EL*OL*OG[RNLN[R*JGNHC*OLH*RCOJ[FCH*EL*O*=BNGNSJ

=>*!A!d*p:FOV*HNXXFOKMERCMCF*DNMB*([:?α*FOHNOMNEL*OLH*O[MEROMNK*HNPCFTCLKC*JGNM"*p20*JKOLJ

DCFC*SCFXEFRCH*DNMB*O*JMCS*DNHMB*EX*d"d!g*.ΘkJ*NL*O*FOLTC*EX*.*:*;dg*. Θ*EL*ZEMBQ*[LMFCOMCH

OLH*TGVKEGOMCH*^EPCFLNTBM*OM*@dg(_*JORSGCJ"
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=COY* OFCOJ* DCFC* KOGK[GOMCH* OXMCF* ROL[OG* ZOJCGNLC* KEFFCKMNEL* [JNLT* MBC* 9OK0NXX* JEXMDOFCQ

PCFJNEL*;"."<*^=CMJKBNYQ*.ddd_*OXMCF*MBC*MCKBLN][CJ*EX*4NJKOVC*^!`@;Q*!`@<_"

=K6 +LGJQLCDFMFNJIOM&(EOQL]FE_

7NT"* .`* JBEDJ* MBC* JOLH* OLH* JNGMwKGOV* HNJMFNZ[MNELQ* )9+:!;(* OTC* OLH* MCFFNTCLE[J* ROJJ

OKK[R[GOMNEL*FOMC*^9)2_*EX*KEFCJ*!a3`!:.Q*!a;d!:3Q*!a;!@:.*OLH*!a;d`:3Q*EX*DBNKB*J[FXOKC

OLH*HEDLKEFC*JORSGCJ*BOPC*ZCCL*OLOGV\CH"*,BC*JOLH*OLH*JNGMwKGOV*KELMCLM*EX*CLHRCRZCF

JORSGCJ*OLH*JORSGCJ*!a;!<:.*OLH*!a;.3:.*DNMB*)9+:!;(*OTC*OFC*OJ*DCGG*HCSNKMCH*NL*7NT"*.`"

,BC*JMFOMNTFOSBV*EX*9CYELT* XOL*KEFC*!a3`!:.* NJ*ZOJCH*EL* XNPC*)9+*FOHNEKOFZEL*HOMNLTJ"* 'M

JBEDJ*O*BNTB* JOLH*KELMCLM* NL* MBC* FOLTC*EX*Ad*W* NL* MBC*[SSCF*SOFM* OLH*O*9)2*OFE[LH*;d

TkKRzYVF*JGNTBMGV*NLKFCOJNLT*[SKEFC"

!"#$% (5'' ($%-.%-' $8' &,%/' ,%/' &*)-' c' 2),F' V*-5' E#7@!<(' ,?.&' ,%/' -.;;*?.%$=&' +,&&' ,22=+=),-*$%' ;,-.&' $8' -5.

&./*+.%-'2$;.&"'L$-.'-5,-'#.W$%?'&./*+.%-'2$%&*&-&'$8'-5.'+,%=,))F'&.1,;,-./'&*)-',%/'2),F'8;,2-*$%
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(EFC*!a;d!:3*BOJ*O*FCGOMNPCGV*KELJMOLM*TFOL[GERCMFNK*HNJMFNZ[MNEL*EX*.d*ME*;d*W*JOLH*OLH*O

9)2*EX*KO"*@d*TkKRzYVF*NL*MBC*GEDCF*SOFM*OLH*KO*!dd*TkKRzYVF*NL*MBC*[SSCF*SOFM*EX*MBC*KEFC"

,BC*KEFC*NJ*HOMCH*ZV*MDE*)9+:!;(*RCOJ[FCRCLMJ"

,BC*JOLH*KELMCLM*EX*KEFC*!a;!@:.Q*DBNKB*DOJ*HOMCH*EL*MDE*JORSGCJ*DNMB*)9+:!;(Q*JBEDJ*OL

CUMFCRCGV*BNTB*POFNOZNGNMV*ZCMDCCL*!*W*NL*MBC*GEDCF*OLH*`<*W*NL*MBC*[SSCFREJM*SOFM*EX*MBC

KEFC"*7EF* MBC* GEDCF*SOFM*O*9)2*EX*KO"*@dd*TkKRzYVF*BOJ*ZCCL*HCMCFRNLCH*DBNGC* MBC*[SSCF

SOFM*ZOFCGV*FCM[FLJ*!.*TkKRzYVFQ*SFEZOZGV*H[C*ME*JCHNRCLM*FCJ[JSCLJNEL"

'L*KEFC*!a;d`:3*MBC*TFOL[GERCMFNK*HNJMFNZ[MNEL*NJ*HERNLOMCH*ZV*JNGM*OLH*KGOV*DNMB*KO*<*W*JOLH

KELMCLM*EL*MBC*OPCFOTC*OLH*ELC*JNLTGC*HOMO*SENLM*EX*KO*3d*W*NL*MBC*GEDCF*SOFM"*,BFCC*)9+:!;(

HOMNLTJ*J[SSEFM* MBC*JMFOMNTFOSBNK*KELKCSM*OLH*MBC*9)2*GNCJ* NL*MBC*FOLTC*EX*!dd*TkKRzYVF* NL

MBC*GEDCF*OLH*!;d*TkKRzYVF*NL*MBC*[SSCF*SOFM*EX*MBC*KEFC"*,BC*GED*POG[CJ*NL*MBC*GEDCFREJM

KEFC*JCKMNEL*OFC*OMMFNZ[MOZGC*ME*O*BNOM[J*ZCMDCCL*MBC*MBC*MDE*HOMNLTJ"

,BC* MDE* JORSGCJ* EX* KEFC* !a;!<:.* OLH* !a;.3:.* OFC* SGEMMCH* JCSOFOMCGV"* ,BCV* JBED* O

HERNLOLKC*EX*@d*W*JOLH*OLH*KO"*ad*W*JNGMwKGOVQ*FCJSCKMNPCGV*OLH*BOPC*ZEMB*ZCCL*HOMCH*ZV

)9+:!;("*,BC*FNPCF*JORSGCJ*JBED*!ddW*JNGMwKGOV*XEF*MBC*9CYELT*JORSGCJ"*8CFC*MBC*XFOKMNEL

q@3*oR*DOJ*JCSOFOMCH*ROL[OGGV*SFNEF* ME* X[FMBCF*SFEKCJJNLT*H[C* ME*O*BNTB*JOLH*KELMCLM* ME

CLJ[FC* RCOJ[FCRCLM* EX* O* JNTLOG* XFER* REFC* HNJMOLM* FCTNELJ"* 2CH* 2NPCF* OLH* )LLORNMC

JCHNRCLMJ*KELMONL*OZE[M*aA*W*OLH*<d*W*JOLH"

,BC*TFOL[GERCMFNK*KERSEJNMNEL*NJ*FCXGCKMCH*ZV*MBC*FOMNEJ*EX*7C.%3k+N%.*OLH*)G.%3k+N%.*SGEMMCH

NL*7NT"*3d*DNMB*NLKFCOJNLT*FOMNEJ*NL*MBC*XNLCF*JORSGCJ"

=K= .LPHMDP

=K=K, 2OXFE&%MLQLCD&.LPHMDP

2CJ[GMJ*EX*MBC*RObEF*CGCRCLMJ*OLOGVJCJ*OFC*GNJMCH*NL*,OZ"*!!"*&EJJ*EL*NTLNMNEL*POFNCJ*ZCMDCCL

!!* OLH* .@*W"* +ORSGCJ*DNMB* O* BNTB* KELKCLMFOMNEL* NL* (O%* OFC* MVSNKOGGV* MBEJC* DNMB* O* BNTB

KOFZELOMC*KELMCLM"*7[FMBCFREFCQ*MBC*BNTBCJM*)G.%3*KELKCLMFOMNELJ*EKK[F*NL*KGOV*FNKB*JORSGCJ

OLH* KEFFCJSELHNLTGV* MBC* BNTBCJM* +N%.* KELKCLMFOMNELJ* NL* MBC* KEOFJCF:TFONLCH* JNGNKNKGOJMNK

JORSGCJ"
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Endmember Endmember Endmember Mekong core
Sample Mekong Annamite Red River 18391 18391 18391 18391 18391

sediment sediment sediment surface 220 cm 290 cm 332 cm 360 cm

SiO2 61.41 75.46 84.41 64.99 75 71.63 68.03 65.7
Al2O3 18.23 10.3 7.32 9.08 7.49 7.79 8.91 13.55
CaO 0.5 1.89 0.88 6.88 5.05 5.39 7.05 6.93
Fe2O3(tot) 6.99 3.79 3.62 3.6 3.06 3.2 3.61 5.15
K2O 2.55 2.87 1.79 2.42 2.16 2.1 2.28 2.94
MgO 1.75 1.62 1.02 1.75 1.42 1.63 1.69 2.47
Mn3O4(tot) 0.172 0.085 0.066 0.106 0.05 0.052 0.056 0.08
Na2O 2.03 5.35 2.83 5.79 3.43 4.35 4.69 5.5
TiO2 0.93 0.58 0.71 0.51 0.53 0.56 0.59 0.75
P2O5 0.144 0.089 0.081 0.088 0.067 0.08 0.083 0.112
Total 94.71 102.03 102.73 95.21 98.26 96.78 96.99 103.18
LOI (%) 28.4 11.03 22.5 17.98 13.93 14.78 16.83 18.30

Sc  45 30.4 16.0 20.6 17.9 17.1 19.6 18.5 24.3
Co  59 8.40 4.26 4.57 5.15 4.30 4.36 5.41 7.25
Rb  85 171 136 97 145 117 115 130 173
Sr  86 79.4 113.8 80.9 73.7 79.4 79.5 83.0 84.4
Y   89 24.3 17.3 18.9 16.0 17.1 17.4 19.1 19.5
Zr  91 187 150 121 142 187 182 179 167
Nb  93 15.3 9.9 14.8 11.6 11.2 13.6 5.7 16.1
Cs 133 16.6 4.7 4.1 7.3 4.9 5.1 6.2 10.6
Ba 135 405 587 326 402 379 366 385 427
La 139 41.2 37.0 44.0 33.0 30.8 31.7 30.9 34.7
Ce 140 75.2 70.2 85.7 63.2 58.1 60.6 57.8 62.8
Pr 141 7.57 7.00 8.40 6.52 5.75 6.04 5.85 6.43
Nd 146 27.7 26.5 30.9 24.7 21.5 22.9 21.8 23.9
Sm 147 4.26 4.35 5.09 4.02 3.62 3.90 3.83 4.16
Eu 151 0.91 0.75 0.85 0.76 0.63 0.67 0.71 0.75
Gd 157 3.50 3.63 3.71 2.80 2.62 2.90 2.71 2.95
Tb 159 0.57 0.54 0.53 0.45 0.46 0.47 0.48 0.49
Dy 163 3.80 2.92 3.11 2.64 2.59 2.62 2.85 2.86
Ho 165 0.70 0.50 0.55 0.48 0.51 0.54 0.59 0.61
Er 167 2.45 1.60 1.80 1.58 1.62 1.68 1.81 1.89
Tm 169 0.35 0.20 0.24 0.21 0.21 0.23 0.25 0.26
Yb 174 2.49 1.53 1.69 1.61 1.66 1.67 1.96 1.97
Lu 175 0.33 0.20 0.20 0.21 0.21 0.22 0.25 0.26
Hf 178 4.80 4.13 3.16 3.72 4.88 4.62 4.72 4.29
Ta 181 4.42 3.66 4.73 3.83 3.72 3.71 1.63 5.57
Pb 208 12.0 13.1 9.63 10.8 9.92 9.74 9.38 10.4
Th 232 14.6 17.5 11.9 12.3 11.7 9.3 11.3 13.6
U  238 2.82 2.95 1.95 2.09 2.14 1.88 2.31 2.37
La/Th 2.83 2.11 3.70 2.68 2.63 3.42 2.74 2.56
Nd/Yb 11.1 17.3 18.3 15.4 13.0 13.8 11.2 12.1
Th/Nd 0.53 0.66 0.38 0.50 0.54 0.40 0.52 0.57
Eu/Eu* 1.11 0.89 0.92 1.07 0.97 0.93 1.04 1.01
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southern core central cores northern cores
Sample 18401 18401 18416 18416 18415 18409 18409 18423

surface 591 cm surface 490 cm 250 cm surface 560 cm 46.5 cm

SiO2 61.33 61.05 62.09 68.13 77.22 61.58 68.32 59.59
Al2O3 16.55 10.4 2.92 12.9 9.08 14.45 13.4 16.77
CaO 4.91 9.13 16.39 2.3 1.64 1.62 1.24 2.46
Fe2O3(tot) 5.94 4.3 1.67 4.66 4 5.58 4.98 6.21
K2O 2.93 2.22 1.18 2.71 2.22 2.69 2.72 3.28
MgO 2.69 1.98 1.43 2.04 1.35 2.23 1.8 2.31
Mn3O4(tot) 0.169 0.072 0.067 0.087 0.054 0.148 0.083 0.075
Na2O 7.26 3.28 3.85 5.37 3.88 6.1 7.73 3.17
TiO2 0.82 0.6 0.17 0.77 0.55 0.78 0.83 0.8
P2O5 0.139 0.092 0.064 0.11 0.062 0.114 0.084 0.091
Total 102.74 93.12 89.83 99.08 100.06 95.29 101.19 94.76
LOI (%) 18.43 19.88 23.45 14.23 12.68 16.70 15.08 16.40

Sc  45 28.1 22.6 5.39 26.1 17.6 27.7 24.9 28.1
Co  59 7.90 5.93 1.29 5.24 4.23 6.76 4.72 8.80
Rb  85 199 144 69 142 114 189 147 197
Sr  86 77.9 77.0 46.5 92.5 58.9 65.9 67.0 71.2
Y   89 22.4 18.7 4.22 20.8 12.9 24.5 22.5 23.8
Zr  91 175 181 40 177 126 184 193 186
Nb  93 17.7 13.9 3.2 15.5 11.2 17.3 15.2 17.4
Cs 133 13.2 8.3 2.0 8.7 5.8 12.4 10.0 14.8
Ba 135 466 384 306 416 374 446 390 469
La 139 39.9 31.6 7.3 32.1 22.6 42.6 37.0 36.6
Ce 140 69.9 57.5 12.7 59.8 42.1 76.4 67.7 65.5
Pr 141 7.34 5.86 1.37 6.04 4.29 7.84 6.87 6.67
Nd 146 28.2 22.5 5.3 23.8 16.2 30.5 26.9 25.4
Sm 147 4.65 3.76 0.84 3.94 2.82 4.99 4.30 4.23
Eu 151 0.83 0.64 0.21 0.72 0.49 0.80 0.72 0.78
Gd 157 3.37 2.98 0.69 3.24 2.10 3.90 3.52 3.22
Tb 159 0.56 0.49 0.11 0.52 0.36 0.63 0.57 0.59
Dy 163 3.29 2.85 0.64 3.09 2.01 3.70 3.34 3.42
Ho 165 0.73 0.63 0.15 0.66 0.43 0.78 0.72 0.78
Er 167 2.21 1.81 0.41 1.97 1.25 2.32 2.20 2.35
Tm 169 0.31 0.25 0.06 0.28 0.17 0.32 0.31 0.32
Yb 174 2.25 1.86 0.43 1.97 1.30 2.34 2.15 2.44
Lu 175 0.33 0.27 0.06 0.31 0.18 0.37 0.35 0.34
Hf 178 4.43 4.60 1.06 4.30 3.27 4.51 4.75 4.57
Ta 181 6.01 4.11 1.90 4.64 3.78 5.81 4.93 5.60
Pb 208 13.9 10.5 7.54 9.32 9.95 14.3 9.80 12.2
Th 232 17.2 12.9 3.6 10.5 8.5 17.3 12.8 15.6
U  238 3.07 2.21 0.58 2.04 1.60 3.11 2.50 2.66
La/Th 2.32 2.45 1.99 3.05 2.66 2.46 2.88 2.35
Nd/Yb 12.5 12.1 12.3 12.0 12.5 13.0 12.5 10.4
Th/Nd 0.61 0.57 0.69 0.44 0.53 0.57 0.48 0.61
Eu/Eu* 0.99 0.90 1.32 0.95 0.95 0.86 0.87 0.99

)*GNLCOF*SGEM*EX*7C.%3k+N%.*PCFJ[J*)G.%3k+N%.*JBEDJ*MBC*CXXCKM*EX*RNLCFOGETNKOG*JEFMNLT*^7NT"

3d_"*,BC*HNJMFNZ[MNEL*SOMMCFL*EX*JCHNRCLM*JORSGCJ*JBEDJ*MBOM*XNLCF*JCHNRCLMJ*OFC*CLFNKBCH*NL

)G*OLH*7C*OLH*HCSGCMCH*NL*+N*DBNGC*MBC*KEOFJCF*JCHNRCLMJ*JBED*KELMFOJMNLT*KERSEJNMNELJ*^7NT"

3!_"* ,BNJ* JVJMCROMNK* FCGOMNELJBNS* KEFFCJSELHJ* ME* JEFMNLT* EX* RNLCFOGJ* H[FNLT* MFOLJSEFM* DNMB

KGOVJ*NL*MBC*XNLC*TFONLCH*XFOKMNEL*OLH*][OFM\*NL*MBC*KEOFJC*TFONL*XFOKMNEL"
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!"#$%)6''#*%.;,)$?*2,)'&$;-*%?'*%/*2,-./'IF'R.3J9T7*J3'B.;&=&'E)3J9T7*J3"'(5*%.&.')$.&&'*&'&5$V%'8$;'2$+1,;*&$%

!"#$%)&''P%;*25+.%-'$8'8*%.;'&./*+.%-&'*%'E)3J9',%/'R.3J9',%/'/.1).-*$%'*%'7*J3

=K=K1 !EOIL&%MLQLCD&.LPHMDP

,BC*KELKCLMFOMNELJ*EX*MFOKC*CGCRCLMJ*EX*MBC*NLPCJMNTOMCH*JORSGCJ*KOL*ZC*XE[LH*NL*^,OZ"*!!_"

,BC* SFEPCLOLKC* EX* O* KGOJMNK* JCHNRCLM* NJ* FCXGCKMCH* ZV* MBC* KERSEJNMNEL* EX* MBC* FOFC* COFMB

CGCRCLMJ* ^7GCCMQ* !`a;c*9K&CLLOLQ* !`a`_"* )* SGEM* EX* MBC* 2$$* LEFROGN\CH* ZV* SEJM* )FKBOCOL
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OPCFOTC*)[JMFOGNOL*JBOGC*^=))+c*9K&CLLOLQ*!`a`_*JBEDJ*JNTLNXNKOLM*HNXXCFCLKCJ*ZCMDCCL*MBC

MBFCC*FNPCF*JCHNRCLMJ*^7NT"*3.O_"*>BNGC*2CH*2NPCF*JCHNRCLM*NJ*JMFELTGV*CLFNKBCH*NL*GNTBM*FOFC

COFMB* CGCRCLMJ* ^&2$$_Q* )LLORNMC* KBONL* JCHNRCLM* JBEDJ* O* JGNTBM* CLFNKBRCLM* EX* &2$$* OLH

9CYELT*JCHNRCLM*JBEDJ*O*XGOM*SOMMCFL*XEF*BCOPV*FOFC*COFMB*CGCRCLMJ* ^82$$_"*2$$*SOMCFLJ*EX

J[FXOKC*JCHNRCLMJ*XFER*MBC*+E[MB*(BNLO*+CO*OFC*SFCJCLMCH*NL*7NT"*3."*)GG*J[FXOKC*JORSGCJ*OFC

CLFNKBCH* NL* &2$$Q* DBCFCOJ* MBC* LEFMBCFL* J[FXOKC* JORSGC* JBEDJ* MBC* BNTBCJM* CLFNKBRCLM"

)HHNMNELOGGV*O*LCTOMNPC*$[*OLEROGV*NJ*SFCJCLM* NL*MBNJ*JORSGC"*,BC*J[FXOKC*JORSGC*EX*JMOMNEL

!a;!@*BOJ*PCFV*GED*KELKCLMFOMNELJ*EX*2$$**OLH*SGEMJ*ZCGED*MBC*GNRNMJ*EX*MBC*SGEMMNLT*OFCO"

!"#$%)(''M,N'7,+1).TSEE7'$8';,;.'.,;-5'.).+.%-&'$8'-5.'.%/+.+I.;&'C./'C*B.;'&./*+.%-'M;./NK'E%%,+*-.'&./*+.%-

MI)=.N',%/'#.W$%?'&./*+.%-'M?;..%NK'MIN'7,+1).TSEE7'$8';,;.'.,;-5'.).+.%-&'$8'&=;8,2.'&./*+.%-&"'L$;+,)*U*%?

B,)=.&'8;$+'#2A.%%,%'M!Z^ZN

=K=K4 -PFDFRJI&.LPHMDP

+MFELMN[R* OLH* -H* NJEMESNK* HOMO* EX* Z[GY* JCHNRCLMJQ* MFCOMCH* OJ* HCJKFNZCH* NL* MBC* OLOGVMNKOG

JCKMNELQ* OFC* SFCJCLMCH* NL* ,OZ"* !d* OLH* 7NT"* 33"* ,BC* JORSGCJ* XFER* MBC* FNPCFJ* JBED* KGCOF

HNXXCFCLKCJ*NL*NJEMESNK*KERSEJNMNEL"*,BC*9CYELT*OLH*2CH*2NPCF*HCMFNM[J*BOPC*ε-H* *POG[CJ*EX

:!d"A*OLH* :!!"3Q* FCJSCKMNPCGVQ*DBCFCOJ*)LLORNMC* JCHNRCLM* JBEDJ*O*POG[C*EX* :!3"!"* aA+Fka@+F

FOMNEJ*EX*MBC*2CH*2NPCF*JCHNRCLM*OFC*DNMB*d"A.d*GEDCF*MBOL*MBEJC*XFER*MBC*9CYELT*OLH*MBC

)LLORNMC*KBONL*DNMB*d"A.3"*-H*NJEMESNK*HOMO*EX*MBC*JCHNRCLM*JMOMNELJ*EL*MBC*JBCGX*TCLCFOGGV

GNC*ZCMDCCL*MBC*FNPCF*POG[CJ*DNMB*ε-H*FOLTNLT*XFER*:!d"<*ME*:!."<"*aA+Fka@+F*FOMNEJ*JBED*GOFTCF

POFNOMNELJ*DNMB*POG[CJ*ZCMDCCL*d"A.d*OLH*d"A3dQ*DBCFC*MBC*BNTBCF*POG[CJ*OFC*KELXNLCH*ME*MBC

%$;-5.;%'2$;.&'!a;d`:3*OLH*!a;.3:."
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!"#$%))''7,+1).')$2,-*$%&'V*-5'εL/'B,)=.&',%/''^`7;T^X7;'*&$-$1*2';,-*$&'8$;'&=;8,2.'&,+1).&

2$2$)$& G/9;</,%H/<"/9"+=I

,BC*-H*NJEMESNK*POG[C*EX*MBC*J[FXOKC*JORSGC*XFER*MBC*#.W$%?'2$;.*DNMB*OL*ε-H*EX*:!d"<*SGEMJ

KGEJC*ME*MBC*9CYELT*JCHNRCLM*^ε-H* :!d"3_"*7$=-5.;%*OLH*2.%-;,)'2$;.&*HNJSGOV*POG[CJ*OFE[LH

:!."d* GVNLT* ZCMDCCL* MBC* SEJJNZGC* CLHRCRZCF* POG[CJ* EX* 9CYELT* OLH* )LLORNMC* JCHNRCLM"

>NMB*:!."<*%$;-5.;%'2$;.&'JBED*MBC*GEDCJM*KEFC*POG[CJQ*GVNLT*ZCMDCCL*MBEJC*EX*)LLORNMC*OLH

2CH*2NPCF*CLHRCRZCFJ"*,BC*aA+Fka@+F*FOMNEJ*TCLCFOGGV*KELXNFR*MBC*FCJ[GMJ*XFER*MBC*KEFC*HOMOQ

DBCFCOJ*JERC*POG[CJ*OFC*BNTBCF*MBOL*OLV*RCOJ[FCH*XEF*MBC*SEJJNZGC*CLHRCRZCF*JCHNRCLMJ"
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2$2$)$( J+K=L+<;%M/<"/9"+=I

7EF* %$;-5.;%' OLH* 2.%-;,)' 2$;.&' O* MFCLH* MEDOFHJ* REFC* LCTOMNPC* ε-H* POG[CJ* HEDLKEFC* NJ

EZJCFPOZGC*^,OZ"*!d_"*+ORSGCJ*EX*COFGV*8EGEKCLC*OTC*BOPC*ε-H*POG[CJ*DBNKB*OFC*:d".*OLH*:d"3

ε:[LNMJ* GEDCF* MBOL* MBC* KEFFCJSELHNLT* J[FXOKC* JORSGCJ* EX* %$;-5.;%* OLH* 2.%-;,)' 2$;.&Q

FCJSCKMNPCGV"

,BC*#.W$%?'2$;.'JBEDJ*O*HCKFCOJC*XFER*:!d"<*NL*MBC*J[FXOKC*JORSGC*ME*:!.".*OM*.`d*KR*DNMB

OL*OTC*EX*@<dd*)9+:!;(*VCOFJ*4="*,BNJ*NJ*XEGGEDCH*ZV*O*J[ZJC][CLM*NLKFCOJC*ME*:!!"<*OM*A`<<

)9+:!;(*VCOFJ*4=*OLH*O*X[FMBCF*HCKFCOJC*ME*:!."!*OM*!dd;d*)9+:!;(*VCOFJ*4="

'L*KELMFOJM*ME*MBC*TCLCFOG*HCKFCOJC*EX*ε-H*POG[CJ*NL*MBC*GOMMCF*KEFCJQ*MBC*&$=-5.;%'2$;.'JBEDJ

LE* KBOLTCJ"* ,BC* RCOJ[FCH* POG[CJ* OFCQ* DNMB* :!."d* HCMCFRNLCH* XEF* MBC* J[FXOKC* JORSGC* OLH

:!!"`*XEF*JCHNRCLM*XFER*<`d*KR*^HOMCH*ME*``!d*)9+:!;(*VCOFJ*4=_Q*DNMBNL*MBC*CFFEF*FOLTC"
aA+Fka@+F*FOMNEJ*OFC*HNJSCFJC*OLH*O*KEFFCGOMNEL*DNMB*MBC*FCJ[GMJ*EX*MBC*-H*NJEMESNK*OLOGVJCJ*KOL

ELGV*ZC*EZJCFPCH*NL*MBC*&$=-5.;%'2$;."*#FONL*JN\C*HCSCLHCLKC*EX*MBC*JORSGCJ*NJ*EZPNE[J*XFER

7NT"*3!"*7NLC*TFONLCH*JORSGCJ*JBED*O*REFC*FOHNETCLNK*aA+Fka@+F*FOMNE*MBOL*MBC*KEOFJC*TFONLCH

ELCJ"

=K=K6 )MOV&2JCLEOMFNV&.LPHMDP

2$2$0$& G/9;</,%M/<"/9"+=I

,BC* KGOV* RNLCFOGETNKOG* KERSEJNMNEL* JBEDJ* POFNOMNELJ* XFER* LEFMB* ME* JE[MB* ^7NT"* 3;_"

(ELJNHCFNLT*MBC*GOFTC*[LKCFMONLMV*EX*MBC*OLOGVMNKOG*RCMBEHQ*FCJ[GMJ*BOPC*ZCCL*FE[LHCH*ME*<*W

NLMCFPOGJ*^,OZ"*!._"*,BC*REJM*OZ[LHOLM*KGOV*RNLCFOG* NL*OGG*JORSGCJ*NJ* NGGNMC*DNMB*SCFKCLMOTCJ

ZCMDCCL*;d*OL*A<*W"*>BNGC*NGGNMC*KELMCLM*NJ*BNTBCJM*NL*MBC*2CH*2NPCF*JORSGC*DNMB*A<*WQ*OGG

EMBCF*JORSGCJ*JBED*POG[CJ*GEDCF*MBOL*<<*W"*,BC*GEDCJM*NGGNMC*KELMCLM*^;d*W_*DOJ*EZJCFPCH*NL

KEFC*!a;!@:.Q*DBNKB* GNCJ* NL* MBC*HNFCKM* NLXG[CLKC*EX* MBC*)LLORNMC* KBONL"* +RCKMNMC* KELMCLMJ

POFV*ZCMDCCL*d*OLH*.d*W*DNMB*MBC*GEDCJM*POG[C*NL*2CH*2NPCF*JCHNRCLM*OLH*MBC*BNTBCJM*POG[C

NL*KEFC*!a;!@:."*?OEGNLNMC* KELMCLM* JBEDJ*LEM*R[KB*POFNOMNEL*DNMB*POG[CJ*ZCMDCCL*.d*OLH

3d*W* ^)LLORNMC* JCHNRCLM* 3d*W_* OLH* ELC* GEDCF* POG[C* EX* !d* W* RCOJ[FCH* EL* 2CH* 2NPCF

JCHNRCLM"* (BGEFNMC* KELMCLM* FOLTCJ* XFER* !<* ME* .<* W* DNMB* MBC* GEDCJM* POG[C* NL* 2CH* 2NPCF

JCHNRCLM* OLH* MBC* BNTBCJM* NL*9CYELT* XOL* JCHNRCLM"*0[C* ME* NLJ[XXNKNCLM* JORSGC* ROMCFNOGQ* O

9CYELT* 2NPCF* JORSGC* KE[GH* LEM* ZC* RCOJ[FCH* OLH* O* POG[C* XEF* MBC* 9CYELT* OFCO* XFER* MBC

GNMCFOM[FC*^(BCLQ*!`Aa_*NJ*SFCJCLMCH*XEF*FCXCFCLKC"
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./*$%&(''(),F'+*%.;,)'2$+1$&*-*$%',%/'&+.2-*-.TM*))*-.c25)$;*-.N';,-*$'$8'6*.-%,+.&.'75.)8'&./*+.%-&

Core Depth in core Smectite Illite Kaolinite Chlorite Smectite/(Illite+Chlorite)
No [cm] [%] [%] [%] [%] [%]

Mekong area* surface 10 47 20 23 0.14
18414-0 0 4 46 30 20 0.05

RRB surface 1 75 8 16 0.01

18391-2 0 2 50 24 25 0.02
18391-2 220 7 48 24 20 0.10
18391-2 290 9 48 22 21 0.14
18391-2 332 21 38 20 21 0.35
18391-2 360 9 51 21 20 0.13
18401-3 591 13 44 21 23 0.20
18404-3 0 8 46 24 22 0.12
18416-2 0 20 38 25 18 0.35
18416-2 490 10 51 21 18 0.14
18409-3 0 5 56 22 17 0.07
18409-3 560 8 51 27 14 0.12
18423-2 46.5 10 50 21 19 0.14
18426-2 0 4 46 26 23 0.06

all samples glycolated, *Mekong area composition taken from Chen (1978)

!"#$%)0''(),F'+*%.;,)'/*&-;*I=-*$%'*%'&=;8,2.'&./*+.%-&'8;$+'-5.'6*.-%,+.&.'75.)8'8;$+'%$;-5'-$'&$=-5

2$2$0$( J+K=L+<;%M/<"/9"+=I

6OFNOMNELJ* NL*KGOV*RNLCFOGETV* NL*KEFC*!a3`!:.*OFC*KELXNLCH* ME*O*BNTBCF*JRCKMNMC*POG[C* NL*O

KEFC*HCSMB*EX*33.*KR"*)GG*EMBCF*KGOV*RNLCFOGJ*JBED*LE*KBOLTCJ*NL*HNJMFNZ[MNEL*^7NT"*3<_"*'GGNMCQ

YOEGNLNMC* OLH* KBGEFNMC* KELMCLMJ* OFC* NL* MBC* FOLTC* EX* <d* WQ* .d* W* OLH* .d* WQ* FCJSCKMNPCGV"

+RCKMNMC*KELMCLM*NJ*GEDCF*MBOL*!d*W*DNMB*ELC*E[MGNCF*EX*.d*W"*,BC*JRCKMNMCk^NGGNMCwKBGEFNMC_

0 25 50 75 100
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FOMNEQ*DBNKB* NJ*[JCH*OJ*O*SFEUV*EX* MBC* NLMCLJNMV*EX* KBCRNKOG*DCOMBCFNLTQ* JBEDJ*OL* NLKFCOJC

HEDLKEFCQ*DNMB*MBC*BNTBCJM*POG[C*NL*KEFC*HCSMB*EX*33.*KR"

!"#$%)2''(),F'+*%.;,)'/*&-;*I=-*$%'*%'2$;.'!^9Z!@3',%/'&+.2-*-.TM*))*-.c25)$;*-.N';,-*$

=K> /JPIHPPJFC

=K>K, 5FDLCDJOM&+FHEILP&FT&!LEEJNLCFHP&+LGJQLCD&FC&DSL&7JLDCOQLPL&+SLMT

+E[FKC*FCTNELJ*XEF* MCFFNTCLE[J*JCHNRCLM*EL*MBC*6NCMLORCJC*+BCGX*OFC*MBC*HFONLOTC*ZOJNLJ*EX

MBC*FNPCFJ*HFONLNLT*NLME*MBC*+E[MB*(BNLO*+CO*OGELT*MBC*6NCMLORCJC*KEOJMQ*LORCGV*MBC*9CYELTQ

MBC*2CH*2NPCFQ* OLH* MBC*L[RCFE[J* JROGG*RE[LMONLE[J* FNPCFJ"*>BNGC*9CYELT*OLH*2CH*2NPCF

HFONL* SFCHERNLOLMGV* FCTNELJ* EX* 9CJE\ENK* ME* (CLE\ENK* OTC* XEFRCH* NL* MBC* KE[FJC* EX* MBC

8NROGOVOL*%FETCLVQ*MBC*JROGG*RE[LMONLE[J*FNPCFJ*HFONL*MBC*)LLORNMC*KBONLQ*DBNKB*KELMONLJ

KF[JMOG*CGCRCLMJ*EX*=FCKORZFNOL*OTC*^7ELMONLC*OLH*>EFYROLQ*!``Ac*&OL*CM*OG"Q*.dddc*-OTV*CM

OG"Q*.dd!_"*)CEGNOL*J[SSGV*NJ*O*X[FMBCF*SEMCLMNOG*JE[FKC*XEF*HCMFNMOG*JCHNRCLM*OJ*DCGG*OJ*JROGG

FNPCFJ*LEFMB*EX*MBC*)LLORNMC*KBONLQ*SOFMGV*HFONLNLT*OFCOJ*DNMB*BNTBCF*HNXXCFCLMNOMCH*FEKYJ"*,BC

NJEMESNK*FCJ[GMJ*EX*aA+Fka@+F*PCFJ[J*ε-H*OFC*SFCJCLMCH*NL*7NT"*3@"*ε-H*POG[CJ*EX*6NCMLORCJC*+BCGX

JCHNRCLMJ*SGEM*ZCMDCCL*MBC*POG[CJ*EX*MBC*SEJJNZGC*CLHRCRZCF*FNPCF*JCHNRCLMJQ*DBNGC*aA+Fka@+F

0 25 50 75 100

[%]
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NJEMESNK*HOMO*OFC*NL*SOFM*BNTBCF*MBOL*MBEJC*EX*FNPCF*JCHNRCLMJ"*)J*JBEDL*NL*7NT"*3AQ*MBC*TFONL

JN\C*HCSCLHCLKC*EX*+F* NJEMESCJ*ROV*ZC*FCJSELJNZGC*XEF* MBNJ*OLH*BNTB*aA+Fka@+F*FOMNEJ*ROV*ZC

H[C*ME*BNTB*KGOV*KELMCLMJ*EX*MBC*JORSGCJ"*7NT"*3A*JBEDJ*O*SEJNMNPC*KEFFCGOMNEL*EX*)G.%3k+N%.

DNMB*aA+Fka@+FQ*DBCFCOJ*MBC*)G.%3k+N%.*FOMNE*FCSFCJCLMJ*MBC*TFONL*JN\C*EX*MBC*JORSGC*DNMB*BNTB

POG[CJ* XEF* KGOVJ* ^BNTB* )G.%3Q* GED* +N%._* OLH* GED* POG[CJ* XEF* JOLH* ^GED* )G.%3Q* BNTB* +N%._"

+ORSGC*!a;!@:.* ^d*KR_* JBEDJ*[L[J[OG*POG[CJ* ^GEDCJM*)G.%3k+N%._*H[C* ME*O*PCFV*BNTB*JOLH

KELMCLM"*6OFNE[J*ORE[LMJ*EX*ROFNLC*KOFZELOMC*NL*MBC*JORSGCJ*DBNKB*BOPC*SEJJNZGV*LEM*ZCCL

FCREPCH*KERSGCMCGV*H[FNLT*JORSGC*SFCSOFOMNEL*ROV*ZC*FCJSELJNZGC*XEF*[L[J[OG*FCJ[GMJ"*4[M

FCTOFHNLT* BNTB* aA+Fka@+F* FOMNEJ* EX* MBC* JORSGCJ* ^aA+Fka@+F* r* d"A.d* :* d"A3d_* KERSOFCH* ME* MBC

JCODOMCF*POG[C*^aA+Fka@+F*r*d"Ad`_Q*OL*NLXG[CLKC*EX*EMBCF*JE[FKCJ*JCCRJ*REFC*SFEZOZGC"

)LEMBCF* SEJJNZGC* JE[FKC* XEF* BNTBCF* aA+Fka@+F* FOMNEJ* MBOL* MBC* MBFCC* SEJJNZGC* CLHRCRZCF

JCHNRCLMJ*OFC*TLCNJJCJ*OLH*GC[KETFOLNMCJ*XFER*LEFMBCFL*6NCMLOR*^eBOLT*OLH*+KBfFCFQ*!```_

EF*(BNLCJC*GECJJ*^5OBL*CM*OG"Q*.dd!_"*,BC*IKE[LMFV*TLCNJJCJI*HCJKFNZCH*ZV*eBOLT*OLH*+KBfFCF

^!```_* OJ*BNTBCF*HNXXCFCLMNOMCH* FEKYJQ* OFC* OZ[LHOLM* OGELT* MBC*)NGOE*+BOL* :*2CH*2NPCF* JBCOF

ZCGM*NL*LEFMBCFL*6NCMLOR*OLH*SEJJNZGV*NLXG[CLKCH*MBC*JORSGCJ*EX*MBC*LEFMBCFL*KEFCJ"*,BC*2$$

SOMMCFL* EX* MBC* JCHNRCLMJ* XFER* MBC* LEFMBCFL* KEFCJ* J[SSEFMJ* BNTBCF* HNXXCFCLMNOMCH* FEKYJ* OJ

JE[FKC* ZCKO[JC* MBC* &2$$* OFC* CLFNKBCH* ^7NT"* 3.Z_* OLH* MBC* LEFMBCFL* KEFC* !a;d`:3* JBEDJ* O

LCTOMNPC*$[*OLEROGV*DNMB*POG[CJ*EX*d"a@*OLH*d"aA*^,OZ"*!!_"

!"#$%)1''7;',%/'L/'*&$-$1*2'2$+1$&*-*$%'$8'-5.'*%B.&-*?,-./'&./*+.%-&
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a.

$[*OLEROGNCJ*OFC*OGJE*SFCJCLM*NL*TLCNJJCJ*OLH*GC[KETFOLNMCJ*XFER*LEFMBCFL*6NCMLOR"*7[FMBCF

JE[FKCJ* KE[GH* ZC* TFOLNMCJ* OLH* TFOLEHNEFNMCJ* EX* KCLMFOG* 6NCMLOR* ^-OTV* CM* OG"Q* .ddd_* DBNKB

JBED*JNRNGOF*2$$*SOMMCFJ"*,BC*FCGOMNPCGV*XGOM*2$$*SOMMCFLQ*EZJCFPCH*NL*9CYELT*JCHNRCLM*^7NT"

3._*OLH* MBC*9CYELT* XOL*KEFC*KOL*ZC*CUSGONLCH*ZV*JORSGNLT*EX*O*PCFV* GOFTC*HFONLOTC*ZOJNL

OFCO* DNMB* ROLV* HNXXCFCLM* SEMCLMNOG* JE[FKCJQ* FCJ[GMNLT* NL* J[KB* O* XGOM* 2$$* SOMMCFL* JNRNGOF* ME

OPCFOTC* KELMNLCLMOG* KF[JM* ^KS"*#EGHJMCNL* OLH* 5OKEZJCLQ* !`aa_"* 7[FMBCFREFCQ* ε-H:POG[CJ* OLH
aA+Fka@+F*EX*9CYELT*JCHNRCLM*SGEMJ*KGEJC*ME*MBC*OPCFOTC*JNTLOM[FC*EX*KBNLCJC* GECJJ* ^7NT"*3@_Q

DBNKB*JBE[GH*OJ*DCGG*SEJJCJJ*OL*OPCFOTC*KELMNLCLMOG*KF[JM*JNTLOG"*,BC* NLXG[CLKC*EX*KBNLCJC

GECJJ*DNMB*OL*OPCFOTC*aA+Fka@+F*EX*KO"*d"A!<*ME*d"A!a*OLH*ε-H*FOLTNLT*OFE[LH*:!d*KE[GH*ZNOJ

MBC*NJEMESNK*JNTLOG*EX*MBC*NLPCJMNTOMCH*JCHNRCLM*MEDOFHJ*MBC*[SSCF*GCXM*KEFLCF*EX*7NT"*3@*^5OBL

CM"*OGQ*.dd!_"

!"#$%)3''S$&*-*B.'-;.%/'$8'E)3J9T7*J3'B.;&=&'^`7;T^X7;K'*%/*2,-*%?'?;,*%'&*U.'/.1.%/.%2.'$8'7;'*&$-$1*2'2$+1$&*-*$%

)CEGNOL* JCHNRCLMJ* ROV* KELMFNZ[MC* O* KELJNHCFOZGC* ORE[LM* EX* MBC* ROMCFNOG* NL* +(+* HCSEJNMJ

^>NCJLCF* CM* OGQ* !``@_"* )* H[JM* XG[U* ^RNLCFOG* OCFEJEGJ_* EX* !* TkKR.YVF* BOJ* ZCCL* CJMNROMCH* ZV

0[KC*CM*OG"*^!``!_"*7EF*MBC*JM[HV*OFCO*MBC*REJM*SFEZOZGC*JE[FKC*EX*OCEGNOL*JCHNRCLM*NJ*COJMCFL

)JNO*DNMB*MBC*(BNLCJC*GECJJ*SGOMCO[*^0[KC*CM*OG"Q*!``!c*2COQ*!``;c*)JOBOFO*CM*OG"c*!```c*5OBL

CM"* OGQ* .dd!_"* ,BC* TCEKBCRNKOG* JNTLOM[FC* EX* (BNLCJC* GECJJ* ^5OBL* CM"* OGQ* .dd!_* OJ* O

FCSFCJCLMOMNPC*JE[FKC*XEF*OCEGNOL*JCHNRCLM*NJ*JBEDL*NL*7NT"*3@*OLH*7NT"*3a"*'L*ZEMB*HNOTFORJ

GECJJ*SGEMJ*NL*MBC*PNKNLNMV*EX*MBC*9CYELT*CLHRCRZCF*OLH*DE[GH*ZNOJ*MBC*TCEKBCRNKOG*JNTLOG
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a3

EX* MBC* OLOGV\CH* JORSGCJ* MEDOFHJ* MBNJ* POG[C"* 0[C* ME* MBC* FCGOMNPC* KEOFJCLCJJ* OLH* GED* KGOV

KELMCLM*EX*JERC*JORSGCJ*^7NT"*.`_*MBC*NLXG[CLKC*EX*OCEGNOL*H[JM*NL*MBCJC*JORSGCJ*NJ*GED"

(ERSOFCH*ME*MBC*ROJJ*OKK[R[GOMNEL*FOMCJ*HCMCFRNLCH*XEF*MBC*JORSGCJ*EX*MBNJ*JM[HVQ*DBNKB*OFC

NL*MBC*FOLTC*EX*.d*ME*@dd*TkKR.YVF*MBC*NLXG[CLKC*EX*MBC*][OLMNMV*TNPCL*ZV*0[KC*CM*OG"*^.dd!_

JCCRJ*LCTGNTNZGC"*8EDCPCFQ*JCHNRCLM*JMOMNELJ*EL*MBC*6NCMLORCJC*+BCGX*DNMB*RNLNR[R*9)2

EX*@*ME*!.*TkKR.YVF*^KS"*KBOSMCF*;_*KE[GH*KELMONL*[S*ME*!@*W*EX*OCEGNOL*H[JM"

'L*O*-Hk1Z*PCFJ[J*&Ok,B*HNOTFOR*REJM*JCHNRCLM*JORSGCJ*XFER*MBC*JBCGX*GNC*KGEJC*ME*O*RNUNLT

GNLC*ZCMDCCL*9CYELT*OLH*)LLORNMC*JCHNRCLMJ*^7NT"*3a_Q*J[TTCJMNLT*RNUNLT*EX*JCHNRCLM*XFER

MBC*MDE*SEJJNZGC*CLHRCRZCFJ"*,BC*2CH*2NPCF*JCHNRCLM*GNCJ*OJNHC*MBC*TCLCFOG*MFCLH*OLH*BOJ

ELGV*RNLEF*NLXG[CLKC*EL*MBC*JCHNRCLMJ*NL*MBC*JM[HV*OFCO"*9NUNLT*KOGK[GOMNELJ*NLHNKOMC*MBOM*[S

ME*;d*W*EX* MBC* NLPCJMNTOMCH* HCSEJNMJ*DCFC* HCGNPCFCH* XFER* MBC*)LLORNMC*RE[LMONLJ"*>BNGC

J[FXOKC* JORSGCJ* EX* LEFMBCFLQ* KCLMFOG* OLH* JE[MBCFL* KEFCJ* NLHNKOMC* O* JMFELT* NLXG[CLKC* EX

)LLORNMC*JCHNRCLMQ*MBC*J[FXOKC*JORSGC*EX*MBC*9CYELT*XOL*KEFC*GNCJ*LCOFGV*KELTF[CLM*DNMB*MBC

9CYELT*FNPCF*JCHNRCLM"

!"#$% )4''>*&2;*+*%,-*$%' /*,?;,+' 8$;' 6*.-%,+.&.' 75.)8' &./*+.%-&' =&*%?' L/TdI' B.;&=&' A,T45"' L$-.' -5,-' -5.' C./

C*B.;'.%/+.+I.;')*.&'8,;',V,F'8;$+'-5.'2$+1$&*-*$%'$8'-5.'$-5.;'&./*+.%-&"'4*2W'+,;W&'&5$V'!\'e'*%2;.+.%-&

8EDCPCFQ* GEEYNLT* OM* SEMCLMNOG* RNUNLT* EX* JCHNRCLMJ* EL* MBC* ZOJNJ* EX* -H* NJEMESCJQ* O* ,Bk-H

PCFJ[J*ε-H*HNOTFOR*JBEDJ*O*JMFELTCF*NLXG[CLKC*EX*MBC*)LLORNMC*CLHRCRZCF*NL*MBC*JCHNRCLMJ

XFER*MBC*JM[HV*OFCO*^7NT"*;d_"*+[FXOKC*JCHNRCLMJ*EX* MBC*LEFMBCFLQ*KCLMFOG*OLH*JE[MBCFL*KEFCJ
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a;

KELMONL* [S* ME* @d* W* EX* JCHNRCLM* DNMB* )LLORNMC* JNTLOG"* )TONL* MBC* J[FXOKC* JORSGC* EX* MBC

9CYELT*XOL*KEFC*SGEMJ*PCFV*KGEJC*ME*MBC*9CYELT*CLHRCRZCFQ*NRSGVNLT*O*KERSEJNMNEL*JNRNGOF

ME* SFCJCLM:HOV* 9CYELT* JCHNRCLMQ* DBNGC* EGHCF* JCHNRCLMJ* NLHNKOMC* O* JMFELTCF* NLXG[CLKC* EX

)LLORNMC*JCHNRCLM"

+CHNRCLMJ*EX*MBC*)LLORNMC*KBONL*OFC*LEM*ELGV*MFOLJSEFMCH*NL*COJMDOFH*HNFCKMNEL*HNFCKMGV*NLME

MBC*+E[MB*(BNLO*+COQ*Z[M*OGJE*NL*DCJMDOFH*HNFCKMNEL*NLME*MBC*9CYELT*^7NT"*.@_"*+CHNRCLM*EX

MBC*9CYELT*RE[MB* JBE[GH* MB[J*ZC*SOFMGV* KERSEJCH*EX* JCHNRCLM*DNMB*)LLORNMC* JNTLOM[FC"

7NT"*3`* NLHNKOMCJ*RNUNLT*EX*[SSCF*9CYELT*JCHNRCLM*DNMB*)LLORNMC*JCHNRCLM* FCJ[GMNLT* NL*O

JNTLOG* XEF* 9CYELT* IRE[MBI* JCHNRCLM* ^9CYELT* FNPCF* JCHNRCLM_* ZCMDCCL* MBC* MDE* GOMMCF

KERSEJNMNELJ"*,BC*RNUNLT*GNLC*NLHNKOMCJ*MBOM*9CYELT*IRE[MBI*JCHNRCLM*KELMONLJ*ZCMDCCL*3d

OLH*;d*W*EX*)LLORNMC*JCHNRCLM"*,BC*JGNTBM*HCPNOMNEL*EX*9CYELT*RE[MB*JCHNRCLM* XFER*MBC

NHCOG* RNUNLT* GNLC* ZCMDCCL* [SSCF* 9CYELT* JCHNRCLM* OLH* )LLORNMC* JCHNRCLM* KE[GH* ZC

OMMFNZ[MCH*ME*MBC*NLXG[CLKC*EX*EMBCF*JE[FKCJ*NL*MBC*GEDCF*KE[FJC*EX*MBC*9CYELT"

!"#$%)5''εL/'B.;&=&'7+TL/'/*,?;,+K' *%/*2,-*%?'+*Q*%?'$8'E%%,+*-.'&./*+.%-'V*-5'=11.;'#.W$%?'&./*+.%-"'4*2W

+,;W&'*%/*2,-.'!\'e'*%2;.+.%-&

,BC* KERSEJNMNEL* EX* KGOV* RNLCFOGJ* TCLCFOGGV* J[SSEFMJ* MBC* OZEPC* JMOMCH* SFEPCLOLKC

NLHNKOMNELJ"*'GGNMCQ*MBC*RONL*SFEH[KM*EX*SBVJNKOG*DCOMBCFNLTQ*FCSFCJCLMJ*MBC*GOFTCJM*SOFM*EX*MBC

KGOV*RNLCFOGJ"*,BC*BNTBCJM* NGGNMC*KELMCLM*EX*A<*W* NL*2CH*2NPCF* JCHNRCLM* NJ* OMMFNZ[MOZGC* ME* O

JBEFM* MFOLJSEFM* SOMB* OLH* MB[JQ* DNMB* GNRNMCH* JENG* FCJNHCLKC* MNRC* GNMMGC* J[ZJC][CLM* KBCRNKOG

DCOMBCFNLT*EX*NGGNMCQ*RNFFEFCH*NL*OGREJM*LEL:CUNJMCLM*JRCKMNMC*KELMCLM"*,BC*2CH*2NPCF*JORSGC

NJ* MBC*ELGV* JORSGC*DNMB*OL* NGGNMC* KELMCLM*BNTBCF* MBOL*<<*W"*,BC* GEDCF* NGGNMC* KELMCLM* EX* MBC

9CYELT*OFCO*JORSGC*^MOYCL*XFER*(BCLQ*!`Aa_*OLH*MBC*9CYELT*XOL*KEFC*^!a3`!:._Q*KE[GH*ZC
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a<

CUSGONLCH*ZV*MBC*R[KB*GELTCF*MFOLJSEFM*DOVJ*OLH*MB[J*CLBOLKCH*DCOMBCFNLT*XFER*8NROGOVOL

RNLCFOGJ*OLH**NGGNMC*ME*YOEGNLNMC*OLH*JRCKMNMC"

(EFC*!a;!@:.Q*DBNKB*NJ*LCNTBZE[FNLT*MBC*)LLORNMC*JCHNRCLM*JORSGC*OLH*NL*HNFCKM*NLXG[CLKC

EX* MBC* )LLORNMC* KBONLQ* JBEDJ* DNMB* .<* W* MBC* BNTBCJM* JRCKMNMC* POG[CJ* NL* MBC* JM[HV* OFCO"

=FEZOZGVQ*DCOMBCFNLT*EX*TFOLEHNEFNMNK*OLH*ZOJOGMNK*XEFROMNELJ*DNMBNL*MBC*)LLORNMC*RE[LMONLJ

NJ*FCJSELJNZGC*XEF* MBNJ"*0CTFOHOMNEL*XFER*NGGNMC*JCCRJ*[LGNYCGV*JNLKC*JENG* FCJNHCLKC* MNRCJ*OFC

MEE*JBEFM*H[C*ME*MBC*BNTB*TFOHNCLM*EX*MBC*BNLMCFGOLH"

#CLCFOGGVQ*MBC*BNTB*NGGNMC*KELMCLM*EX*6NCMLORCJC*+BCGX*JORSGCJ*KOL*ZC*NLMCFSFCMCH*OJ*O*FCJ[GM*EX

SFNROFNGV*SBVJNKOG*DCOMBCFNLTQ*CNMBCF*NL*MBC*8NROGOVOL*EF*NL*MBC*)LLORNMC*RE[LMONLJ"

!"#$%06''>*&2;*+*%,-*$%'/*,?;,+'8$;'6*.-%,+.&.'75.)8'&./*+.%-&'=&*%?'45TL/'B.;&=&'εL/"

=K>K1 )FQRFPJDJFC&FT&2L_FCN&+LGJQLCD

)SSFEUNROMCGV*!3*W*^!dd*ddd*YR._*EX*MBC*KOMKBRCLM*OFCO*EX*MBC*9CYELT*2NPCF*GNC*NL*MBC*OFCO

EX* MBC*)LLORNMC* KBONL"*>NMB*BNTB*SFCKNSNMOMNEL* FOMCJ* EL* MBC*DCJMCFL* JNHC* EX* MBC*)LLORNMC

RE[LMONLJQ* MBNJ*OFCO*KELMFNZ[MCJ*OZE[M*.<*W*EX* MBC* MEMOG*OLL[OG*DOMCF* XGED*EX* MBC*9CYELT

2NPCF*^=OLM[G[Q*!`a@c*7CHFO*CM*OG"Q*!``!_"*,BC*JMCCS*FNJNLT*RE[LMONLJ*EX*MBC*)LLORNMC*KBONL

DNMB*O*KOMKBRCLM*OFCO**KELMFNZ[MNLT*ME*MBC*9CYELT*2NPCF*BOPC*OL*OLL[OG*JCHNRCLM*VNCGH*EX

OZE[M* !ddd* MkYR.* ^RNLNR[R* POG[Cc* +BOFROQ* .ddd_"* ,B[JQ* MBCV* SFEPNHC* GOFTC* ORE[LMJ* EX

)LLORNMC*JCHNRCLM*ME*MBC*9CYELT*2NPCFQ*DBNKB*KE[GH*ZNOJ* MBC*TCEKBCRNKOG*JNTLOG* MEDOFHJ

MBC*)LLORNMC*CLHRCRZCF* JNTLOG"*(OGK[GOMNLT* MBC* JCHNRCLM* GEOH* XEF*)LLORNMC* FNPCFJ*DNMB*O
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a@

KOMKBRCLM*OFCO*EX*!dd*ddd*YR.*OLH*O*JCHNRCLM*VNCGH*EX*!ddd*MkYR.VF*FCJ[GMJ*NL*O*POG[C*EX*!dd

U* !d@* MkVF"* ,BNJ* ORE[LM* EX* JCHNRCLM* NJ* KELMFNZ[MCH* ZV* MBC* )LLORNMC* FNPCFJ* HFONLNLT* NL

DCJMDOFH*HNFCKMNEL*NLME*MBC*9CYELT"*,BC*9CYELT*DNMB*O*MEMOG*KOMKBRCLM*OFCO*EX*KO"*A`d*ddd

YR.* OLH* O* MEMOG* JCHNRCLM* VNCGH* EX* .dd* MkYR.kVF* HCGNPCFJ* OSSFEUNROMCGV* !@d* U* !d@* MkVF* EX

JCHNRCLM*ME*MBC*+(+*^9NGGNROL*OLH*9COHCQ*!`a3_"*,B[J*MBC*ORE[LM*EX*JCHNRCLM*HCGNPCFCH*ME

MBC*+E[MB*(BNLO*+CO*ZV* MBC*9CYELT* NJ*JMFELTGV* NLXG[CLKCH*ZV*JCHNRCLM* XFER*MBC*)LLORNMC

RE[LMONLJ"* %X* KE[FJC* HCSEJNMNEL* EX* JCHNRCLM* NL* XGEEHNLT* OFCOJ* OGELT* MBC* KE[FJC* EX* MBC

9CYELT*BOJ*ME*ZC*OJJ[RCHQ*JE*MBOM*MBC*FCOG*NLXG[CLKC*EX*)LLORNMC*JCHNRCLM*EL*MBC*9CYELT

Z[HTCM*NJ*SFEZOZGV*GEDCF"

!"#$%0&''#$/*8*./'+*Q*%?')*%.'I.-V..%'E%%,+*-.'.%/+.+I.;'&./*+.%-',%/'=11.;'#.W$%?'.%/+.+I.;'&./*+.%-

=&*%?'-5.'εL/@B,)=.'$8'D$)/&-.*%'.-',)"'M!Z^<N"'4*2W'+,;W&',;.'!\'e'*%2;.+.%-&

ε-H*POG[CJ*XEF*9CYELT*JCHNRCLM*XFER*(ORZEHNO*JBED*O*POG[C*EX*:*`"<*^#EGHJMCNL*CM*OG"Q*!`a;_

FCXCFFCH* BCFC* OJ* [SSCF* 9CYELT* CLHRCRZCF"* ,BC* ε-H* XEF* 9CYELT* FNPCF* RE[MB* JCHNRCLM

HCMCFRNLCH*NL*MBNJ*JM[HV*NJ*:!d"A"*,BC*LCTOMNPC*JBNXM*EX*!".*ε:[LNMJ*KE[GH*ZC*CUSGONLCH*ZV*OL

NLXG[CLKC*EX*)LLORNMC*2NPCFJ*DNMB*OL*CLHRCRZCF*ε-H:POG[C*EX* :!3"!"*)JJ[RNLT*ELGV*3<*W

^KERSOFCH*ME*REFC*MBOL*<d*W*EL*MBC*ZOJC*EX*MBC*KOGK[GOMNELJ*OZEPC_*EX*)LLORNMC*JCHNRCLM

OJ*KELMFNZ[MEF*XEF*MBC*MEMOG*9CYELT*JCHNRCLM*GEOHQ*DE[GH*FCJ[GM*NL*OL*ε-H:POG[C*EX*:!d"AQ*OJ*NM

DOJ*RCOJ[FCH* XEF*9CYELT*HCGMO* JCHNRCLM"*)J* JBEDL* NL* 7NT"* 3`Q*RNUNLT* EX* [SSCF*9CYELT
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aA

JCHNRCLM*DNMB*)LLORNMC*JCHNRCLM*KOL*ZC*OJJ[RCH*OLH*MB[J*NM*KOL*ZC*KELKG[HCH*MBOM*OZE[M

ELC*MBNFH*EX*MBC*MEMOG*9CYELT*JCHNRCLM*GEOH*NJ*KERSEJCH*EX*)LLORNMC*JCHNRCLMJ"

)JJ[RNLT*MBC*[SSCF*9CYELT*JCHNRCLM*DNMB*OL*ε-H*EX*:`"<*^#EGHJMCNL*CM*OG"Q*!`a;_*OJ*MBC*IMF[CI

9CYELT*CLHRCRZCF*GCOHJ*ME*O*LCD*RNUNLT*GNLC*NL*7NT"*;d*OLH*MBC*JCHNRCLMOFV*KERSEJNMNEL

EX* MBC* JORSGCJ* ZCMDCCL* MBC* )LLORNMC* OLH* MBC*9CYELT* CLHRCRZCF* DE[GH* JBNXM* FCGOMNPCGV

MEDOFHJ*MBC*)LLORNMC*CLHRCRZCF*^7NT"*;!_"*0[C*ME*O*GOKY*EX*HOMO*MBC*,Bk-H*FOMNE*BOJ*ZCCL

OHESMCH* XFER* MBC*9CYELT* IRE[MBI* JCHNRCLM* OLH*RNUNLT*EX* I[SSCFI*9CYELT* JCHNRCLM*DNMB

)LLORNMC*JCHNRCLM*BOJ*ZCCL*JBEDL*NL*O*+Rk-H*PCFJ[J*ε-H*SGEM*NL*^7NT"*3`_"*%L*MBC*OPCFOTC

MBC*JCHNRCLMJ*XFER*MBC*LEFMBCFLQ*KCLMFOG*OLH*JE[MBCFL*KEFCJ*OFC*KERSEJCH*EX*OM*GCOJM*Ad*W

)LLORNMC*JCHNRCLMQ*ZOJCH*MBC*OZEPC*KOGK[GOMNELJ"*+CHNRCLMJ*XFER*MBC*9CYELT*XOL*KEFC*JBED

O*JMFELTCF*9CYELT*NLXG[CLKC*OLH*DNGG*ZC*HNJK[JJCH*NL*MBC*XEGGEDNLT*SOFM"

=K>K4 !LQRFEOM&7OEJODJFCP&OCG&5FPPJWML&)MJQODJI&(MHIDHODJFCP&GHEJCN&DSL&3FMFILCL

)J*KOL*ZC*JCCL*NL*7NT"*3a*OLH*7NT"*;dQ*MBC*-Hk1Z*FOMNE*OLH*MBC*ε-H*POG[C*EX*HEDLKEFC*JORSGCJ

EX*MBC*9CYELT*uXOLu*KEFC*POFV*LEMOZGV"*,BCJC*MCRSEFOG*POFNOMNELJ*OFC*CRSBOJN\CH*NL*7NT"*;."

,BCJC*POFNOMNELJ*KE[GH*ZC*H[C*ME*CNMBCF*KBOLTNLT*PEG[RCJ*EX*JCHNRCLM*XFER*MBC*9CYELT*EF*O

POFNOMNEL* EX* 9CYELT* JCHNRCLM* KERSEJNMNEL"* (GNROMNK* KBOLTCJ* NL* MBC* JE[FKC* FCTNEL* DE[GH

NRSGV*KBOLTCJ*NL*JCHNRCLM*VNCGHQ*CNMBCF*XEF*MBC*MEMOG*9CYELT*KOMKBRCLM*OFCO*EF*EL*O*FCTNELOG

JKOGC"* ,BC* CLHRCRZCF* POG[CJ* EX* FCSFCJCLMOMNPC* JCHNRCLMJ* XFER* POFNE[J* JE[FKC* FCTNELJ

^9CYELT*RE[MB* CLHRCRZCFQ* )LLORNMC* CLHRCRZCF* OLH* I[SSCFI*9CYELT* CLHRCRZCF_* OFC

JBEDL*OM* MBC*KEFC* MES* NL*7NT"*;."*,BC*9CYELT*CLHRCRZCF*KBOFOKMCFN\CJ* HCMFNM[J* XFER* MBC

CLMNFC*9CYELT*ZOJNLQ*DBNGC*MBC*)LLORNMC*CLHRCRZCF*FCXGCKMJ*JCHNRCLM*EFNTNLOMNLT*XFER*MBC

)LLORNMC* KBONL* OLH* I[SSCFI* 9CYELT* JCHNRCLM* FCSFCJCLMJ* HCMFNM[J* XFER* MBC* 9CYELT* ZOJNL

CUKG[HNLT*O*GOFTC*SOFM*^KO"*3d*W_*EX*)LLORNMC*HCFNPCH*JCHNRCLMJ*OJ*JBEDL*ZCXEFC"

,BC*ε-H*HOMO*EX*9CYELT*CLHRCRZCF* OLH* OLH* FCKCLM* JCHNRCLMJ* XFER* MBC*9CYELT* XOL* KEFC

JBED*JNRNGOF*POG[CJ*OFE[LH*:!d"<"*0EDLKEFC*JORSGCJ*HOMCH*ME*KO"*;`dd*OLH*@<ad*)9+:!;(

VCOFJ*4=Q*FCJSCKMNPCGVQ*XOPEF*OL*NLKFCOJCH*NLXG[CLKC*EX*)LLORNMC*JCHNRCLMJ*EL*MBC*GEKOMNEL*EX

MBC*9CYELT*XOL*KEFC"*,BNJ*KE[GH*ZC*CUSGONLCH*ZV*NLKFCOJCH*+>:RELJEEL*NL*MBC*JE[FKC*OFCOQ

DBNKB*DOJ* OGJE* EZJCFPCH* ZV* 9OUDCGG* ^.dd!_Q* DBE* XE[LH* RELJEEL* NLMCLJNXNKOMNEL* NL* GOYC

JCHNRCLMJ* XFER*LEFMBCOJMCFL*(ORZEHNO*KGEJC* ME* MBC*)LLORNMC*RE[LMONLJ* XEF* MBC* MNRC*JSOL

XFER*a;dd*:*<3dd*!;(*VCOFJ*4="
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)* RELJEEL* NLMCLJNXNKOMNEL* DE[GH* BOPC* FCJ[GMCH* NL* BNTBCF* SFCKNSNMOMNEL* NL* MBC* )LLORNMC

RE[LMONLJ* OLH* DE[GH* BOPC* FCJ[GMCH* NL* O* BNTBCF* JCHNRCLM* VNCGH* EX* MBNJ* JE[FKC* OFCO"* (EFC

!a;!@:.* ^KS"* KBOSMCF* ;_* XFER* MBC* LOFFED* JBCGX* NL* XFELM* EX* MBC*)LLORNMC* KBONL* JBEDJ* BNTB

^i@dd*TkKRzVF_*ROJJ*OKK[R[GOMNEL*FOMCJ*ZCMDCCL*`a.d*OLH*`!`<*!;(*VCOFJ*4=Q*DBNKB*KE[GH

BOPC* ZCCL* KO[JCH* ZV

NLMCLJNXNCH* +>:RELJEEL* OJ

DCGG"* 'LMCLJNXNCH* J[RRCF

RELJEEL* NL* +$:)JNO* OLH* MBC

COJMCFL* )FOZNOL* JCO* BOJ* ZCCL

FCSEFMCH* ZV* L[RCFE[J* O[MBEFJ

^+NFEKYE*CM*OG"Q*!``3c*+NFEKYE*CM

OG"Q*!``@c*7CLT*CM*OG"Q*!```c*&"

>OLT* CM* OG"Q* !```c* #EEHZFCH

OLH*?[CBGQ*.dddc*+OFYOF*CM*OG"Q

.ddd_* XEF* MBC* COFGV* 8EGEKCLC

^!dddd*:*Addd*VCOFJ*4=_"

!"#$%0(''>$V%2$;.'B,;*,-*$%&'*%'#.W$%?'8,%'2$;.'!^9Z!@3['εL/'B.;&=&'/.1-5'V*-5'E#7@!<(',?.&"'E-'-5.'2$;.'-$1K

1$-.%-*,)'.%/+.+I.;'B,)=.&'ME%%,+*-.'&./*+.%-K'#.W$%?'&./*+.%-',%/'f=11.;f'#.W$%?'&./*+.%-'MD$)/&-.*%'.-

,)"K'!Z^<N',;.'?*B.%'8$;'2$+1,;*&$%

)*9CYELT*XOL*KEFC*JORSGC*X[FMBCF*HEDLKEFC*HOMCH*ME*A`<<*!;(*VCOFJ*4=*FCM[FLJ*O*BNTBCF*ε-H:

POG[C* NLHNKOMNLT* FCH[KCH* )LLORNMC* JCHNRCLM* HCSEJNMNEL* EF* NLKFCOJCH* NLXG[CLKC* EX* I[SSCFI

9CYELT*JCHNRCLM*EL*MBC*KEFC*GEKOMNEL"*,BC*HCCSCJM*JORSGC*EX*MBC*KEFCQ*OTONLQ*VNCGHJ*O*REFC

LCTOMNPC*ε-H*XOPE[FNLT*MBC*)LLORNMC*RE[LMONLJ*OJ*OL*NRSEFMOLM*JE[FKC*XEF*9CYELT*JCHNRCLM"

,BNJ*KBOLTC*KE[GH*SFEZOZGV*ZC*KO[JCH*ZV*RELJEELOG* POFNOMNELJ* NL* MBC* JE[FKC*OFCOJ*EX* MBC

)LLORNMC*KBONL*OLH*MBC*,NZCMOL*=GOMCO["

)GMBE[TB* MBCFC* NJ* LEM* R[KB* POFNOMNELQ* MBC* KERSEJNMNEL* EX* KGOV* RNLCFOGJ* NL* KEFC* !a3`!:.

SEJJNZGV* J[SSEFMJ* MBC* MBCEFV* EX* NLMCLJNXNCH* +>:RELJEEL* EPCF* MBC* )LLORNMC* FCTNEL"* ,BC

CGCPOMCH* JRCKMNMC* KELMCLM* NL* MBC* GEDCF* SOFM* EX* MBC* KEFC* KE[GH* ZC* OMMFNZ[MCH* ME* NLMCLJNXNCH

KBCRNKOG*DCOMBCFNLT*EX* TFOLEHNEFNMCJ* OLH*VE[LT*ZOJOGMJ*DBNKB*OFC*SFCJCLM* NL* MBC* JE[MBCFL

SOFM*EX*MBC*)LLORNMC*KBONL*^7NT"*.A_"*)*X[FMBCF*SEJJNZNGNMV*NJ*MBC*DCOMBCFNLT*EX*NGGNMCQ*OJ*SFNROFV

RNLCFOG*HCFNPCH*XFER*SBVJNKOG*DCOMBCFNLTQ* ME*JRCKMNMC"*>NMB*O*J[XXNKNCLM*JENG*FCJNHCLKC*MNRC
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^+NLTCFQ*!`a;_*NL*MBC*XGEEH*SGONLJ*EX*MBC*9CYELT*FNPCF"*,BC*[LKBOLTCH*OZ[LHOLKC*EX*KBGEFNMC

NL*33.*KR*KEFC*HCSMB*DCOYCLJ*MBNJ*MBCEFVQ*JNLKC*KBGEFNMC*[J[OGGV*DCOMBCFJ*ZCXEFC*NGGNMC"*,BC

JRCKMNMCk^NGGNMCwKBGEFNMC_* FOMNE* EX* KGOVJ* NL* KEFC* !a3`!:.* JSCOYJ* XEF* NLKFCOJCH* KBCRNKOG

DCOMBCFNLT* NL* COFGV* 8EGEKCLC* MNRCJ* DBNKB* KE[GH* BOPC* ZCCL* KO[JCH* ZV* NLMCLJNXNCH* +>:

RELJEEL*NL*MBC*FCTNEL"

=K@ )FCIMHPJFCP

,BC* SFEPCLOLKC* OLH* HNJMFNZ[MNEL* EX* FCKCLM* JCHNRCLMJ* EL* MBC* 6NCMLORCJC* +BCGX* BOPC* ZCCL

NLPCJMNTOMCH* EL* MBC* ZOJNJ* EX* TCEKBCRNKOG* OLH* NJEMESNK* POFNOMNELJ* EX* FNPCF* JCHNRCLMJ* OLH* O

FCSFCJCLMOMNPC*KEFC:JCM*XFER*MBC*JBCGX*OGELT*O*MFOPCFJC*XFER*LEFMB*ME*JE[MB"

7[FMBCFREFC*MBC*TCEKBCRNKOG*CPEG[MNEL*EX*JCHNRCLMJ*XFER*OL*)9+:!;(*HOMCH*KEFC*NL*XFELM*EX

MBC*9CYELT* FNPCF* BOJ* ZCCL* NLPCJMNTOMCH* ME* FCPCOG* POFNOMNELJ* NL* MBC* JE[FKC* OFCO* H[FNLT* MBC

8EGEKCLC

^!_*$LHRCRZCF*JCHNRCLMJ*XFER*MBC*2CH*2NPCFQ*9CYELT*OLH*MBC*)LLORNMC*RE[LMONLJQ*JBED

HNXXCFCLM*TCEKBCRNKOG*OLH*+F:*OLH*-H:NJEMESNK*KERSEJNMNELJQ*DBNKB*OGGED*MBC*HNJKFNRNLOMNEL

EX*MBC*JE[FKC*OFCOJ*KELMFNZ[MNLT*JCHNRCLM*ME*MBC*JORSGNLT*GEKOMNELJ*NLPCJMNTOMCH*NL*MBNJ*JM[HV"

^._* ,BC* HOMO* EX* MBC* NLPCJMNTOMCH* JORSGCJ* GNC* ZCMDCCL* MBC* POG[CJ* EX* MBC* MBFCC* HCXNLCH

CLHRCRZCF* FNPCF* JCHNRCLMJ"* ε-H* * POG[CJ* EX* MBC* CLHRCRZCFJ* KEFLCF* MBC* POG[CJ* EX* MBC* KEFC

JORSGCJ*DBNGC*MBC*aA+Fka@+F*FOMNE*JBEDJ*O*BNTBCF*POFNOZNGNMV"

^3_* *,BC* aA+Fka@+F* FOMNE* NJ* TFONL* JN\C*HCSCLHCLM*DNMB*REFC* FOHNETCLNK*POG[CJ* NL* XNLC* TFONLCH

JORSGCJQ*Z[M*OL*NLXG[CLKC*EX*EMBCF*JE[FKCJ*DBNKB*SFEZOZGV*ZNOJ*MBC*+F*NJEMESNK*JNTLOG*MEDOFHJ

CUMFCRC*POG[CJQ*KOLLEM*ZC*CUKG[HCH"*,BEJC*SEMCLMNOG*JE[FKCJ*OFC*BNTBCF*HNXXCFCLMNOMCH*FEKYJ

GNYC*TLCNJJCJ*OLH*TFOLNMCJ*XFER*LEFMBCFL*6NCMLOR*EF*(BNLCJC*GECJJ"

^;_*0NJKFNRNLOMNEL*HNOTFORJ*[JNLT*MFOKC*CGCRCLMJ*JBED*MBOM*2CH*2NPCF*JCHNRCLM*NJ*OL*[LGNYCGV

JE[FKC* XEF* JCHNRCLMJ* EL* MBC* 6NCMLORCJC* +BCGX"* ,BC* RONL* XCCHCFJ* XEF* JCHNRCLMJ* EL* MBC

6NCMLORCJC*+BCGX*OFC* MBC*9CYELT*OLH* MBC* JROGG*RE[LMONLE[J* FNPCFJ*HFONLNLT* MBC*)LLORNMC

RE[LMONLJ"

^<_*)JJ[RNLT*OL*NLXG[CLKC*EX*)LLORNMC*JCHNRCLMJ*EL*MBC*KERSEJNMNEL*EX*9CYELT*JCHNRCLM

^3d*W_Q*OLH* MB[J*O* IKELMORNLOMNELI*EX*9CYELT*JCHNRCLMQ* MBC* JCHNRCLMJ*EL* MBC*6NCMLORCJC

+BCGX* OFC* RONLGV* HCGNPCFCH* ZV* MBC* JROGG* RE[LMONLE[J* FNPCFJ* EX* MBC* )LLORNMC* KBONL"* ,BCV

SFEPNHC*OM*KO"*Ad*W*EX*MBC*MEMOG*JCHNRCLM*HCSEJNMCH"

^@_* )CEGNOL* JCHNRCLM* NLS[M* NJ* LCTGNTNZGC* H[C* ME* BNTB* ROJJ* OKK[R[GOMNEL* FOMCJ* KO[JCH* ZV

FNPCFNLC*NLS[M"
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^A_*-H:* NJEMESNK* POFNOMNELJ* H[FNLT* MBC*8EGEKCLC* NL*9CYELT* KEFC* !a3`!:.* J[TTCJM* JMFELTCF

CFEJNEL* NL* MBC* )LLORNMC* RE[LMONLJ* H[FNLT* MBC* COFGV* 8EGEKCLCL* SFEZOZGV* H[C* ME* OL

NLMCLJNXNCH*+>:9ELJEEL"

^a_* ,BC* KGOV*RNLCFOG* KERSEJNMNEL* J[SSEFMJ* MBC* FCJ[GMJ* XFER* MBC* TCEKBCRNKOG* NLPCJMNTOMNELJ

KELKCFLNLT* SFEPCLOLKC"* )* BNTB* 'GGNMC* KELMCLM* NL* OGG* JORSGCJ* SFEZOZGV* FCXGCKMJ* SBVJNKOG

DCOMBCFNLT*EX*FEKYJ*XFER*MBC*8NROGOVOJ*OLH*MBC*)LLORNMC*RE[LMONLJ"*,BC*2CH*2NPCF*JORSGC

BOJ*PCFV*BNTB*NGGNMC*KELMCLM*H[C*ME*JBEFM*MFOLJSEFM*SOMBJ"
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> "& )FCILRDHOM& +LGJQLCD& #HGNLD& TFE& DSL& 7JLDCOQLPL& +SLMT8& 2L_FCN& OCG

.LG&.JULE&ULEPHP&+QOMM&2FHCDOJCFHP&.JULEP

>K, -CDEFGHIDJFC

>EFGHDNHCQ*FNPCFJ*KELMFNZ[MC*KO"*.d*U*!d`*MELJ*SCF*VCOF*EX*JCHNRCLM*ME*MBC*EKCOLJ"*)ZE[M*Ad

W*EX*MBNJ*JCHNRCLM*EFNTNLJ*XFER*JE[MBCFL*)JNO*OLH*NJGOLHJ*NL*MBC*=OKNXNK*OLH*'LHNOL*%KCOLJ

^9NGGNROL*OLH*+VPNM\YNQ*!``._"*8NTB*SFCKNSNMOMNEL*H[C* ME* MBC*9ELJEEL*OLH* JMCCS* TFOHNCLMJ

FCJ[GM*NL*CUMFCRCGV*BNTB*JCHNRCLM*VNCGHJ*NL*MBNJ*FCTNEL"

)GELT* MBC*6NCMLORCJC*(EOJM* MDE*EX* MBC*RObEF*DEFGH* FNPCFJ* XGED* NLME* MBC* +E[MB*(BNLO* +CO

^+(+_"*'L*MBC*-EFMBQ*MBC*2CH*2NPCF*DNMB*O*JCHNRCLM*GEOH*EX*!3d*U*!d@*MkVF*OLH*Z[NGHNLT*[S*O

B[TC*HCGMO*JVJMCRQ*HFONLJ*ELME*MBC*DNHC*JBCGX*EX*MBC*#[GX*EX*,ELYNL"

'L* MBC* +E[MBQ* MBC* 9CYELT* Z[NGHJ* [S* O* GOFTC* HCGMO* KERSGCU* OLH* HNJKBOFTCJ* OLL[OGGV

!@d*U*!d@*M*EX*JCHNRCLM*ELME*MBC*DNHC*PNCMLORCJC*SOFM*EX*MBC*+[LHO*+BCGX*^7NT"*;3_"

4CMDCCL* MBC* MDE* RObEF* FNPCFJ* B[LHFCHJ* EX* JROGG* RE[LMONLE[J* FNPCFJ* HFONL* NLME* MBC* +(+Q

KELMFNZ[MNLT* GOFTC* ORE[LMJ* EX* JCHNRCLM* ELME* MBC* LOFFED* JBCGX* ^>NCJLCF* CM* OG"Q* !```c

+KBNROLJYN*OLH*+MOMMCTTCFQ*.dd!Q*KS"*SFCPNE[J*KBOSMCFJ*EX*MBNJ*DEFY_"*%MBCF*O[MBEFJ*XEFMNXV*MBC

NRSEFMOLKC*EX*JROGG*RE[LMONLE[J*FNPCFJ* NL* MBC* MFESNKJ*OJ*RObEF*KELMFNZ[MEFJ*EX* JCHNRCLM* ME

MBC*DEFGHIJ*EKCOLJ* ^9NGGNROL* OLH* +VPNM\YNQ* !``._"*/S* ME*LEDQ*HCMONGCH* JM[HNCJ* KELKCFLNLT

JCHNRCLM*XG[U*XFER*JROGG*RE[LMONLE[J*FNPCFJ*NL*MBC*JE[MBCOJM*)JNOL*FCTNEL*HE*LEM*CUNJM"*,BC

XOKM* MBOM*RE[LMONLE[J* FNPCFJ*HFONLNLT*+E[MB*)JNO*OLH*%KCOLNO*BOPC*R[KB*TFCOMCF* JCHNRCLM

VNCGHJ*^.:3*XEGH_*MBOL*FNPCFJ*HFONLNLT*EMBCF*RE[LMONLE[J*OFCOJ*OLH*MBC*OJJ[RSMNEL*MBOM*FNPCFJ

EX*)JNO*OLH*%KCOLNO*KELMFNZ[MC*[S*ME*Ad*W*EX*MBC*MEMOG*JCHNRCLM*HNJKBOFTCH*ZV*FNPCFJ*ME*MBC

DEFGHJ*EKCOLJ*^9NGGNROL*OLH*9COHCQ*!`a3c*9NGGNROL*OLH*+VPNM\YNQ*!``._*ROYCJ*O*JM[HV* NL

MBNJ*FCTNEL*CPCL*REFC*OSSCOGNLT"

(EFC*HOMO*XFER*.<*JCHNRCLM*KEFCJ*XFER*MBC*6NCMLORCJC*+BCGX*OLH*REFC*MBOL*!ddd*RNGCJ*EX

JBOGGED*JCNJRNK*SFEXNGNLTQ*SFEPNHC*O*SFEXE[LH*HOMOZOJC*XEF*MBC*KBOFOKMCFN\OMNEL*EX*MBC*JBCGX*OJ

JCHNRCLM*JNLY"

)*GNRNMCH*L[RZCF*EX*S[ZGNKOMNELJ*EL*MBC*9CYELT*OJ*JCHNRCLM*JE[FKC*CUNJMJ* ^(OFZELLCG*OLH

9CVZCKYQ* !`A<c*9NGGNROL* OLH*9COHCQ* !`a3c* =OLM[G[Q* !`a@c*9NGGNROL* OLH* +VPNM\YNQ* !``.c

>EGOLJYN*CM*OG"*!``ac*-T[VCL*CM*OG"Q*.dddc*,O*CM*OG"* NL*SFCJJ_Q*DBCFCOJ*S[ZGNKOMNELJ*EL* MBC

2CH*2NPCF*OFC*JSOFJC*^9NGGNROL*OLH*9COHCQ*!`a3c*9NGGNROL*OLH*+VPNM\YNQ*!``.c*9OMBCFJ*OLH

eOGOJNCDNK\Q*!```_"*=[ZGNJBCH*FNPCF*HOMO*EL*MBC*JCHNRCLM*HNJKBOFTC*EX*MBC*JROGG*RE[LMONLE[J

FNPCFJ*OGELT*MBC*PNCMLORCJC*KEOJM*HE*LEM*CUNJM"
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'L*MBC*SFCPNE[J*KBOSMCFQ*JCHNRCLM*JE[FKCJ*^9CYELTQ*2CH*2NPCF*OLH*JROGG*RE[LMONLE[J*FNPCFJ_

BOPC*ZCCL*KBOFOKMCFN\CH*OLH*MBCNF* NLXG[CLKC*EL*MBC*JCHNRCLMOMNEL*OGELT* MBC*JBCGX*BOJ*ZCCL

][OLMNXNCH"

8CFCQ*O*KELKCSM[OG*JCHNRCLM*Z[HTCM*XEF*MBC*6NCMLORCJC*+BCGX*DNGG*ZC*CJMOZGNJBCHQ*ESSEJNLT

JCHNRCLM*JE[FKCJ*OLH*JCHNRCLM*JNLYJ"

>K1 +LGJQLCD&+FHEILP

>K1K, /LCHGODJFC&.ODLP&OCG&+LGJQLCD&/JPISOENL

0CL[HOMNEL* FOMCJ* NL* MBC* KOMKBRCLM* OFCO* EX* MBC* 2NPCFJ* KELMFNZ[MNLT* MBCNF* GEOH* ME* MBC

NLPCJMNTOMCH*OFCO*BOPC*JSOFJCGV*ZCCL*JM[HNCH"*(OFMCF*CM*OG"*^.ddd_*KOGK[GOMCH*HCL[HOMNEL*FOMCJ
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XEF* MBC*RE[LMONLE[J* FCTNEL* EX* KCLMFOG* 6NCMLOR* XEF* MBC* [SSCF*9NEKCLC* XFER* OSOMNMC* XNJJNEL

MFOKYJ"* ,BCNF* HCL[HOMNEL* FOMCJ* FOLTC* ZCMDCCL* 3`d* OLH* <dd* Rk9VF"* )GMBE[TB* XOKMEFJ

NLXG[CLKNLT*HCL[HOMNELQ*GNYC*SFCKNSNMOMNELQ*SGOLM*KEPCF*OLH*JCO*GCPCG*BOPC*KCFMONLGV*LEM*ZCCL

KELJMOLM* JNLKC* MBC* [SSCF* 9NEKCLCQ* MBCNF* HCL[HOMNEL* FOMCJ* TNPC* O* T[CJJ* EX* BED* R[KB* NJ

SEJJNZGC"

9EFC*FCKCLM*RCKBOLNKOG*HCL[HOMNEL*FOMCJ*KERSNGCH*ZV*$NLJCGC*^.ddd_*OFC*NL*MBC*FOLTC*EX*<dd

:*!ddd*Rk9VF*XEF*MFESNKOG*FNPCFJ*HFONLNLT*OFCOJ*EX*PCFV*BNTB*FCGNCXQ*OLH*.dd*:*<dd*Rk9VF*XEF

MFESNKOG*RE[LMONL*FNPCFJ"*7EF*MBC*9CYELT*2NPCF*ZOJNL*$NLJCGC*TNPCJ*O*RCKBOLNKOG*HCL[HOMNEL

FOMC*EX*ad*Rk9VF"*,BC*KBCRNKOG*HCL[HOMNEL*FOMCQ*KNMCH*ZV*$NLJCGC*OJ*3d*Rk9VFQ*NJ*LCTGCKMCH

NL*MBNJ*JM[HV*JNLKC*MBC*HCMCFRNLOMNEL*EX*ROJJ*OKK[R[GOMNEL*FOMCJ*^9)2_*EL*MBC*JBCGX*KOL*ELGV

OKKE[LM* XEF* J[JSCLHCH* JCHNRCLMJ* DBNKB* OFC* SFEH[KCH* ZV* RCKBOLNKOG* HCL[HOMNEL"

7[FMBCFREFC* MBC* FOMNE* ZCMDCCL* MEMOGGV* J[JSCLHCH* JCHNRCLM* ^,++_* OLH* MEMOGGV* HNJJEGPCH

JCHNRCLM*^,0+_*DBNKB*NJ*OZE[M*3"<*NL*MBC*EKCOLJ*^$NLJCGCQ*.ddd_*MCLHJ*ME*ZC*BNTBCF*NL*MFESNKOG

FCTNELJ*DNMB*JMCCS*TFOHNCLMJ"*7EF*MBC*#OLTCJk4FOBROS[MFO*2NPCF*JVJMCR*$NLJCGC*^.ddd_*FCSEFMJ

O* ,++k,0+* FOMNE* EX* !!*DBNGC* NL* MFESNKOG*RE[LMONLE[J* FCTNELJ* GNYC* MBC* )LLORNMC* KBONL* MBC

,++k,0+* FOMNE* FOLTCJ* ZCMDCCL* !d* OLH* 3d"* ,BNJ* JMFCLTMBCLJ* MBC* NRSEFMOLKC* EX* RCKBOLNKOG

HCL[HOMNEL*NL*FCGOMNEL*ME*KBCRNKOG*HCL[HOMNEL"

+ERC*O[MBEFJ*FCSEFMCH*OL*NLKFCOJC*EX*HCL[HOMNEL*FOMCJ*NL*BNJMEFNK*MNRCJ*H[C*ME*OLMBFESETCLNK

NLXG[CLKCJ* GNYC* HCXEFCJMOMNEL* OLH* OTFNK[GM[FN\OMNEL* ^,EVQ* !`a.Q* 9NGGNROL* CM* OG"Q* !`aA_"* ,BC

JCHNRCLM* NLS[M* XFER* MBC*1CGGED*2NPCF* ME* MBC*+E[MB*(BNLO*+CO* NLKFCOJCH*HFOROMNKOGGV* ^ZV*O

XOKMEF* EX* !d_* JNLKC* OTFNK[GM[FOG* [JC* ^9NGGNROL* CM* OG"Q* !`aAc* +ONME* CM* OG"Q* .dd!_"* ,O* CM* OG"* ^NL

SFCJJ_* JBEDCHQ* MBOM* J[KB* OL* NLKFCOJC* NL* JCHNRCLM* HNJKBOFTC*HNH*LEM* EKK[F* XEF* MBC*9CYELT

2NPCF"* (ELMFOFNGVQ* XEF* MBC* OFCO* EX* MBC* )LLORNMC* KBONLQ* =OLM[G[* ^!`a@_* FCSEFMJ* JCPCFC* JENG

HCSGCMNEL*H[C*ME*OTFNK[GM[FN\OMNEL"

8EDCPCFQ*JROGG*HFONLOTC*ZOJNLJ*NL*RE[LMONLE[J*FCTNELJ*BOPC*R[KB*BNTBCF*JCHNRCLM*VNCGHJ

MBOL* GOFTC* FNPCF* JVJMCRJ* H[C* ME* O* BNTBCF* FCGNCX* OLH* JMCCS* JMFCOR* KBOLLCG* TFOHNCLMJ"* 'L* MBC

SFCPNE[J* KBOSMCF* SEJJNZGC* JCHNRCLM* HNJKBOFTC* XG[KM[OMNELJ* EX* MBC* 9CYELT* 2NPCF* DCFC

CUSGONLCH*DNMB* NLKFCOJCH*SFCKNSNMOMNEL* NL* MBC*)LLORNMC* FCTNEL* OLH* J[ZJC][CLM* NLKFCOJC* NL

CFEJNEL"* ,BCJC* XNLHNLTJ* KEFFCGOMC* DNMB* S[ZGNJBCH* FCJ[GMJ* J[SSEFMNLT* JMFCLTMBCLCH* +>:

RELJEEL*NL*MBC*COFGV*8EGEKCLC*^+NFEKYE*CM*OG"Q*!``@c*7CLT*CM*OG"Q*!```c*>OLT*CM*OG"Q*!```c

#EEHZFCH*OLH*?[CBGQ*.dddc*+OFYOF*CM*OG"Q*.dddc*9OUDCGGQ*.dd!_"

,OZ"*!3*JBEDJ*O*KERSNGOMNEL*EX*HCL[HOMNEL* FOMCJ* OLH*JCHNRCLM* XG[U* XEF* MBC*2CH*2NPCFQ* MBC

9CYELT* 2NPCFQ* MBC* JROGG* RE[LMONLE[J* FNPCFJ* KELMFNZ[MNLT* ME* MBC* 9CYELT* OLH* MBC* JROGG

RE[LMONLE[J*FNPCFJ*HFONLNLT*COJMDOFH*NLME*MBC*+(+"*,BC*HOMO*OFC*MOYCL*XFER*MBC*GNMCFOM[FC*EF

KOGK[GOMCH*OKKEFHNLT*ME*S[ZGNJBCH*POG[CJ*OLH*C][OMNELJ"
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,BC* KELPCFJNEL* XFER* HCL[HOMNEL* FOMC* ME* JCHNRCLM* XG[U* OLH* PNKC* PCFJO* EKK[FFCH* EL* MBC

OJJ[RSMNEL*EX*O*FEKY*HCLJNMV*EX*."<*TkKR�*OXMCF*MBC*XEFR[GOm

JCHNRCLM*XG[U*sMkVFt***r***HCL[HOMNEL*FOMC*sRk!d@VFt***U****FEKY*HCLJNMV*sMkR�t**U**OFCO*s!d;Rzt

./*$%&)''($+1*),-*$%'$8'/.%=/,-*$%';,-.&',%/'&./*+.%-'8)=Q'8$;'6*.-%,+',%/'B*.-%,+.&.';*B.;&

Catchment Denudation Sediment Sediment
area rate yield flux (load)
[km²]  [m/Myr]  [x 106 t/km²y]  [x 106 t/y]

Mekong
Milliman and Syvitzki (1992) 790000 80 200 ~160
Einsele (2000) " 80 200 ~160
Pinet and Souriou (1988) " ~120 ~300 ~237

Annamite part of Mekong*
Carter et al. (2000) 100000 390-500 975-1250 97.5-125
Einsele (2000) " 200-500 500-1250 50-125
Pinet and Souridu (1988) " ~90 ~225 ~22.5

Small mountainous rivers to SCS+

Carter et al. (2000) 80000 390-500 975-1250 78-100
Einsele (2000) " 200-500 500-1250 40-100
Pinet and Souridu (1988) " ~90 ~225 ~18

Red River
Milliman and Syvitzki (1992) 120000 440 1100 ~130
Einsele (2000) " 200-500 500-1250 60-150
Pinet and Souridu (1988) " ~170 ~425 ~51

calculated results are bold
*calculated with data from Pantulu (1986) and Fedra et al. (1991)
+compiled and estimated from Vietnam Hydrometeorological Atlas, UNEP (1994)
conversion from denudation rate to sediment flux and vice versa occurred on the assumption of a rock density
of 2.5 t/m³ and the equation:

sediment flux [t/yr]  =  denudation rate [m/106yr]   x    rock density [t/m³]  x  area [104m²]
Denudation rates calculated after Pinet and Souriau (1988):
D  =  (419 x 10-6 Elev - 0.245) x 1000 (for rocks younger than 250 My)
whereas D = denudation rate in m/Myr, and Elev = mean basin elevation

>K1K1 2L_FCN

#CLCFOGGV* OKKCSMCH* POG[CJ* XEF* JCHNRCLM* GEOH* EX* MBC* 9CYELT* OFC* MBC* ELCJ* S[ZGNJBCH* ZV

9NGGNROL* OLH* +VPNM\YN* ^!``._"* ,BCV* OJJ[RC* O* JCHNRCLM* GEOH* EX* !@d* U* !d@* MkVF* DBNKB* NJ

KELJNJMCLM*DNMB*MBC*HOMO*XFER*$NLJCGC*^.ddd_"

'L*O*FCKCLM*S[ZGNKOMNEL*,O*CM*OG"*^NL*SFCJJ_*TNPC*O*POG[C*EX*!;;*x*3@*U*!d@*MkVF"
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7[FMBCFREFC*JCHNRCLM*DOJ*KOGK[GOMCH*GEOH*OXMCF*=NLCM*OLH*+E[FNO[*^!`aa_*DBEJC*REHCG*MOYCJ

MBC*RCOL*ZOJNL*CGCPOMNEL*OLH* MBC*KF[JMOG* OTC* NLME*OKKE[LMQ* FCJ[GMNLT* NL* O* JCHNRCLM* GEOH*EX

i.3A*U*!d@*MkVF"

>K1K4 .LG&.JULE

,BC*2CH*2NPCF*NLXG[CLKCJ*MBC*JCHNRCLMJ*NLPCJMNTOMCH*NL*MBNJ*DEFY*ELGV*ME*O*RNLEF*HCTFCC*^KS"

KBOSMCF*<_"*,BCFCXEFCQ*ELGV*PCFV* GNRNMCH*KOGK[GOMNELJ*KOL*ZC*ROHC*KELKCFLNLT* MBC*JCHNRCLM

Z[HTCM*EX*MBNJ*FNPCF*OLH*HOMO*DNGG*ZC*SFCJCLMCH*NL*O*XCD*DEFHJ"

,BC* JCHNRCLM* GEOH* EX* MBC* 2CH* 2NPCF* NJ* !3d* U* !d@* MkVF* ^9NGGNROL* OLH* +VPNM\YNQ* !``._"

(OGK[GOMNELJ*[JNLT*MBC*HCL[HOMNEL*FOMC*TNPCL*ZV*$NLJCGC*^.ddd_*KELXNFR*MBNJ*POG[C*FCM[FLNLT

@d*�*!<d*U*!d@*MkVF"*)*KOGK[GOMNEL*[JNLT*MBC*C][OMNEL*EX*=NLCM*OLH*+E[FNO[*^!`aa_*FCJ[GMJ*NL*O

R[KB*GEDCF*POG[C*EX*KO"*<!*U*!d@*MkVF"

>K1K6 +QOMM&2FHCDOJCFHP&.JULEP

,BC*JROGG*RE[LMONLE[J*FNPCFJ*EX*MBC*)LLORNMC*KBONL*KELMFNZ[MC*KO"*3d*W*EX*MBC*MEMOG*9CYELT

JCHNRCLM*^KS"*KBOSMCF*<_"*,BC*)LLORNMC*MFNZ[MOFNCJ*EX*MBC*9CYELT*BOPC*O*REFC*TCLMGC*SFEXNGC

MBOL* MBC* JMFCORJ* HFONLNLT* NLME* MBC* +E[MB* (BNLO* +CO* ^7CHFO* CM* OG"Q* !``!_* DBNKB* FCJ[GMJ* NL

JMFELTCF*CFEJNEL*EX* MBC*COJMDOFH*)LLORNMC*RE[LMONLJQ*KELMFNZ[MNLT* MBCNF* JCHNRCLM*ELME* MBC

LOFFED*KCLMFOG*SOFM*EX*MBC*6NCMLORCJC*+BCGX"

$JMNROMNLT*MBC*GEOH*EX*MBEJC*FNPCFJ*DNMB*MBC*HCL[HOMNEL*FOMCJ*EX*(OFMCF*CM*OG"*^.ddd_*FCJ[GMJ*NL*O

JCHNRCLM* GEOH*EX*Aa* :*!dd* MkVF"*,BC*KOGK[GOMNEL*DNMB* MBC*POG[CJ*SFEPNHCH*ZV*$NLJCGC* ^.ddd_

FCM[FLJ* O* JCHNRCLM* GEOH* ZCMDCCL* ;d* OLH* !dd* MkVF"* +CHNRCLM* GEOH* KOGK[GOMCH* DNMB* MBC

HCL[HOMNEL*FOMC*HCMCFRNLCH*DNMB*MBC*C][OMNEL*EX*=NLCM*OLH*+E[FNO[* ^!`aa_* NJ* FCGOMNPCGV* GED

DNMB* O* POG[C* EX* i!a* MkVF"* ,BNJ* FCJ[GMJ* XFER* MBCNF* JERCDBOM* JNRSGC* RNLHCH* REHCG* DBNKB

HNJFCTOFHJ*NRSEFMOLM*XOKMEFJ*GNYC*SFCKNSNMOMNEL*FOMC*OLH*FCGNCX"*,BC*KF[JMOG*OTC*EX*MBC*)LLORNMC

FCTNEL*NJ*EGHCF*MBOL*MBC*ELC*XEF*MBC*9CYELT*ZOJNL*DBNKB*NRSGNCJ*MBOM*OXMCF*=NLCM*OLH*+E[FNO[

^!`aa_*O*REHNXNCH*C][OMNEL*JBE[GH*ZC*[JCH* ME*KOGK[GOMC* MBC*HCL[HOMNEL* FOMCQ* FCJ[GMNLT* NL* O

GEDCF* HCL[HOMNEL* FOMC* KERSOFCH* ME* MBC* 9CYELT* ZOJNL"* +NLKC* ELGV* SOFMJ* EX* MBC* )LLORNMC

KBONL*OFC*EGHCF*MBOL*.<d*9OQ*MBC*C][OMNEL*XEF*FEKYJ*VE[LTCF*MBOL*.<d*9O*DOJ*[JCH*XEF*MBC

)LLORNMC* JE[FKC* FCTNEL* OJ*DCGG"* ,BC* OPCFOTC* ZOJNL* CGCPOMNEL* XEF* MBC*)LLORNMC* FCTNEL* BOJ

ZCCL*CJMNROMCH*ME*add*R"*=NLCM*OLH*+E[FNO[J*REHCGCH*POG[CJ*JMOLH*NL*KELMFOJM*ME*MBC*R[KB

BNTBCF*HCL[HOMNEL*FOMCJ*KOGK[GOMCH*XFER*(OFMCF*CM*OG"*^.ddd_*OLH*$NLJCGC*^.ddd_Q*SFEZOZGV*H[C

ME*LEL:EZJCFPOLKC*EX*ZEMBQ*SFCKNSNMOMNEL*OLH*JMCCS*JMFCOR*KBOLLCG*TFOHNCLMJQ*EX*MBCNF*REHCG"

4EMB* XOKMEFJ*OFC*PCFV*BNTB*OLH*SFEZOZGV*EX*CUMFCRC* NRSEFMOLKC* XEF*HCL[HOMNEL* FOMCJ* NL* MBC

)LLORNMC*FCTNEL"
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>K4 +LGJQLCD&+JC_P

,BC*JCHNRCLM*JNLYJ*XEF*ROMCFNOG*HCGNPCFCH*ZV*PNCMLORCJC*FNPCFJ*OFC*MBC*HCGMOJ*EX*MBC*MDE*RObEF

FNPCFJ*9CYELT*OLH*2CH*2NPCFQ*MBC*DNHC*JBCGX*EXX*MBC*HCGMOJQ*OLH*MBC*LOFFED*JBCGX*EXX*KCLMFOG

6NCMLOR"*,OZ"*!;*JBEDJ*OL*EPCFPNCD*EPCF*JCHNRCLM*JNLYJ*XEF*J[JSCLHCH*FNPCF*JCHNRCLM"

./*$%&0''7*%W&'8$;'&./*+.%-'/.)*B.;./'IF'B*.-%,+.&.'C*B.;&

area MARterr av. sediment sediment stored sediment stored

thickness calc. from MARterr calc. from thickness

[km²] [g/cm²kyr] [cm] [109 t/kyr] [106 t/yr]

Mekong delta* 18000 20000±500 144±36 144±36

Southern Shelf ~150000 6-12 9-18 9-18
(Mekong (30-45)
influenced)

Central Shelf ~34000 60-120 20.4-40.8 20.4-40.8
600-1200 204-408 204-408

430 ~20+ ~20+

Northern Shelf 170000# ~12 ~20 ~20
(Gulf of Tonkin)

calculated results are bold, equivalent values italic
*data from Ta et al. (in press)
+average thickness of Holocene deposits from 10 sediment stations from modern water depths between 21 m
and 169 m on the Central Shelf. Calculation assuming an average dry bulk density of 1.15 g/cm³
#data from Niino and Emery (1961)

>K4K, 2L_FCN&/LMDO

,BC* MEMOG* OFCO* EX* MBC* 9CYELT* HCGMO* FOLTCJ* ZCMDCCL* @.Q<.d* OLH* `3QAa!* YR.* ^%FMEL* OLH

2COHNLTQ*!``3c*-T[VCL*CM*OG"Q*.ddd_"*,O*CM*OG"*^NL*SFCJJ_*KOGK[GOMCH*MBC*ORE[LM*EX*JCHNRCLM

HCSEJNMCH*NL*MBC*9CYELT*HCGMO*XEF*MBC*GOJM*3*YVF*ME*!;;*x*3@*U*!d@*MELJ*SCF*VCOFQ*ZOJCH*EL

JCHNRCLM*PEG[RC*OLOGVJNJ*^.d*x*<*R*NL*MBNKYLCJJQ*!a*U*!d�*YRz*NL*OFCOQ*Z[GY*HCLJNMV*EX*!".

x*d"!*TkKR�_"*,BCNF*POG[C* NJ* NL*TEEH*OKKEFHOLKC*DNMB* MBC*HOMO* XFER*9NGGNROL*OLH*+VPNM\YN

^!``._*DBE*KOGK[GOMCH*MBC*OLL[OG*JCHNRCLM*GEOH*EX*MBC*9CYELT*ME*!@d*U*!d@*MELJ"*8EDCPCFQ

MBNJ*NRSGNCJ*MBOM*MBC*RObEF*SOFM*EX*MBC*JCHNRCLM*MFOLJSEFMCH*ZV*MBC*9CYELT*NJ*HCSEJNMCH*NL*MBC

9CYELT*HCGMO*OLH*HECJ*LEM*FCOKB*MBC*E[MCF*JBCGX"
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>K4K1 +FHDSLEC&+SLMT

,BC*OFCO*EX*MBC*PNCMLORCJC*SOFM*EX*MBC*+[LHO*+BCGX*NLXG[CLKCH*ZV*MBC*9CYELT*NJ*LEM*YLEDL"

,BC*MEMOG*OFCO*EX*MBC*+[LHOJBCGX*NJ*KO"*!"a*U*!d@*YRz"*>C*XE[LH*REHCFL*JCHNRCLMJ*HCGNPCFCH

ZV*MBC*9CYELT*OM*JMOMNELJ*!a3A@Q*!a3a`Q*!a3`!*OLH*!a3`3Q*[S*ME*@d*YR*EXX*MBC*KEOJM*^KS"

KBOSMCF*;_"*7FER*MBC*HNJMOLKC*EX*MBEJC*GEKOMNELJ*DC*CJMNROMC*O*RNLNR[R*OFCO*NLXG[CLKCH*ZV

MBC*9CYELT*NL*REHCFL*MNRCJ*DBNKB*BOJ*OL*CUMCLJNEL*EX*KO"!<dQddd*YRz"

,BC*OPCFOTC*9)2*XEF*JCHNRCLMJ*XFER*MBNJ*OFCO*NJ*NL*MBC*FOLTC*EX*@*:*!.*TkKRzYVF*^KS"*KBOSMCF

;_"*8NTBCF*9)2*BOPC*ZCCL*XE[LH*OM*JMOMNEL*!a3`!*OLH*!a3`3*^7NT"*;;_*DNMB*3d*:*;<*TkKRzYVF"

(OGK[GOMNLT*MBC*ORE[LM*EX*JCHNRCLM*JMEFCH*EL*MBC*+E[MBCFL*+BCGX*DNMB*MBC*RNLNR[R*9)2*EX

@*:*!.*TkKRzYVF*OLH*OL*OPCFOTC*HFV*Z[GY*HCLJNMV*EX*!"!<*TkKR�*FCJ[GMJ*NL*O*POG[C*EX*`*:*!a*U

!d@*MkVF"

!"#$%00'':*?5';.&$)=-*$%'&.*&+*2'1;$8*).'$8'&-,-*$%&'!^9Z!',%/'!^9Z9

>K4K4 )LCDEOM&+SLMT

(ERSOFCH*ME*MBC*DNHC*JBCGX*NL*MBC*#[GX*EX*,ELYNL*OLH*MBC*DNHC*+[LHOJBCGXQ*MBC*CUSOLJNEL*EX

MBC*LOFFED*JBCGX*ZCMDCCL*!@g*-*OLH*!!g*-*EXX*6NCMLOR*NJ*PCFV*GNRNMCH*DNMB*KO"*3;ddd*YRzQ

HCMCFRNLCH*DNMB*TCERCMFNK*RCMBEHJ* MOYNLT* MBC*.dd*R* NJEZOMB*OJ* JCODOFH* GNRNMOMNEL*EX* MBC

JBCGX"

,BC*ORE[LM*EX*JCHNRCLM*JMEFCH*EL*MBC*KCLMFOG*6NCMLORCJC*+BCGX*KOGK[GOMCH*XFER*MCFFNTCLE[J

9)2*OLH*MBC*HCSEJNMNELOG*OFCOQ*NJ*NL*MBC*FOLTC*EX*.d";*:*;d"a*U*!d@*MkVF*XEF*OPCFOTC*9)2*EX

@d*:*!.d*TkKRzYVF"*)JJ[RNLT*O*BNTBCF*OPCFOTC*9)2*GNYC*KOGK[GMOMCH*XFER*KEFCJ*!a;!<:.*OLH

!a;!@:.*^KS"*KBOSMCF*;_*FCJ[GMJ*NL*O*JCHNRCLM*JMEFOTC*MCL*MNRCJ*BNTBCF*^.d;*:*;da*U*!d@*MkVF_"

(OGK[GOMNELJ* XFER* MBC* OPCFOTC* JCHNRCLM* MBNKYLCJJ* ^;3d* KR_* EX* MBC* 8EGEKCLC* JCHNRCLMJ

JM[HNCH* BCFCQ* FCM[FL* O* POG[C* EX* KO"* .d* U* !d@* MkVF"* =FEZOZGV* MBNJ* POG[C* [LHCFCJMNROMCJ* MBC

NRSEFMOLKC*EX*/.)-,@)*W.'JCHNRCLM*ZEHNCJ*NL*XFELM*EX*MBC*JROGG*RE[LMONLE[J*FNPCFJ*OLH*EMBCF

LCOFJBEFC*HCSEJNMJQ*DBNKB*BOPC*ZCCL*XE[LH*NL*-BO*,FOLT*4OV*^JMOMNELJ*!a3`A*�*!a;d!Q*7NT"
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;<O_"* ,BC* OTC*EX* MBNJ*DCHTC:GNYC* JCHNRCLM* ZEHV* NJ* LEM* KGCOFm*)*HOMNLT* XFER* KEFC* !a3`A:.Q

DBNKB*SCLCMFOMCH*MBC*MFOLJTFCJJNELOG*J[FXOKCQ*JBEDJ*OL*OTC*EX*;add*!;(*VCOFJ*4="

*^O_

^Z_

*^K_

!"#$%02'':*?5';.&$)=-*$%'&.*&+*2'1;$8*).&',2;$&&'-5.'%,;;$V'2.%-;,)'1,;-'$8'-5.'6*.-%,+.&.'75.)8',N'&-,-*$%'!^9Z`'g

!^<\!K'IN'&-,-*$%'!^<!<'g'!^<!X',%/'2N'&-,-*$%&'!^<!Z'@'!^<3\

)L*CSNJEHNK*JG[RS:GNYC*MFOLJSEFM*EX*OKK[R[GOMCH*JCHNRCLM* XFER*MBC*JBCGX* ME*HCCSCF*SOFMJ*EX

MBC*+(+*NJ*PCFV*SFEZOZGC"*,FOLJCKM*!a;!;:!a;!A*JBEDJ*PCFV*BNTB*ROJJ*OKK[R[GOMNEL*FOMCJ*NL

MBC* GEDCF* SOFM* EX* KEFCJ* !a;!<:.* OLH* !a;!@:.* H[FNLT* MBC* COFGV* 8EGEKCLC* ^7NT"* ;<Z_"* 'L
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KELMFOJM* MBC*[SSCF*SOFM*EX*KEFC*!a;!@:.*GOKYJ*BNTB*9)2*DBNGC*KEFC*!a;!<:.*JBEDJ*JG[RS:

GNYC* JMF[KM[FCJ* NL* MBC* p:FOV* FOHNETFOSBNCJ* ^KS"* KBOSMCF* ;_*DBNKB* KE[GH* ZC* MBC* FCRONLHCF* EX

JG[RSJ* MBOM* DCLM* EXX* EPCF* MBC* JBCGX* ZFCOY"* 7[FMBCFREFC* p:FOV* FOHNETFOSBNCJ* EX* JMOMNELJ

!a;!`:3*OLH*!a;.d:.* XFER*O*REFC*TCLMGV* NLKGNLCH* MFOLJCKM*EL* MBC*(.%-;,)' 75.)8' NLHNKOMC* O

BNTBCF*JCHNRCLM*MBNKYLCJJ*NL*GOLHDOFH*HNFCKMNEL*^7NT"*;<K_Q*DBNKB*OXMCF*EPCFJMCCSCLNLT*DE[GH

SFEZOZGV*FCJ[GM*NL*JG[RSNLT*EX*MBC*OKK[R[GOMCH*ROMCFNOG"

8NTB*HCL[HOMNEL*FOMCJ*OLH*MBC*KOGK[GOMCH*JCHNRCLM* GEOH*XFER*MBC*JROGG*RE[LMONLE[J*FNPCFJ

HFONLNLT*ELME*MBC*LOFFED*(.%-;,)'75.)8*J[TTCJM*O*BNTBCF*POG[C*XEF*MBC*JMEFOTC*EX*JCHNRCLM*OLH

NLHNKOMC* MBOM* JCHNRCLM* ZVSOJJNLT* OKFEJJ* MBC* JBCGX* ME* MBC* HCCSCF* SOFMJ* EX* MBC* +(+* NJ* PCFV

SFEZOZGC"* +CHNRCLM* ZVSOJJ* DOJ* OGJE* XE[LH* ZV* +\K\[KlLJYN* OLH* +MOMMCTTCF* ^.dd!_* XEF* MBC

KCLMFOG*SOFM*EX*MBC*6NCMLORCJC*+BCGX"

>K4K6 *FEDSLEC&+SLMT

%L* MBC* -EFMBCFL* +BCGXQ* 8EGEKCLC* JCHNRCLMJ* OFC* GNRNMCH* ME* O* MBNL* ZGOLYCM* ^7NT"* ;@_"* ,BC

KOGK[GOMCH*ORE[LM*EX*JCHNRCLM*JMEFCH*EL*MBC*L$;-5.;%'75.)8*^#[GX*EX*,ELYNL_*XFER*9)2*XEF

MBC*JE[MBCFLREJM*SOFM*EX*MBC*#[GX*EX*,ELYNL*OFCO*NJ*OFE[LH*.d*U*!d@*MkVF"**,BNJ*POG[C*R[JM*ZC

FCTOFHCH*OJ*BNTBGV*JSCK[GOMNPC*JNLKC*NM*NJ*ZOJCH*EL*MBC*OJJ[RSMNEL*EX*O*KELJMOLM*REHCFL*9)2

MBFE[TBE[M* MBC*CLMNFC*#[GX*EX* ,ELYNL* XFER*O* PCFV* GNRNMCH*HOMOJCM"*-NNLE* OLH* $RCFV* ^!`@!_

XE[LH*OFCOJ*DNMB*LE*REHCFL* JCHNRCLMJ*Z[M* JOLHJMELC*ZCHFEKY* KFESSNLT*E[M* NL* MBC* KCLMFOG

OFCO*EX*MBC*#[GX*EX*,ELYNL"

!"#$%01'':*?5';.&$)=-*$%'&.*&+*2'1;$8*).'$8'&-,-*$%'!^<39

,BC*EKK[FFCLKC*EX* FCGNK* JCHNRCLMJQ* OMMCJMCH*ZV* GOFTC*ORE[LMJ*EX* TGO[KELV* NL* KEFC*!a;.@:.

^KS"*KBOSMCF*;_Q*LCOFGV*CUKG[HCJ*REHCFL*JCHNRCLMOMNEL*NL*MBNJ*OFCO"
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,BC*ORE[LM*EX*JCHNRCLM*JMEFCH* NL* MBC*2CH*2NPCF*HCGMO* NJ*LEM*YLEDLQ*Z[M* NM*BOJ*ZCKERC*OL

OFCO*EX* NLMCFCJM* NL* MBC* GOJM* XCD* VCOFJ* ^9OMBCFJ* OLH*eOGOJNCDNK\Q* !```_"* 'M* CUMCLHJ* XFER* MBC

6NCMLORCJC*(NMV*,FNQ*KO"*!<d*YR*NLGOLHQ*ME*MBC*KEOJMQ*DBCFC*NM*RCOJ[FCJ*OSSFEUNROMCGV*!3d

YR*OKFEJJ"*8EGEKCLC*HCGMO*JCHNRCLMJ*OFC*[S*ME*3d*R*MBNKY*^9OMBCFJ*OLH*eOGOJNCDNK\Q*!```_"

>K6 )FCIMHPJFCP

)*KELKCSM[OG* JCHNRCLM*Z[HTCM* XEF* MBC*6NCMLORCJC*+BCGXQ*DNMB* JSCKNOG* XEK[J*EL* MBC*(.%-;,)

75.)8* DBNKB* FCKCNPCJ* JCHNRCLMJ* XFER* MBC* JROGG* RE[LMONLE[J* FNPCFJ* OGELT* MBC* KEOJMQ* DOJ

SFCJCLMCH"

0CL[HOMNEL*FOMCJ*EX*MBC*FNPCFJ*HFONLNLT*NLME*MBC*JM[HV*OFCO*^9CYELTQ*JROGG*RE[LMONLE[J*FNPCFJ

OLH* 2CH* 2NPCF_*DCFC* CJMNROMCH* XFER* GNMCFOM[FC* FCJE[FKCJ"* )KK[R[GOMNEL* FOMCJ* XEF* MBC* OFCOJ

OKMNLT* OJ* JCHNRCLM* JNLYJ* DCFC* KOGK[GOMCH* XFER* HCMONGCH* JCHNRCLM* KEFC* HOMO* OLH* BNTB

FCJEG[MNEL*JCNJRNK*FCKEFHJ"

7EF*MBC*MBFCC*JE[FKC:JNLY*JVJMCRJ*MBC*XEGGEDNLT*DOJ*XE[LHm

^!_*,BC*ZNTTCJM*SOFM*EX*JCHNRCLM*MFOLJSEFMCH*ZV*MBC*9CYELT*2NPCF*NJ*HCSEJNMCH*NL*MBC*9CYELT

HCGMO"* !@d* U* !d@* MkVF* OFC* HCGNPCFCH* ZV* MBC*9CYELT"* !;;*x*3@* U* !d@* MkVF* OFC* JMEFCH* NL* MBC

9CYELT*HCGMO* ^,O*CM*OG"* NL*SFCJJ_* OLH*ELGV*`* :*!a*U*!d@* MkVF* OFC* JMEFCH*EL* MBC* JBCGX*EXX* MBC

9CYELT"*,BC*ORE[LM*EX*JCHNRCLM*MFOLJSEFMCH*ME*MBC*HCCSCF*SOFMJ*EX*MBC*+(+*NJ*LEM*YLEDL"

^._*,BC*JCHNRCLM*HCGNPCFCH*ZV*MBC*JROGG*RE[LMONLE[J*FNPCFJ*NJ*DNMB*;d*:*!dd*U*!d@*MkVF**OZE[M

BOGX*EX*MBC*ORE[LM*MFOLJSEFMCH*ZV*MBC*9CYELT"*)ZE[M*.d*:*;d*U*!d@*MkVF*EX*JCHNRCLM*OFC*JMEFCH

EL* MBC* (.%-;,)' 75.)8"* ,BC* FCRONLNLT* SOFM* ZVSOJJCJ* MBC* JBCGX* EF* NJ* MFOLJSEFMCH* MEDOFHJ* MBC

HCCSCF*SOFMJ*EX*MBC*+(+*ZV*JG[RSJ"

^3_* ,BC* JSOFJC* HOMOZOJC* XEF* MBC* 2CH* 2NPCF* OLH* #[GX* EX* ,ELYNL* OFCO* HECJ* LEM* OGGED* MBC

KOGK[GOMNEL*EX*O*JCHNRCLM*Z[HTCM"*,BC*2CH*2NPCF*MFOLJSEFMJ*OZE[M*!3d*U*!d@*MkVF*EX*JCHNRCLM"

,BC*RObEF*SOFM*EX*MBNJ*JCHNRCLM*NJ*HCSEJNMCH*NL*MBC*2CH*2NPCF*HCGMO*^9OMBCFJ*OLH*eOGOJNCDNK\Q

!```_"*(ELJCFPOMNPC*CJMNROMCJ*EX*JCHNRCLM*OKK[R[GOMNEL* XEF* MBC*#[GX*EX*,ELYNL* FCJ[GMJ* NL*O

POG[C*EX*KO"*.d*U*!d@*MkVF"
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@ )FQRELSLCPJUL&)FCIMHPJFCP

+CHNRCLM*JORSGCJ*XFER*LEFMBCFLQ*KCLMFOG*OLH*JE[MBCFL*SOFMJ*EX*MBC*6NCMLORCJC*+BCGX*OLH*MBC

9CYELT* OLH* 2CH* 2NPCF* BOPC* ZCCL* NLPCJMNTOMCH* DNMB* JCHNRCLMEGETNKOGQ* TCEKBCRNKOGQ

RNKFESOGCELMEGETNKOG* OLH* TCESBVJNKOG* RCMBEHJ"* ,BNJ* NLPCJMNTOMNEL* NJ* MBC* XNFJM* HCMONGCH* OLH

KERSFCBCLJNPC* KBOFOKMCFN\OMNEL* EX* HCSEJNMJ* XFER* MBC* 6NCMLORCJC* +BCGX* DNMB* O* JMFOMNTFOSBV

ZOJCH*EL*;<*)9+:!;(*HOMCJ"*%L*MBC*ZOJNJ*EX*MBEJC*NLPCJMNTOMNELJQ*MBC*6NCMLORCJC*+BCGX*KE[GH

ZC* HNPNHCH* NLME* MBFCC* OFCOJ* DNMB* HCSEJNMNELOG* SFEKCJJCJ* HNXXCFNLT* XFER* COKB* EMBCFm* ,BC

L$;-5.;%'75.)8'NL*MBC*JE[MBCFL*#[GX*EX*,ELYNLQ*MBC*LOFFED*(.%-;,)'75.)8'NL*XFELM*EX*MBC*BNTB:

FNJNLT*)LLORNMC*RE[LMONL*KBONL*OLH*MBC*7$=-5.;%'75.)8'NL*MBC*OFCO*EX*MBC*SOGCE:9CYELT"*7EF

MBC*MBFCC*JBCGX*OFCOJ*MBC*XEGGEDNLT*DOJ*KELKG[HCHm

•  ,BC*L$;-5.;%'75.)8' NJ*KBOFOKMCFN\CH*ZV*O* GED*JCHNRCLMOMNEL* FOMC*EX* KO"*!d*KRkYVF"*,BC

(.%-;,)'75.)8'JBEDJ*BNTB*JCHNRCLMOMNEL*FOMCJ*EX*<d*:*!dd*KRkYVF*^<dd*:*!ddd*KRkYVF*EPCF

JBEFM*SCFNEHJ*EX*MNRC_"*+CHNRCLMOMNEL*FOMCJ*EL*MBC*7$=-5.;%'75.)8*OFC*NL*MBC*FOLTC*EX*<*:*!d

KRkYVF*^.<*:*;d*KRkYVF*NL*JBCGMCFCH*OFCOJ_"

•  )GMBE[TB*9CYELT*OLH*2CH*2NPCF*OFC*ORELT*MBC*MCL*GOFTCJM*FNPCFJ*EX*MBC*DEFGH*KELKCFLNLT

JCHNRCLM*HNJKBOFTCQ*ROJJ*OKK[R[GOMNEL*FOMCJ*OFC*BNTBCJM*EL*MBC*(.%-;,)'75.)8*NL*XFELM*EX

MBC* JROGG* RE[LMONLE[J* FNPCFJQ* DBNKB* MB[J* HCGNPCF* GOFTC* ][OLMNMNCJ* EX* JCHNRCLM"

@d*:*!.d*TkKR.YVF*^@dd*:*!.dd*TkKR.YVF*EPCF*JBEFM*SCFNEHJ*EX*MNRC_*OFC*MBC*BNTBCJM*ROJJ

OKK[R[GOMNEL* FOMCJ* EZJCFPCH* NL* MBC* +E[MB*(BNLO* +CO* JE* XOF"* ,BCJC* POG[CJ* CUKCCH*ROJJ

OKK[R[GOMNEL*FOMCJ*EX*EMBCF*JBCGPCJ*XFER*MBC*+E[MB*(BNLO*+CO*OM*GCOJM*ZV*O*XOKMEF*EX*.*ME*;"

•  ,BC* BNTB*ROJJ* OKK[R[GOMNEL* FOMCJ* EX* @dd* :* !.dd* TkKRzVF* EKK[FFCH* NL* COFGV* 8EGEKCLC

MNRCJ*OLH*OFC*SFEZOZGV*KO[JCH*ZV*CLBOLKCH*CFEJNEL*NL*MBC*)LLORNMC*RE[LMONLJ*H[C*ME

NLMCLJNXNCH*+>:RELJEEL"

•  ,BC* XOKNCJ* POFNOZNGNMV* EX* HCSEJNMJ* XFER* MBC* JCHNRCLM* KEFCJ* NJ* BNTBCJM* NL* KEFCJ* XFER* MBC

L$;-5.;%' 75.)8* OLH* 7$=-5.;%' 75.)8K* DBCFC* L[RCFE[J* XOKNCJ* BOPC* ZCCL* SFCJCFPCH* NL

NLKNJCH* POGGCV* JVJMCRJ"* ,BC* KCLMFOG* JBCGX* JBEDJ* O* GED* XOKNCJ* POFNOZNGNMV* H[C* ME* GOKY* EX

NLKNJCH*POGGCV*JVJMCRJ"

•  %L* MBC*-EFMBCFL* +BCGXQ* O* KELHCLJCH* JCKMNELkROFNLC* XGEEHNLT* J[FXOKCQ* NLHNKOMCH* ZV* MBC

OZ[LHOLKC*EX* TGO[KELVQ*EKK[FJ"*0[C* ME* GED* JCHNRCLMOMNEL* FOMCJ*EL* MBC*L$;-5.;%'75.)8

OLH* 7$=-5.;%' 75.)8K* FCGNKM* JCHNRCLMJ* OFC* KERREL"* 8CFCQ* OL* C][NGNZFN[R* ZCMDCCL

HCSEJNMNEL*OLH*CFEJNEL*KE[GH*LEM*ZC*CJMOZGNJBCHQ*VCM"*0[C*ME*BNTB*MCFFNTCLE[J*NLS[M*XFER

MBC* JROGG* RE[LMONLE[J* FNPCFJ* MBC* HCSEJNMNELOG* C][NGNZFN[R* EL* MBC* (.%-;,)' 75.)8* DOJ

CJMOZGNJBCH*][NKYGV"
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•  (ERSOFNJEL*EX*MCLMOMNPC*JCO:GCPCG*NLHNKOMNELJ*DNMB*MBC*JCO:GCPCG*K[FPC*EX*8OLCZ[MB*CM*OG"

^.ddd_* JBEDJ* OTFCCRCLM* XEF* 7$=-5.;%' 75.)8* HCSEJNMJ"* 0OMO* SENLMJ* XFER* (.%-;,)' 75.)8

HCSEJNMJ*SGEM*ZCGED*MBC*8OLCZ[MB:K[FPC*OLH*ROV*ZC*KO[JCH*ZV*J[ZJNHCLKC*H[C*ME*O*BNTB

ROJJ* OKK[R[GOMNEL* FOMC"* 'L* KELMFOJM* HOMO* SENLMJ* XFER* L$;-5.;%' 75.)8' HCSEJNMJQ* SGEMMNLT

OZEPC*MBC*8OLCZ[MB:K[FPCQ*OFC*SFEZOZGV*KO[JCH*ZV*MCKMELNK*[SGNXM*NL*MBNJ*FCTNEL"

,E* CUSGONL* MBC* BNTB* ROJJ* OKK[R[GOMNEL* FOMCJ* EL* MBC* (.%-;,)' 75.)8* OLH* ME* [LHCFJMOLH* MBC

SFEPCLOLKC* OLH* HNJMFNZ[MNEL* EX* JCHNRCLMJ* EL* MBC* 6NCMLORCJC* +BCGXQ* MBC* JBCGX* HCSEJNMJ* OLH

FNPCF*JCHNRCLMJ*BOPC*ZCCL*NLPCJMNTOMCH*XEF*TCEKBCRNKOG*OLH*NJEMESNK*POFNOMNELJ"*7[FMBCFREFCQ

MBC*TCEKBCRNKOG*CPEG[MNEL*EX*JCHNRCLMJ*XFER*O*KEFC*KEPCFNLT*MBC*8EGEKCLC*MNRC*NLMCFPOG*BOJ

ZCCL*NLPCJMNTOMCH*ME*FCPCOG*POFNOMNELJ*NL*MBC*JE[FKC*OFCO*H[FNLT*MBC*8EGEKCLC"*,BC*2CH*2NPCF

NL*MBC*-EFMBQ*MBC*9CYELT*NL*MBC*+E[MBQ*OLH*L[RCFE[J*JROGG*RE[LMONLE[J*FNPCFJ*HFONLNLT*MBC

)LLORNMC* KBONL* NL* (CLMFOG* 6NCMLOR* OFC* MBC* KELMFNZ[MEFJ* EX* MCFFCJMFNOG* JCHNRCLMJ* EL* MBC

6NCMLORCJC*+BCGX"

•  +CHNRCLMJ* EX* MBC* SEMCLMNOG* CLHRCRZCFJ* ^N"C"* 2CH* 2NPCFQ* 9CYELTQ* JROGG* RE[LMONLE[J

FNPCFJ_* JBED*HNXXCFCLM*TCEKBCRNKOG*OLH*+F:*OLH*-H:NJEMESNK*KERSEJNMNELJ*OLH*OGGED* MBC

HNJKFNRNLOMNEL*EX*JE[FKC*OFCOJ"

•  ,BC*HOMO*EX*MBC*JBCGX*JCHNRCLMJ*TCLCFOGGV*GNC*ZCMDCCL*MBC*POG[CJ*EX*MBC*CLHRCRZCFJ"*ε-H:

POG[CJ*EX*JBCGX*JCHNRCLMJ*OFC*GNRNMCH*ZV*MBEJC*EX*MBC*CLHRCRZCF*FNPCF*JCHNRCLMJQ*DBCFCOJ

MBC*aA+Fka@+F*FOMNE*JBEDJ*O*BNTBCF*POFNOZNGNMV"

•  ,BC* aA+Fka@+F* FOMNE* NJ* TFONL* JN\C* HCSCLHCLM*DNMB*REFC* FOHNETCLNK* POG[CJ* NL* XNLC* TFONLCH

JORSGCJ"* )L* NLXG[CLKC* EX* EMBCF* JE[FKCJ* ZNOJNLT* MBC* +F* NJEMESNK* JNTLOG* MEDOFHJ* CUMFCRC

POG[CJQ*KOLLEM*ZC*CUKG[HCH"*=EMCLMNOG*JE[FKCJ*OFC*BNTBCF*HNXXCFCLMNOMCH*FEKYJ*GNYC*TLCNJJCJ

OLH*TFOLNMCJ*XFER*LEFMBCFL*6NCMLOR*EF*(BNLCJC*GECJJ"

•  0NJKFNRNLOMNEL* HNOTFORJ* [JNLT* MFOKC* CGCRCLMJ* JBED* MBOM* 2CH* 2NPCF* JCHNRCLM* NJ* OL

[LGNYCGV*JE[FKC* XEF*JCHNRCLMJ*EL* MBC*6NCMLORCJC*+BCGX"*,BC*RONL* XCCHCFJ* XEF*JCHNRCLMJ

EL*MBC*6NCMLORCJC*+BCGX*OFC*MBC*9CYELT*OLH*MBC*JROGG*RE[LMONLE[J*FNPCFJ*HFONLNLT*MBC

)LLORNMC*RE[LMONLJ"

•  )JJ[RNLT*OL*NLXG[CLKC*EX*)LLORNMC*JCHNRCLM*EL*MBC*KERSEJNMNEL*EX*9CYELT*JCHNRCLM*EX

3d*W*XEFMNXNCH*ZV*O*+Rk-H*PCFJ[J*ε-H*RNUNLT*HNOTFORQ*MBC*JCHNRCLMJ*EL*MBC*6NCMLORCJC

+BCGX*OFC*RONLGV*HCGNPCFCH*ZV*MBC*JROGG*RE[LMONLE[J*FNPCFJ*EX*MBC*)LLORNMC*KBONL"*,BCV

SFEPNHC*OZE[M*Ad*W*EX*MBC*MEMOG*JCHNRCLM*HCSEJNMCH"

•  ,BC* SCFKCLMOTC* EX* OCEGNOL* NLS[M* NJ* LCTGNTNZGC* H[C* BNTB* ROJJ* OKK[R[GOMNEL* KO[JCH* ZV

FNPCFNLC*NLS[M"
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•  -H:* NJEMESNK* POFNOMNELJ* H[FNLT* MBC*8EGEKCLC* NL*9CYELT* KEFC* !a3`!:.* J[TTCJM* JMFELTCF

CFEJNEL* NL* MBC* )LLORNMC* RE[LMONLJ* H[FNLT* MBC* COFGV* 8EGEKCLC* SFEZOZGV* H[C* ME* OL

NLMCLJNXNCH* +>:9ELJEEL"* ,BC* SFEZOZNGNMV* EX* NLMCLJNXNCH* +>:RELJEEL* BOJ* OJ*DCGG* ZCCL

J[TTCJMCH*ZV*BNTB*ROJJ*OKK[R[GOMNEL*FOMCJ*EL*MBC*(.%-;,)'75.)8"

•  ,BC* KGOV*RNLCFOG* KERSEJNMNEL* J[SSEFMJ* MBC* FCJ[GMJ* XFER* MBC* TCEKBCRNKOG* NLPCJMNTOMNELJ

KELKCFLNLT* SFEPCLOLKC"* )* BNTB* 'GGNMC* KELMCLM* NL* OGG* JORSGCJ* SFEZOZGV* FCXGCKMJ* SBVJNKOG

DCOMBCFNLT* EX* FEKYJ* XFER* MBC* 8NROGOVOJ* OLH* MBC* )LLORNMC* RE[LMONLJ"* ,BC* 2CH* 2NPCF

JORSGC*JBEDJ*O*PCFV*BNTB*NGGNMC*KELMCLM*H[C*ME*JBEFM*MFOLJSEFM*SOMBJ"

>NMB* MBC* YLEDGCHTC* EX* ROJJ* OKK[R[GOMNEL* FOMCJ* OLH* SFEPCLOLKC* EX* MBC* JCHNRCLMJ* NM* DOJ

SEJJNZGC* ME* KERSNGC* O* KELKCSM[OG* JCHNRCLM* Z[HTCM* XEF* MBC* 6NCMLORCJC* +BCGX"* 0CL[HOMNEL

FOMCJ* XFER* FNPCFJ* HFONLNLT* NLME* MBC* JM[HV* OFCO* ^9CYELTQ* JROGG*RE[LMONLE[J* FNPCFJ* OLH* 2CH

2NPCF_*DCFC*CJMNROMCH* XFER*MBC* GNMCFOM[FC"*)KK[R[GOMNEL*FOMCJ* XEF* MBC*7$=-5.;%K'(.%-;,)*OLH

L$;-5.;%'75.)B.&K'OKMNLT*OJ*JCHNRCLM*JNLYJQ*DCFC*KOGK[GOMCH*XFER*HCMONGCH*JCHNRCLM*KEFC*HOMO

OLH*BNTB*FCJEG[MNEL*JCNJRNK*FCKEFHJm

•  ,BC*9CYELT*2NPCF*HCSEJNMJ*MBC*RObEF*SOFM*EX*BNJ*GEOH*NL*MBC*9CYELT*HCGMO"*!@d*U*!d@*MkVF

OFC*HCGNPCFCH*ZV* MBC*9CYELT*Z[M*ELGV*`* :* !a* U* !d@* MkVF* OFC* JMEFCH*EL* MBC* JBCGX* EXX* MBC

9CYELT"* !;;*x*3@* U* !d@* MkVF* OFC* JMEFCH* NL* MBC*9CYELT* HCGMO* ^,O* CM* OG"* NL* SFCJJ_"* ,BC

ORE[LM*EX*JCHNRCLM*MFOLJSEFMCH*ME*MBC*HCCSCF*SOFMJ*EX*MBC*+(+*NJ*LEM*YLEDL"

•  ,BC*JCHNRCLM*HCGNPCFCH*ZV*MBC*JROGG*RE[LMONLE[J*FNPCFJ*NJ*DNMB*;d*:*!dd*U*!d@*MkVF**OZE[M

BOGX*EX*MBC*ORE[LM*MFOLJSEFMCH*ZV*MBC*9CYELT"*)ZE[M*.d*:*;d*U*!d@*MkVF*EX*JCHNRCLM*OFC

JMEFCH* EL* MBC* (.%-;,)' 75.)8"* ,BC* FCRONLNLT* SOFM* ZVSOJJCJ* MBC* JBCGX* EF* NJ* MFOLJSEFMCH

MEDOFHJ*MBC*HCCSCF*SOFMJ*EX*MBC*+(+*ZV*JG[RSJ"

•  ,BC*JSOFJC*HOMOZOJC*XEF*MBC*2CH*2NPCF*OLH*#[GX*EX*,ELYNL*OFCO*^L$;-5.;%'75.)8_*HECJ*LEM

OGGED*MBC*KOGK[GOMNEL*EX*O*JCHNRCLM*Z[HTCM"*,BC*2CH*2NPCF*MFOLJSEFMJ*OZE[M*!3d*U*!d@*MkVF

EX* JCHNRCLM"* ,BC* RObEF* SOFM* EX* MBNJ* JCHNRCLM* NJ* HCSEJNMCH* NL* MBC* 2CH* 2NPCF* HCGMO"

(ELJCFPOMNPC*CJMNROMCJ*EX*JCHNRCLM*OKK[R[GOMNEL*XEF*MBC*L$;-5.;%'75.)8*FCJ[GM*NL*O*POG[C

EX*KO"*.d*U*!d@*MkVF"
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F*)4268+,Y-O-+,!.H$-,^*):*54:*'5,B8:@885,A2'1*5*:8,257,4=1'(*:8,*5,(8485:,)87*&85:),B6,_K(26
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;3*781*58)+,O5Q*('5&85:,257,W2:3(21,E8)'3(48),D8(Q*48+,E'&8-
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0*5;818+, c-_-+,^8+,^-Y-, 257,N*1185B(257+, Z-^-+, L""!-, Z126,&*58(21, 7*):(*B3:*'5, *5, )3(?248
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Y1258:2(6,D4*8548,e8::8()+,R.I!JG,#/K$S-
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`2]@811+,%-e-+,L""!-,N'1'4858,`'5)''5,Z=25;8),\5?8((87,?('&,e2A8,D87*&85:,Y'1185,257
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W27823+, `-C-, 8:, 21-+, !..S-, U=8, e8*B5*X, e2B'(, %`D, ?24*1*:6, 2:, :=8, Z=(*):*25K%1B(84=:)
d5*Q8()*:6+,V*81+,08(&256-,W34182(,\5):(3&85:),257,`8:='7),*5,Y=6)*4),E8)82(4=,F+
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Z'&<')*:8, $"%(l#.%(, 257, dKYB, %;8), ?('&, Y218'X'*4, :', U(*2))*4-, U=8, e'3(521, '?
08'1';6+,!".G,S//KSS"-

W2;6+,O-%-+,D4=g(8(+,d-,257,`*5=+,W-U-+,L"""-,a1*;'K`*'4858,;(25*:*4,&2;&2:*)&,*5,485:(21
h*8:52&,257,*&<1*42:*'5),?'(,4'5:*585:21,78?'(&2:*'5,*5,\57'4=*52-,U8((2,W'Q2+,!LG
HSKSH-

W2A2*+, D-*-+,N211*726+,%-W-, 257,E82+,^-V-+, !..#-, Y('Q852548,'?, 73):, *5, :=8,Y24*?*4,a4825-
O2(:=,257,Y1258:2(6,D4*8548,e8::8()+,!!.I!KLJG,!$#K!/S-

W;3685+, N-+, c1'@8(+, `-c-C-, 257, Z2(1)'5+, E-[-+, !..H-, `2b'(+, :(248, 818&85:+, 257, *)':'<*4
4'&<')*:*'5),'?,h*8:52&8)8,B2)21:)>, *5:8(24:*'5,'?, =67('3), O`!K(*4=, 2):=85')<=8(8
@*:=,:=*5587,O3(2)*25,1*:=')<=8(8-,08'4=*&*42,8:,Z')&'4=*&*42,%4:2+,H"ILLJG,$#L.K
$#/!-

W;3685+,h-e-+,U=*+,V-a-U-,257,U2:8*)=*+,`-+,L"""-,e2:8,N'1'4858,78<')*:*'521,85Q*('5&85:)
257, 4'2):21, 8Q'13:*'5, '?, :=8, `8A'5;, E*Q8(, ^81:2+, )'3:=8(5, h*8:52&-, \5G, Z-^-
[''7('??8,257,V-,F8((6&25,IO7*:'()J+,e2:8,P32:8(52(6,4'2):21,7652&*4),257,)82K18Q81
4=25;8),*5,:=8,%)*25,257,Y24*?*4,(8;*'5-,Y8(;2&'5-,a]?'(7+,d5*:87,V*5;7'&-,L"""-

W**5'+,N-,257,O&8(6+,V-a-+,!.H!-,D87*&85:),'?,)=211'@,<'(:*'5),'?,O2):,Z=*52,D82,257,D'3:=
Z=*52,D82-,08'1';*421,D'4*8:6,'?,%&8(*42,F3118:*5+,SLI/JG,S#!KSHL-

a(:'5+,0-C-, 257,E827*5;+,N-0-+,!..#-,h2(*2B*1*:6,'?,781:2*4,<('48))8), *5, :8(&),'?, )87*&85:
)3<<16+,@*:=,<2(:*4312(,8&<=2)*),'5,;(2*5,)*X8-,D87*&85:'1';6+,$"I#JG,$S/K/!L-

Y25:313+,h-E-+,!.RH-,U=8,`8A'5;,E*Q8(,)6):8&-,\5G,^-F-,E,257,[-V-,c,IO7*:'()J+,U=8,84'1';6
'?,(*Q8(,)6):8&)-,^(,[-,C35A,Y3B1*)=8()+,^'(7(84=:-

Y8:)4=*A+,E-+,L"""-,`24^*??,$-L-/,F87*8535;)2518*:35;-
Y*58:+,Y-,257,D'3(*23+,`-+,!.RR-,Z'5:*585:21,8(')*'5,257, 12(;8K)4218, (81*8?-,U84:'5*4)+,SI#JG

/H#K/RL-
Y12)+,e-Q-7-,257,U'B*+,%-Z-+,!.H/-,%,4=2(:,?'(,b37;*5;,:=8,(81*2B*1*:6,'?,<'*5:,4'35:*5;,(8)31:)-

%&8(*425,C'3(521,'?,D4*8548+,LH#I!JG,RSK."-
YaW%0%+,!..#-,IN34='5+,Y-+,Y=25,U(3'5;+,U-,257,e8,Y*4='5+,_J-,Z2&<2;58,Y'252;2,IWla

ej%:2125:8J-,E2<<'(:,78,B'(7+,?2*:,m,W=2,U(25;,18,#!,&26,!..#-
E25;*5+, Z-, 8:, 21-+, !../-, Z85'X'*4, 78?'(&2:*'5, '?, 485:(21, 257, D'3:=, h*8:52&-, \5G, U-[-Z-

N*178, 257, `-c-C-, c1'@8(, IO7*:'()J+, D'3:=82):, %)*2, ):(34:3(8, 257, :84:'5*4)-
U84:'5'<=6)*4)-,O1)8Q*8(+,%&):8(72&+,W8:=8(1257)+,<<-,!S.K!.H-

E82+,^-V-+,!..$-,U=8,<218'41*&2:*4,(84'(7,<('Q*787,B6,8'1*25,78<')*:*'5,*5,:=8,788<,)82>,:=8
;8'1';*4,=*):'(6,'?,@*57-,E8Q*8@),'?,08'<=6)*4)+,#LILJG,!/.K!./-

E*4=:8(+, %-+, !..R-, ^*8, %3)@*(A35;85, 78), )<g:<18*):'Xg585, `88(8))<*8;8125):*8;), 23?
D87*&85:2:*'5)<('X8))8,*&,Y21g'K`8A'5;,^81:2-,^*<1'&2(B8*:+,d5*Q8()*:g:,V*81+,V*81+
!##,<<-

E'938)+, ^-+, `2::=8@)+, D-C-, 257, E25;*5+, Z-+, !..S-, Z'5):(2*5:), '5, ):(*A8K)1*<, &':*'5, ?('&
)8*)&*4,257,;(2Q*:6,72:2,21'5;,:=8,h*8:52&,&2(;*5,'??)='(8,^2,W25;>,*&<1*42:*'5),?'(
=67('42(B'5,<(')<84:*Q*:6, 257,'<85*5;,'?, :=8,O2):,h*8:52&,D82-, \5G,%-C-, c(2)8(+, D-C-
`2::=8@), 257, E-[-, `3(<=6, IO7*:'()J+, Y8:('183&, ;8'1';6, '?, D'3:=82):, %)*2-
08'1';*421, D'4*8:6, D<84*21, Y3B1*42:*'5)-, 08'1';*421, D'4*8:6, '?, e'57'5+, e'57'5+
d5*:87,V*5;7'&+,<<-,#$!K#/#-
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D2*:'+,T-+,!..!-,D8938548,):(2:*;(2<=6,'5,:=8,)=81?,257,3<<8(,)1'<8,*5,(8)<'5)8,:',:=8,12:8):
Y18*):'4858KN'1'4858, )82K18Q81, 4=25;8), '??, D8572*+, W'(:=82):, C2<25-, \5G, ^-\-`-
`247'5217,IO7*:'(J+,D87*&85:2:*'5+,:84:'5*4),257,83):2)6>,)82K18Q81,4=25;8),2:,24:*Q8
&2(;*5)-, D<84*21, Y3B1*42:*'5, '?, :=8, \5:8(52:*'521, %))'4*2:*'5, '?, D87*&85:'1';*):)-
F124A@811+,a]?'(7+,\5:8(52:*'521+,<<-,!##K!/"-

D2*:'+,T-+,T25;+,M-,257,N'(*+,V-+,L""!-,U=8,N325;=8,IT811'@,E*Q8(J,257,Z=25;b*25;,IT25;:X8
E*Q8(J, 781:2G, 2, (8Q*8@, '5, :=8*(, 4=2(24:8(*):*4)+, 8Q'13:*'5, 257, )87*&85:, 7*)4=2(;8
73(*5;,:=8,N'1'4858-,08'&'(<='1';6+,$!IL!.KL#!J-

D2(A2(+,%-,8:,21-+,L"""-,N*;=,(8)'13:*'5,N'1'4858,&'5)''5,(84'(7,?('&,:=8,82):8(5,%(2B*25
D82-,O2(:=,257,Y1258:2(6,D4*8548,e8::8()+,!SSI#K$JG,L".KL!R-

D4=*&25)A*+,%-+,!...-,^*Q8()*:g:,357,O5:@*4A135;,Q'5,c2X*8)(g3&85,23?,78&,D3572KD4=81?
*&,h8(123?, 78(, Y'):<18*):'Xg585, U(25);(8))*'5-,^*<1'&2(B8*:+,d5*Q8()*:g:, V*81+, V*81+
H/,<<-

D4=*&25)A*+,%-+,N22)8+,V-+,D:2::8;;8(+,V-,257,0('':8)+,Y-`-+,L""!-,Y('Q852548,'?,N'1'4858
257,E8485:,D87*&85:),'5,:=8,h*8:52&8)8,D=81?,E8Q82187,B6,D(,257,W7,\)':'<8),257
U(248, O18&85:)-, \5G, O-, U(25)24:*'5), IO7*:'(J+, %0d, c211, `88:*5;+, D25, c(254*)4'+, <<-
H/$-

D4=*&25)A*+,%-,257,D:2::8;;8(+,V-+,L""!-,^842K`8:8(KD4218,N'1'4858,D87*&85:2:*'5,'5, :=8
h*8:52&8)8, D=81?-, \5G, %5'56&'3), IO7*:'(J+, O3('<825, d5*'5, '?, 08')4*8548)
4'5?8(8548, 2B):(24:)>, Od0, !!-, C'3(521, '?, Z'5?8(8548, %B):(24:)-, Z2&B(*7;8
Y3B1*42:*'5)+,Z2&B(*7;8+,d5*:87,V*5;7'&+,<<-,!RL-

D4='85?817+, C-, 257, V37(2))+, N-E-+, !..#-, N8&*<812;*4, )87*&85:, 2443&312:*'5, (2:8), *5, :=8
D'3:=,Z=*52,D82, (812:87, :', 12:8,P32:8(52(6, )82K18Q81, 4=25;8)-,P32:8(52(6,E8)82(4=
IW8@,T'(AJ+,$"I#JG,#HRK#S.-

D=24A18:'5+, W-C-+, !.SS-, U=8, ']6;85, *)':'<8, ):(2:*;(2<=*4, (84'(7, '?, :=8, 12:8, Y18*):'4858-
Y=*1')'<=*421, U(25)24:*'5), '?, :=8, E'621, D'4*8:6, '?, e'57'5+, D8(*8), FG, F*'1';*421
D4*8548)+,LR"I.SLJG,!H.K!RL-

D=24A18:'5+, W-C-+, !.RS-, a]6;85, *)':'<8)+, *48, Q'13&8, 257, )82, 18Q81-, P32:8(52(6, D4*8548
E8Q*8@)+,HI#K$JG,!R#K!."-

D=24A18:'5+, W-C-, 8:, 21-+, !.RR-, E27*'42(B'5, 2;8, '?, 12):, ;124*21, Y24*?*4, 788<, @2:8(-, W2:3(8
Ie'57'5J+,##/IH!.LJG,S"RKS!!-

D=2(&2+,V-Y-+,L"""-,`'7811*5;,'4825@2(7,)87*&85:, ?13],'?, :=8,D'3:=,257,D'3:=KO2):,%)*25
(*Q8()-,EO0\aW%e,UE%\W\W0,[aEVDNaY,aW,F\aK0OaZNO`\Z%e,Fd^0OU\W0
%W^,DaZ\aKOZaWa`\Z,`a^Oee\W0+,!RKLL,D8<:8&B8(+,L"""+,Z'1'&B'-

D*5;8(+,%-+, !.R$-, U=8,<218'41*&2:*4, *5:8(<(8:2:*'5,'?, 4126,&*58(21), *5, )87*&85:)>, 2, (8Q*8@-
O2(:=KD4*8548,E8Q*8@)+,L!I$JG,L/!KL.#-

D*('4A'+,c-+,02(B8+,D-^-+,`4\5:6(8+,%-,257,`'1?*5'+,F-+,!..H-,U8184'5584:*'5),B8:@885, :=8
)3B:('<*421,&'5)''5),257,=*;=K12:*:378,41*&2:8),73(*5;,:=8,12):,78;124*2:*'5-,D4*8548+
LSLI/LH!JG,/LHK/L.-

D*('4A'+, c-, 8:, 21-+, !..#-, Z85:3(6K)4218, 8Q85:), *5, &'5)''521, 41*&2:8, 'Q8(, :=8, <2):, L$+"""
682()-,W2:3(8,Ie'57'5J+,#H$IH$#/JG,#LLK#L$-

D'3:='5+, C-+, V2)=;2(*25+,`-+, c'5:3;58+,`-+,`8:*Q*8(+, F-, 257,[-KD-+, T-[-+, *5, <(8))-,`2(*58
(8)8(Q'*(,4'((84:*'5),?'(,:=8,\57*25,a4825,257,D'3:=82):,%)*2-,E27*'42(B'5-

D'3:='5+, C-O-+, W81)'5+, ^-O-, 257, h';81+, C-D-+, !..L-, U=8, 78:8(&*52:*'5, '?, <2):, '4825K
2:&'<)=8(8,(27*'42(B'5,7*??8(8548)-,\5G,O-,F2(7,257,[-^-,F('84A8(,IO7*:'()J+,U=8,e2):
^8;124*2:*'5G, 2B)'13:8, 257, (27*'42(B'5, 4=('5'1';*8)-, D<(*5;8(Kh8(12;+, F8(1*5+, <<-
L!.KLLS-

D'3:='5+, C-E-+, E'7&25+, %-a-, 257, U(38+, ^-+, !../-, %, 4'&<2(*)'5, '?, &2(*58, 257, :8((8):(*21
(27*'42(B'5,2;8),?('&,5'(:=8(5,Z=*18-,\5G,0-U-,Z''A+,^-^-,N2(A58))+,F-c-,`*118(,257
O-`-, D4'::, IO7*:'()J+, Y('4887*5;), '?, :=8, !/:=, *5:8(52:*'521, (27*'42(B'5, 4'5?8(8548-
E27*'42(B'5-,%&8(*425,C'3(521,'?,D4*8548+,W8@,N2Q85+,ZU+,d5*:87,D:2:8)+,<<-,#R.K
#.#-

D<*8n+, h-+, !..#-, ^*;*:218, D87*&85:84=';(2<=*8, K, W838, [8;8, X3, 8*58(, ='4=23?1o)85785
%A3):'):(2:*;(2<=*8-,#/+,c24=B8(8*4=,08'@*))85)4=2?:85,d5*Q8()*:g:,F(8&85-
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D:8*5A8+, D-+, L""!-, D87*&85:'1';*421, 257, 41*&2:*4, 4=25;8), 73(*5;, :=8, 12):, 78;124*2:*'5
(84'(787,*5,4'(8),?('&,:=8,D3572,D=81?,&2(;*5,257,4'5:*585:21,)1'<8,I)'3:=8(5,D'3:=
Z=*52,D82J-,^'4:'(21,U=8)*)+,d5*Q8()*:g:,V*81+,V*81+,R$,<<-

D:3*Q8(+,`-, 257, F(2X*352)+, U-c-+, !..#-,`'781*5;, 2:&')<=8(*4, I)3<8(, !$J, Z, *5?138548), 257
I)3<8(, !$J, Z, 2;8), '?, &2(*58, )2&<18), :', !"+""", FZ-, \5G, `-, D:3*Q8(, 257, %-, e'5;
IO7*:'()J+,Z21*B(2:*'5,!..#-,E27*'42(B'5-,%&8(*425, C'3(521,'?,D4*8548+,W8@,N2Q85+
ZU+,d5*:87,D:2:8)+,<<-,!#SK!R.-

D:3*Q8(+,`-,257,E8*&8(+,Y-C-+,!..#-,O]:85787,I)3<8(,!$J,Z,72:2,B2)8,257,(8Q*)87,Z%e\F,#-"
I)3<8(,!$J,Z,2;8,421*B(2:*'5,<(';(2&-,\5G,`-,D:3*Q8(,257,%-,e'5;,IO7*:'()J+,Z21*B(2:*'5
!..#-,E27*'42(B'5-,%&8(*425,C'3(521,'?,D4*8548+,W8@,N2Q85+,ZU+,d5*:87,D:2:8)+,<<-
L!/KL#"-

D:3*Q8(+, `-, 8:, 21-+, !..R-, \WUZ%e.R, (27*'42(B'5, 2;8, 421*B(2:*'5+, L$+"""K", 421, FY-
E27*'42(B'5+,$"I#JG,!"$!K!"R#-

DX2(8A+,E-+,L""!-,F*'7*Q8()*:6,257,B*';8';(2<=6,'?,(8485:,B85:=*4,?'(2&*5*?8(21,2))8&B12;8)
*5,:=8,)'3:=K@8):8(5,D'3:=,Z=*52,D82,ID3572,D=81?J-,^'4:'(21,U=8)*)+,d5*Q8()*:g:,V*81+
V*81+,LS#,<<-

DX4X34p5)A*+,[-,257,D:2::8;;8(+,V-+,L""!-,D:2618,257,(2:8,'?,)=81?,)87*&85:2:*'5,'??)='(8,W=2
U(25;+,h*8:52&+,D'3:=,Z=*52,D82-,`865*252+,/#G,!$#K!HL-

U2+, U-V-a-+,W;3685+, h-e-+, U2:8*)=*+,`-+, V'B262)=*+, \-, 257, D2*:'+, T-+, L""L-, N'1'4858, 781:2
8Q'13:*'5, 257, )87*&85:, 7*)4=2(;8, '?, :=8, `8A'5;, E*Q8(+, )'3:=8(5, h*8:52&-
P32:8(52(6,D4*8548,E8Q*8@)+,*5,<(8))-

U2<<'55*8(+, E-+, Y81:X8(+, 0-+, e8+, ^-%-T-+, %(&*b'+, E-, 257, Z'BB'17+, Y-+, !.RL-, Y('<2;2:*5;
8]:(3)*'5, :84:'5*4), *5, %)*2>, 58@, *5)*;=:), ?('&, )*&<18, 8]<8(*&85:), @*:=, <12):*4*58-
08'1';6,IF'3178(J+,!"I!LJG,H!!KH!H-

U'6+,U-C-+,!.RL-,%44818(2:87,8(')*'5>,<('48))+,<('B18&)+,257,<(';5')*)-,08'1';6, IF'3178(J+
!"I!"JG,/L$K/L.-

dWOY+, \-N-Y-+, !..$-, h*8:52&, N67('&8:8'('1';*421, %:12)-, h*8:52&, W2:*'521, Z'&&*:88+
N25'*-

h2*1+,Y-E-+,%378&2(7+,c-+,F'@&25+,D-%-+,O*)58(+,Y-W-,257,Y8(8X+,Z-0-+,!..!-,U=8,):(2:*;(2<=*4
)*;52:3(8),'?, :84:'5*4)+,83):246,257,)87*&85:'1';6>,25,'Q8(Q*8@-, \5G,0-,O*5)818+,[-
E*4A85,257,%-,D8*124=8(,IO7*:'()J+,Z6418),257,8Q85:),*5,):(2:*;(2<=6-,D<(*5;8(,h8(12;+
F8(1*5+,c878(21,E8<3B1*4,'?,08(&256+,<<-,H!SKH/.-

h2*1+,Y-E-+,N2(785B'1+,C-,257,U'77+,E-0-+,!.R$-, C3(2))*4,354'5?'(&*:*8)+,4=('5'):(2:*;(2<=6+
257, )82K18Q81, 4=25;8), ?('&, )8*)&*4, ):(2:*;(2<=6, 257, B*'):(2:*;(2<=6-, \5G, C-D-, D4=188
IO7*:'(J+,\5:8((8;*'521,354'5?'(&*:*8),257,=67('42(B'5,2443&312:*'5-,%%Y0,`8&'*(-
%&8(*425, %))'4*2:*'5, '?, Y8:('183&, 08'1';*):)+, U31)2+, aV+, d5*:87, D:2:8)+, <<-, !L.K
!$$-

h25+,[-C-Z-+, !.RR-, D8938548), 257,<2(2)8938548), *5, )*1*4*412):*4, ('4A)-, \5G,^-Y-, C2&8), 257
^-%-,e84A*8,IO7*:'()J+,D8938548)+,):(2:*;(2<=6+,)87*&85:'1';6>,)3(?248,257,)3B)3(?248-
`8&'*(,K,Z2527*25,D'4*8:6,'?,Y8:('183&,08'1';*):)-,Z2527*25,D'4*8:6,'?,Y8:('183&
08'1';*):)+,Z21;2(6+,%F+,Z25272+,<<-,/SLK/S#-

h'81A8(+,%-N-e-,8:,21-+,!..R-,Z'((812:*'5,'?,&2(*58, I)3<8(,!$J,Z,2;8), ?('&,:=8,W'(7*4,D82)
@*:=,:=8,0\DYL,*)':'<8,(84'(7>,*&<1*42:*'5),?'(,I)3<8(,!$J,Z,421*B(2:*'5,B86'57,L/,A2
FY-, \5G, [-0-, `''A, 257, 7-Y-C-, Q25, IO7*:'()J+, Y('4887*5;), '?, :=8, !H:=, *5:8(52:*'521
(27*'42(B'5,4'5?8(8548>,Y2(:,!-,E27*'42(B'5-,d5*Q8()*:6,'?,%(*X'52+,^8<2(:&85:,'?
08')4*8548)+,U34)'5+,%M+,d5*:87,D:2:8)+,<<-,/!SK/#$-

[21:8(+,N-C-+,N8;58(+,O-+,^*8A&255+,F-+,V3=5+,0-,257,E3:;8()+,Q-7-e-`-`-+,L"""-,Y('Q852548
257,:(25)<'(:,'?,:8((*;85'3),)87*&85:,*5,:=8,D'3:=,%:125:*4,a4825,257,:=8*(,(812:*'5)
:', ;124*21, 257, *5:8(;124*21, 46418)>, W7, 257, D(, *)':'<*4, 8Q*78548-, 08'4=*&*42, 8:
Z')&'4=*&*42,%4:2+,H$ILLJG,#R!#K#RLS-

[25;+, e-, 8:, 21-+, !...-, O2):, %)*25, &'5)''5, 41*&2:8, 73(*5;, :=8, 12:8, Y18*):'4858>, =*;=K
(8)'13:*'5,)87*&85:,(84'(7),?('&,:=8,D'3:=,Z=*52,D82-,\5G,`-,D2(5:=8*5,257,Y-,[25;
IO7*:'()J+, E8)<'5)8, '?,[8):, Y24*?*4,&2(;*521, )82), :', ;1'B21, 41*&2:8, 4=25;8-,`2(*58
08'1';6-,O1)8Q*8(+,%&):8(72&+,W8:=8(1257)+,<<-,L$/KLR$-
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[25;+,e-,257,[25;+,Y-+,!.."-,e2:8,P32:8(52(6,<218'4825';(2<=6,'?, :=8,D'3:=,Z=*52,D82>
;124*21K*5:8(;124*21,4'5:(2):),*5,25,8541')87,B2)*5-,Y218'4825';(2<=6+,/I!JG,SSK."-
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Table A: Sedimentological Parameters

Depth Watercontent Sandcontent TC TOC CaCO3 N C/N
[cm] [%] corr.  [%] [%] [%] [%] [%]

Core 18375-2
0 1.144 0.166 8.1 0.027 6
5 15.7 84.9

60 25.3 55.1 0.346 0.096 2.1
110 15.1 66.1 0.083
159 36.5 2.1 0.882 0.805 0.6 0.068 12
220 22.9 1.3 0.158 0.061 0.8
275 32.1 1.6 0.566 0.464 0.8 0.037 13
325 29.7 3.2 0.445 0.137 2.6

Core 18376-2
0 0.920 0.122 6.6

30 20.6 92.6 1.132 0.108 8.5
75 31.3 97.1 0.562 0.145 3.5
130 44.4 14.8 0.703 0.556 1.2 0.035 16
180 25.1 7.6 0.617 0.536 0.7 0.039 14
230 44.1 10.9 0.672 0.481 1.6 0.041 12
280 41.2 3.4 0.618 0.526 0.8 0.042 13
340 25.8 54.6 0.267 0.260 0.1
375 17.8 79.2 0.534 0.180 2.9
425 44.2 11.4 0.619 0.450 1.4 0.037 12
450 28.8 76.7 0.585 0.150 3.6

Core 18377-2
30 46.1 11.6 0.631 0.546 0.7 0.026 21
92 45.9 3.6 0.679 0.543 1.1 0.033 17
150 36.2 26.3 0.796 0.451 2.9 0.028 16
226 15.2 89.1 0.235 0.185 0.4 0.017 11
282 25.6 86.7 0.192 0.063 1.1
345 26.0 88.5 0.185 0.088 0.8 0.008 11

Core 18389-3
0 0.665 0.096 4.7

10 25.1 86.8 0.654 0.152 4.2
50 30.6 59.3 0.791 0.506 2.4 0.046 11
90 75.6 11.8 2.009 1.007 8.3 0.067 15
150 69.5 23.0 1.528 1.477 0.4 0.077 19
183 65.4 5.9 3.210 3.560 -2.9 0.111 32
210 53.7 4.4 1.916 2.179 -2.2 0.081 27
260 66.7 4.0 3.404 3.726 -2.7 0.113 33

Core 18391-2
0 63.8 1.758 0.407 11.3 0.060 7

20 43.3 1.922 0.324 13.3 0.047 7
40 45.8 65.1
60 44.6 67.5
70 1.581 0.257 11.0 0.034 7
80 35.1 75.4
100 42.5 70.5
120 36.1 1.339 1.055 2.4 0.201 5
140 34.1 71.0
160 32.0 76.8
170 1.311 1.227 0.7 0.231 5
180 30.9 77.3
200 29.7 79.7
220 31.6 1.149 0.987 1.4 0.187 5
240 29.6 78.5
260 31.9 74.4
270 1.257 1.152 0.9 0.226 5
280 31.1 76.1
320 33.0 72.3 1.305 0.914 3.3 0.172 5
340 37.4 61.0
360 50.2 28.6
370 1.171 2.082 0.416 5
380 82.9 3.0
420 62.1 1.026 2.003 0.390 5

Core 18393-3
0 3.380 0.295 25.7 0.045 7

10 11.2 72.0 4.314 0.231 34.0 0.023 10
60 17.5 74.3 2.880 0.133 22.9
110 22.1 76.5 2.503 0.155 19.6
170 23.5 45.8 0.812 0.245 4.7
230 20.9 41.6 0.800 0.233 4.7 0.020 12
270 32.5 37.9 0.884 0.267 5.1 0.025 11
350 18.7 38.3 0.812 0.235 4.8 0.033 7
410 19.5 49.5 0.856 0.199 5.5 0.031 6
470 23.6 35.2 1.054 0.238 6.8 0.032 8

Core 18396-3
0 1.189 0.703 4.1 0.090 8
8 56.8 7.2 1.027 0.417 5.1 0.045 9

50 48.5 1.9 0.797 0.500 2.5 0.049 10
150 44.7 15.0 0.833 0.488 2.9 0.048 10
250 34.5 36.3 0.803 0.419 3.2 0.046 9
350 37.7 15.3 0.775 0.476 2.5 0.032 15
450 40.3 5.7 0.811 0.517 2.5 0.040 13



Table A: Sedimentological Parameters (cont.)

Depth Watercontent Sandcontent TC TOC CaCO3 N C/N
[cm] [%] corr.  [%] [%] [%] [%] [%]

Core 18397-2
0 1.660 0.902 6.3 0.109 8

10 100.1 2.5 1.75 0.969 6.5 0.112 9
40 86.2 1.9
60 89.4 1.4
80 87.2 3.7
100 109.7 4.8 1.763 0.958 6.7 0.102 9
140 76.5 3.9
160 75.9 4.4
180 83.8 4.0
200 82.4 3.4 1.954 0.797 9.6 0.083 10
240 79.2 10.4
260 72.0 6.1
280 67.9 10.7
300 68.2 9.1 2.007 0.688 11.0 0.074 9
340 70.9 4.7
360 72.6 5.8
380 67.5 7.4
400 69.3 5.7 1.842 0.666 9.8 0.070 9
440 86.0 5.6 1.767 0.812 8.0 0.067 12
460 65.0 22.8 1.802 0.914 7.4 0.095 10
480 68.1 16.5 1.913 0.632 10.7 0.064 10
500 26.7 0.9 1.231 0.215 8.5 0.032 7

Core 18398-3
0 1.480 1.016 3.9 0.124 8

10 87.4 6.6 1.407 0.858 4.6 0.096 9
60 65.2 5.8 1.454 0.868 4.9 0.096 9
110 71.5 4.2 1.411 0.848 4.7 0.094 9
160 80.0 5.5 1.389 0.833 4.6 0.092 9
210 76.3 4.7 1.425 0.799 5.2 0.086 9
260 73.3 5.2 1.373 0.814 4.7 0.088 9
310 67.5 6.6 1.433 0.771 5.5 0.081 9
360 68.5 6.0 1.386 0.779 5.1 0.084 9
410 68.6 6.0 1.416 0.763 5.4 0.085 9
460 68.8 4.6 1.407 0.813 4.9 0.089 9
535 61.4 6.3 1.465 0.780 5.7 0.081 10
585 52.7 7.0 1.446 0.715 6.1 0.074 10
660 47.1 16.0
710 45.6 8.9 1.200 0.383 6.8 0.051 7

Core 18401-3
0 6.3 1.634 0.769 7.2 0.105 7

10 77.2 13.6 1.634 0.653 8.2 0.044 15
20 71.6
40 74.6
60 68.5 11.7 1.577 0.649 7.7
80 72.0
100 68.7 12.4
110 64.5 16.6 1.675 0.569 9.2
120 76.0 8.4
140 68.1 20.9
160 65.5 4.3 1.436 0.585 7.1
180 65.4 19.9
200 66.2 15.5
210 66.5 16.5 1.630 0.590 8.7
220 67.4 19.0
240 63.1 16.1
260 61.3 17.0 1.630 0.591 8.7 0.068 9
280 63.8 15.1
300 59.6 20.5
310 62.6 15.0 1.633 0.596 8.6 0.068 9
320 63.2 16.4
340 62.8 17.5
360 62.4 22.7 1.672 0.587 9.0 0.070 8
380 66.0 12.8
400 64.2 14.5
410 58.4 21.2 1.946 0.488 12.2 0.056 9
420 64.8 14.1
440 66.3 13.4
460 55.9 15.1 1.699 0.485 10.1 0.059 8
480 62.8 14.8
500 63.7 12.4
510 57.1 22.0 1.820 0.491 11.1 0.057 9
520 56.2 20.5
540 60.8 18.9
560 52.0 18.5 1.738 0.482 10.5 0.057 8
580 47.2 31.2

591geochem 42.1
600 56.4 31.7
610 50.9 5.2 0.792 0.360 3.6 0.050 7
620 56.3 8.3
640 54.2 9.3
660 48.7 13.1 0.904 0.352 4.6 0.047 8
680 50.4 11.6
700 46.5 16.3



Table A: Sedimentological Parameters (cont.)

Depth Watercontent Sandcontent TC TOC CaCO3 N C/N
[cm] [%] corr.  [%] [%] [%] [%] [%]

Core 18404-3
0 3.570 0.278 27.4 0.045 6

10 50.9 46.5
60 49.8 46.0
80 41.9 50.7 3.221 0.364 23.8 0.048 8
100 48.1 43.9 3.519 0.384 26.1 0.049 8
110 42.7 50.8
120 36.3 58.5
140 39.4 54.0 3.593 0.339 27.1 0.046 7
160 36.5 56.5
180 32.8 66.1 4.559 0.168 36.6 0.025 7
200 34.2 58.2 3.850 0.316 29.4 0.031 10
210 35.0 62.6
220 30.5 74.1
240 31.5 80.6 3.630 0.161 28.9 0.014
260 18.2 81.1
280 36.9 0.5 1.202 0.330 7.3 0.031 11
300 34.9 0.7 1.071 0.340 6.1 0.033 10
310 34.0 0.3
320 33.4 1.3
340 35.0 0.9 1.141 0.399 6.2 0.033 12
360 33.1 0.5

Core 18405-3
0 1.991 0.509 12.3 0.074 7

10 52.7 2.7 0.899 0.400 4.2 0.049 8
20 45.5 0.5
50 60.4 1.3 1.005 0.521 4.0 0.062 8
100 45.3 1.9 0.817 0.355 3.8 0.044 8
150 49.6 2.4 0.938 0.399 4.5 0.052 8
250 42.8 2.3 0.864 0.353 4.3 0.045 8
300 47.3 1.5 0.907 0.413 4.1 0.057 7
350 43.8 5.5 0.901 0.376 4.4 0.051 7
400 44.1 4.7 0.852 0.400 3.8 0.053 8
450 44.4 2.4 0.907 0.435 3.9 0.087 5
500 44.7 2.6 0.892 0.418 3.9 0.083 5

Core 18408-3
0 1.810 0.675 9.5 0.089 8

10 90.7 7.4 1.528 0.751 6.5 0.114 7
60 80.2 14.2 1.618 0.683 7.8 0.126 5
110 69.7 15.3 1.585 0.654 7.8 0.093 7
180 62.3 28.8 1.984 0.486 12.5 0.072 7
240 56.3 4.4 0.891 0.409 4.0 0.065 6
390 53.5 0.2 0.752 0.415 2.8 0.067 6
440 49.8 1.2 0.690 0.388 2.5 0.063 6
540 54.5 0.8 0.752 0.431 2.7 0.070 6
640 33.4 0.2 0.757 0.422 2.8 0.052 8
740 35.3 1.1 0.711 0.389 2.7 0.052 8

Core 18409-3
0 4.4 0.907 0.644 2.2 0.089 7

30 67.8 6.2 0.942 0.470 3.9 0.057 8
130 64.1 5.4 0.990 0.591 3.3 0.065 9
230 54.4 4.5 0.914 0.509 3.4 0.052 10
330 58.1 1.9 1.104 0.648 3.8 0.071 9
430 55.4 2.6 1.058 0.634 3.5 0.068 9
530 39.8 34.3 1.363 0.429 7.8 0.054 8

560geochem 3.7

Core 18414-3
0 0.298 0.119 1.5

10 35.3 0.536 0.120 3.5 0.014 9
20 29.3 54.6 0.513 0.228 2.4 0.016 14
40 41.5 33.4 0.918 0.612 2.5 0.040 15
60 29.6 56.0 0.858 0.383 4.0 0.023 17
80 33.3 54.3 1.426 0.474 7.9 0.028 17
100 43.3 37.8 1.004 0.610 3.3 0.034 18
110 36.5 0.914 0.450 3.9 0.030 15
120 36.0 48.2 0.934 0.409 4.4 0.021 20
140 37.2 44.2 0.825 0.407 3.5 0.020 20
160 39.3 53.0 0.986 0.430 4.6 0.019 23
180 30.6 70.5 0.805 0.364 3.7 0.023 16
200 44.2 38.9 1.194 0.357 7.0 0.024 15
220 32.9 1.193 0.489 5.9 0.027 18
240 43.7 37.4 0.916 0.366 4.6 0.024 16
260 39.3 46.7 0.977 0.379 5.0 0.024 16
280 37.8 47.0 1.147 0.574 4.8 0.032 18
300 34.0 40.2 0.862 0.377 4.0 0.025 15
320 39.5 1.017 0.434 4.9 0.031 14
340 41.0 40.7
360 37.8 43.7 1.050 0.414 5.3 0.024 17
380 38.1 65.3 1.726 0.390 11.1 0.024 16
400 42.0 47.2 0.951 0.425 4.4 0.026 16
420 40.1 0.878 0.494 3.2 0.030 16
440 43.0 32.0 1.051 0.541 4.2 0.034 16

Core 18415-2
0 1.330 1.020 2.6 0.103 10

50 31.3 60.7 2.319 0.462 15.5 0.034 13
150 33.7 68.1 0.538 0.253 2.4 0.023 11
250 34.7 60.8 0.480
350 42.0 34.9 0.594 0.230 3.0 0.023 10
450 44.7 26.9 0.626 0.359 2.2 0.036 10
550 46.4 14.8 0.666 0.407 2.2 0.049 8



Table A: Sedimentological Parameters (cont.)

Depth Watercontent Sandcontent TC TOC CaCO3 N C/N
[cm] [%] corr.  [%] [%] [%] [%] [%]

Core 18416-2
0 95.3 3.355 0.093 27.2 0.005 20

10 34.8 3.006
20 59.1 18.7 1.029 0.285 6.2 0.045 6
40 60.7 7.9
60 59.6 15.0
80 59.4 0.610 0.308 2.5 0.048 6
100 47.5 9.3
120 55.5 4.8
140 55.7 2.5
160 57.2 4.5
180 56.4 0.544 0.290 2.1 0.044 7
200 59.8 4.0
220 58.8 0.5
240 65.9 0.8
260 61.5 1.9
280 55.7 0.567 0.300 2.2 0.047 6
300 64.8 1.1
320 55.4 3.1
340 48.7
360 58.0 2.5
380 49.8 5.3 0.523 0.261 2.2 0.041 6
400 56.7 1.3
420 49.6 5.1
440 48.9 6.9
460 45.7 5.0
480 41.4 0.715 0.261 3.8 0.036 7
490 1.3
500 43.8 2.6

Core 18417-3
0 1.141 0.187 7.9 0.033 6

10 33.7 70.7 1.624 0.263 11.3 0.041 6
110 38.4 36.7 0.759 0.291 3.9 0.042 7
210 41.7 14.3 0.944 0.293 5.4 0.040 7
350 38.8 9.1 0.785 0.271 4.3 0.036 7
450 38.6 5.2 0.884 0.406 4.0 0.049 8
570 39.7 2.5 0.805 0.315 4.1 0.041 8
700 42.6 1.5 0.831 0.355 4.0 0.047 8
790 47.4 0.7 0.863 0.425 3.6 0.056 8

Core 18419-3
0 2.180 0.402 14.8 0.057 0

30 61.6 38.7 1.941 0.486 12.1 0.058 0
130 49.7 48.9 1.670 0.346 11.0 0.043 0
230 61.2 1.5 0.925 0.381 4.5 0.048 0
330 62.6 1.2 0.769 0.362 3.4 0.048 0
430 68.5 0.9 0.676 0.351 2.7 0.050 0
530 58.0 1.4 0.708 0.372 2.8 0.055 0
630 43.8 4.1 0.789 0.340 3.7 0.044 0

Core 18420-2
0 1.497 0.610 7.4 0.076 8

40 69.4 42.6 1.830 0.470 11.3 0.060 8
140 60.0 46.5 1.860 0.217 13.7 0.028 8
240 47.3 60.0 1.634 0.346 10.7 0.043 8
340 43.0 66.5 1.279 0.330 7.9 0.040 8
440 37.1 62.0 1.082 0.239 7.0 0.034 7
540 50.9 6.5 0.938 0.411 4.4 0.052 8

Core 18422-3
0 1.716 0.395 11.0 0.060 7

20 37.1 72.8 2.276 0.223 17.1 0.034 7
40 37.6 52.4
60 73.5 27.6
90 50.8 10.5
110 47.7 8.3
120 43.8 14.4 0.638 0.329 2.6 0.039 8
130 50.4 11.7
150 43.3 14.7
170 35.2 33.5
190 45.6
210 41.9
220 55.1 7.3 0.553 0.335 1.8 0.047 7
230 34.4 7.2
250 41.3 3.4
270 45.4 7.1
290 30.3
310 49.0
320 44.7 10.7 0.473 0.295 1.5 0.039 8
330 45.8
350 46.3
370 49.7
390 36.0
410 48.0 0.3
420 45.3 3.2 0.450 0.320 1.1 0.039 8
430 46.5 0.2
450 48.7 0.5
470 40.4 1.4
490 47.2
510 45.9
520 51.4 3.5 0.459 0.353 0.9 0.041 9
530 57.1
550 47.1



Table A: Sedimentological Parameters (cont.)

Depth Watercontent Sandcontent TC TOC CaCO3 N C/N
[cm] [%] corr.  [%] [%] [%] [%] [%]

Core 18423-2
0 2.530 0.327 18.4 0.051 6

10 66.2 11.3
30 59.2 10.1 0,7861 0.520 2.2 0.049 11

46.5geochem 87.6
60 67.9 4.0
80 54.0 26.4
100 50.4 10.9
120 38.6 1.1
130 38.6 4.0 1,1394 0.288 7.1 0.041 7
140 38.2 5.3
160 34.4 4.0
180 36.7 1.5
200 37.0 0.5
220 36.2 0.3
230 34.6 4.4 1,1688 0.317 7.1 0.048 7
240 36.1 1.0
260 36.7 1.2
280 48.2 1.7
300 55.9 1.9
320 56.1 3.2
330 36.9 2.3 1,2051 0.320 7.4 0.046 7
340 36.0 1.2
360 32.6 1.0
380 34.8 1.2
400 38.4 1.5
420 38.5 0.6
430 35.4 2.7 1,1595 0.307 7.1 0.045 7
440 35.7 0.8
460 38.6 0.6
480 37.7 0.9
500 38.3 0.3
520 37.2 0.4
530 34.9 2.5 1,1745 0.343 6.9 0.049 7
540 36.0 1.0

Core 18424-2
0 1.820 0.780 8.7 0.113

50 55.1 1.3 0.500 0.397 0.9 0.043 9
150 57.9 4.0 0.516 0.460 0.5 0.051 9
250 60.0 2.8 0.514 0.489 0.2 0.053 9
350 62.3 0.4 0.572 0.530 0.3 0.060 9
455 58.8 6.6 0.556 0.515 0.3 0.061 8
550 44.2 7.9 0.762 0.411 2.9 0.047 9

Core 18425-2
0 1.974 0.620 11.3 0.091 7

20 50.3 22.4 0.557 0.435 1.0 0.042 10
120 51.2 15.5 0.470 0.396 0.6 0.040 10
220 52.2 6.6 0.517 0.459 0.5 0.046 10
320 52.3 5.9 0.616 0.516 0.8 0.048 11
420 60.1 0.562 0.466 0.8 0.051 9
520 58.5 0.572 0.495 0.6 0.054 9

Core 18426-2
0 2.084 0.446 13.6 0.070 6

10 47.2 3.296 0.259 25.3 0.042 6
20 46.3 66.3
40 47.6 50.3
60 51.9 46.6
80 39.7 1.937 0.362 13.1 0.038 10
100 35.6 30.0
120 35.3 12.9
140 37.5 12.5
160 34.9 1.185 0.276 7.6 0.036 8
180 33.6 19.8
200 35.0 9.8
220 36.4 8.1
240 36.1 12.4
260 37.5 1.208 0.337 7.3 0.043 8
280 33.1 6.0
300 38.8 9.6
320 33.7 5.8
340 37.8 5.6
370 34.2 1.179 0.299 7.3 0.041 7
380 31.9 5.6
400 33.5 5.5
420 34.0 4.6
440 35.9 5.6
460 42.4 6.2
480 32.9 1.219 0.289 7.7 0.039 7
500 33.1 6.1



Table B: Coarse Grain Analyses

Core Depth Planktonic Benthic Shell Lithoclasts Plant Glaucony
No  in core foraminifera foraminifera fragments fragments

[cm] [%] [%] [%] [%] [%] [%]

18375-2 5 14.9 6.1 35.4 43.6 0 0
60 19.9 7.4 47.7 23.3 1.7 0

110 0 0 3 96.5 0.5 0
159 0 0 0 0 100 0
220 0 0 0 69.8 30.2 0
275 0 0 0 0 100 0
325 0 0 0 0 100 0

18376-2 30 16.4 5.5 31.3 46.1 0.8 0
75 7.6 7 22.1 60.8 2.5 0

130 1.1 0.5 5.4 74.1 18.9 0
180 0 0 0.2 60.4 39.4 0
230 0 0 0.7 76 23.3 0
260 0 0 1.7 69.4 28.9 0
340 0 0.3 6.2 87.9 5.6 0
375 0 0 0.8 98.5 0.7 0
425 0.8 0.8 5.7 59.5 33.3 0
450 2.3 4.6 53.9 38.3 0.9 0

18377-2 30 0 0 1.3 43.8 54.9 0
92 0 0.3 1.4 64.2 34.1 0

150 0 0 2.1 89.1 8.8 0
226 0 0 5.1 90.3 4.6 0
282 0 0 1.2 92.4 6.5 0

18389-3 10 0.2 2.9 2.4 94.5 0 0
50 0.6 1.2 6.8 91 0.3 0
90 0 1.7 2.1 82.6 13.6 0

150 0 0.6 1.2 85 13.2 0
183 0 0 0 0 100 0
210 0 0 0.5 9.5 90 0
250 0 0 0 0 100 0

18391-2 40 15.4 10.2 74.4 0 0 0
140 29.8 15.8 54.4 0 0 0
240 16.5 9.7 73.8 0 0 0
320 11.8 16.0 70.2 1.9 0 0
380 6.0 32.6 42.7 18.7 0 0

18393-3 10 4.8 8.2 65.3 21.8 0 0
60 4.1 9.0 71.3 15.6 0 0

110 8.5 12.4 47.1 26.8 0 0
170 5.8 20.6 70.3 1.9 1.3 0
270 1.4 13.0 49.3 14.5 21.7 0
350 2.6 26.4 53.4 0 17.6 0
470 3.6 26.4 64.8 0 5.2 0

18396-3 8 0.9 4.7 23.6 67.4 3.4 0
50 8.1 16.9 54.6 16.9 3.4 0

150 1.1 2.3 25.6 56.9 14.1 0
250 0.7 2.3 7.6 87.4 2.1 0
350 0.1 1.3 16.2 52 30.3 0
450 0.3 0.7 3.9 7.8 87.3 0

18397-2 10 2.3 5.7 89.8 1.1 1.1 0
100 4.9 6.6 88.5 0 0 0
200 4.1 15.5 76.8 3.6 0 0
300 1.9 13.5 61.5 20.4 2.7 0
400 6.9 10.3 74.5 8.3 0 0
460 0 2.1 20.1 76.4 1.4 0
500 40.7 27.1 32.2 0 0 0

18398-3 10 9.1 27.3 63.6 0 0 0
160 26.5 28.6 40.8 0 4.1 0
310 17.6 13.2 58.2 0 11 0
460 15.2 15.2 66.3 0 3.3 0
585 22.2 21.3 56.5 0 0 0
660 22.7 17.3 60 0 0 0
710 21.3 18.7 55.5 0 4.5 0

18401-3 10 8.6 18.6 59.3 10.5 3 0
60 17.6 21.3 58.1 0.3 2.7 0

110 14.3 16.5 62.2 7 0 0
160 23.2 14.1 61.1 0.5 1.1 0
210 20.4 9.5 66.4 1.9 1.9 0
260 31.7 24.6 41.9 0.6 1.2 0
310 17.3 16.8 65.9 0 0 0
360 15.6 16.4 65.3 1.3 1.3 0
410 25.5 21.3 52.6 0 0.6 0
460 12.8 17.8 67.6 0.9 0.9 0
510 27.2 37.6 35.2 0 0 0
560 22.1 12.8 64.5 0 0.6 0
610 17.8 42.3 38.8 0 1.1 0
660 16.2 49.4 32.5 0 1.9 0



Table B: Coarse Grain Analyses (cont.)

Core Depth Planktonic Benthic Shell Lithoclasts Plant Glaucony
No  in core foraminifera foraminifera fragments fragments

[cm] [%] [%] [%] [%] [%] [%]

18404-3 10 1.3 11.2 51 35.3 1.3 0
60 8.2 14.7 37.9 39 0.3 0

110 7 10.7 44.2 38.1 0 0
160 3.8 15.1 40.6 40.1 0.5 0
210 3.4 15.5 38.4 42 0.7 0
260 2.3 4.6 53.9 38.3 0.9 0
310 9.5 18.9 6.5 44.8 20.4 0

18408-3 10 10.2 6 73.6 0 10.2 0
60 7.2 12.9 76.4 0 3.4 0

110 12 13 67.9 0 7 0
160 10.8 11.7 70.3 0.6 2.5 4.1
240 8.4 11.1 72.8 0 3.1 4.6
340 2.8 11.1 25 26.9 34.3 0
440 8.7 12 9.8 49.7 19.7 0
540 1.2 23.5 18.5 29.6 27.2 0
640 8 18 58 8 8 0
740 0.7 8.6 12.9 52.9 25 0

18409-3 30 1.4 21.3 74.9 2.4 0 0
130 1.7 25.7 69.7 2.9 0 0
230 2.4 25.6 68 2.4 1.6 0
330 5.2 27.8 56.7 2.1 8.2 0
430 3.4 20.7 74.7 0.8 0.4 0
530 1.5 2.4 16.7 79.4 0 0

18414-3 10 5.7 11.3 69.7 13.4 0 0
110 3.7 14 73.8 1 7.5 0
210 4.1 7.9 75.4 0 12.6 0
350 3 3.3 55 0 38.7 0
450 2.8 5 41.4 0 50.8 0
570 1.3 2.6 39.7 0 56.4 0
700 0.4 4.4 52.2 0 43 0
790 0 5.4 28.3 0 66.4 0

18415-2 50 0 3.4 10.9 84.8 0.9 0
150 1.4 8.7 42.0 42.9 5.0 0
250 0.8 13.2 68.6 9.9 7.4 0
350 3.2 12.2 72.5 3.2 9.0 0
450 3.0 12.4 61.2 0 23.4 0

18416-2 10 1.3 5.7 43.0 50.1 0 0
80 3.9 16.0 64.5 1.7 13.9 0

180 2.3 7.3 61.7 6.3 22.3 0
280 3.2 10.3 70.4 0.6 15.4 0
380 4.8 17.3 59.0 1.0 18.0 0
480 3.2 12.6 66.6 0.2 17.4 0

18417-3 10 5.7 11.3 69.7 13.4 0 0
110 3.7 14.0 73.8 1 7.5 0
210 4.1 7.9 75.4 0 12.6 0
350 3.0 3.4 55.0 0 38.7 0
450 2.8 5.0 41.4 0 50.8 0
570 1.3 2.6 39.7 0 56.4 0
700 0.4 4.4 52.2 0 43.0 0
790 0 5.4 28.3 0 66.4 0

18419-3 30 13.5 10.7 67.9 6.6 1.3 0
130 15.7 13.4 56.2 12.1 2.6 0
230 6.7 13.3 44.4 27.4 8.1 0
330 13.8 9.3 49.7 22.6 4.5 0
430 17.4 9.3 34.7 31.4 7.2 0
530 7.7 6.3 40.8 37.6 7.5 0
630 1.6 6.9 39.5 35.8 16.3 0

18420-2 40 8.3 15.2 72.5 4 0 0
140 7.1 13.1 77.6 2.2 0 0
240 6.3 12 79.9 1.5 0.3 0
340 5.6 10.2 82.4 1.8 0 0
440 6.1 10.6 80.7 1.8 0.8 0
540 11.5 29.5 39.3 4.1 15.6 0

18422-3 20 6.7 7.3 25.6 60.4 0 0
120 1 5.6 21.3 18.8 53.3 0
220 0.6 5.1 35 5.1 54.2 0
320 0 8.8 23.9 6 61.3 0
420 0 2 11 12 75 0
520 0 3.4 11.8 6.7 78.2 0



Table B: Coarse Grain Analyses (cont.)

Core Depth Planktonic Benthic Shell Lithoclasts Plant Glaucony
No  in core foraminifera foraminifera fragments fragments

[cm] [%] [%] [%] [%] [%] [%]

18423-2 30 1.3 15.3 9.3 45.3 28.8 0
130 2.8 12 12.8 66.8 5.6 0
230 0.4 4.5 17.9 74 3.3 0
330 3.6 13.3 56.4 17.9 8.7 0
430 6.8 9.5 80.4 2 1.4 0
530 2 9.4 87.2 1.3 0 0

18424-2 50 0 5.3 10.6 38.2 45.9 0
150 0 0 3.8 93.4 2.8 0
250 0 0.8 9.4 86.2 3.5 0
455 0 2.4 4.8 82.9 10 0
550 0 3 9.1 80 7.9 0

18425-2 20 3.1 14.3 30.8 10.1 41.7 0
120 0.4 4.2 20.1 6 69.3 0
220 0 4.8 4.1 0 91.2 0
320 0 6.5 7.3 0 86.1 0

18426-2 80 0 9.6 26.8 29.9 8.5 25.4
160 0 3.7 19.2 52.4 6.3 18.4
260 1.8 13.6 7.7 12.7 64.3 0
370 2.5 17.5 12.3 5.3 62.5 0
480 0.4 11.1 16.4 0 72 0



Table C: Oxygen isotopic composition of benthic 
foraminifera of cores 18414-3 and 18416-2

Core 18414-3 depth in core δ18O δ18O
Fraction 250-500µm [cm] Nonion sp. Elphidium sp.

[‰] [‰]

20 -1.78 -1.78
40 -1.69 -1.94
60 -1.57 -2.35
80 -1.86 -1.77
100 -1.53 -1.87
120 -1.43 -1.60
140 -1.57 -1.56
160 -1.39 -1.69
180 -1.65 -1.62
200 -1.47 -1.70
240 -1.46 -1.49
260 -1.52 -1.40
280 -1.40 -1.51
300 -1.39 -1.66
320 -1.38 -1.40
360 -1.54 -1.54
380 -1.63 -1.69
400 -1.48 -1.39
440 -1.29 -1.71

Core 18416-2 depth in core δ18O δ18O
Fraction 250-500µm [cm] Nonion sp. Elphidium sp.

[‰] [‰]

20 -1.15
60 -1.48
100 -1.76
100 -1.34
120 -1.38 -0.65
120
160 -0.64 -1.11
200 -1.28 -1.47
200 -0.89
220 -0.83
260 -1.18 -1.79
260 -1.37
300 -1.49
360 -1.60 -0.82
360 -2.37
380 -1.12
400 -0.81
500 -1.22 -0.83
500 -0.96 -1.24
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Late Pleistocene forced regression deposits on the Sunda Shelf (SE Asia) 
 

Abstract  Regressive deposits from the central Sunda Shelf (SE Asia) were investigated by 
seismic surveying and on sediment cores. The stratigraphic resolution is favoured by the low 
shelf gradient and featured by a strong focused sediment supply during periods of lower sea 
level. Three types of regressive deposits have formed over the past fifty thousand years: (i) 
Thick lens-shaped foresetting sediment ‘bodies’ up to 30 km wide which fill slight depressions; 
(ii) Thin horizontally bedded deposits between the ‘bodies’; (iii) A thick sediment wedge on the 
outer shelf and at its margin, showing progradation (to aggradation). The sediment cores 
reached the upper parts of the regressive deposits and contain a regressive-transgressive suc-
cession comprising terrestrial, tidal and shallow-marine facies. 
The sediment ‘bodies’ are interpreted as detached regressive deposits due to the interplay of 
low gradient and minor sea-level fluctuations, which resulted in the reduction of accumulation 
space and local stacking deposits.  
By dating plant remnants, a sea-level envelope was determined, showing differences to estab-
lished sea-level records: (i) sea level was slightly lower during 50 to 40 kyr; (ii) the rapid drop 
leading to the last glacial maximum lowstand appeared a few kyr earlier; (iii) the low-stand was 
not deeper than –120 m. 

 
Keywords  Forced regression · siliciclastic shelf deposits · sea-level changes · Late Pleistocene · Sunda Shelf · 
facies analysis · seismic survey 
 
 

Introduction 
 
When significant fluvial sediment supply continuously reaches the coastline over a long 
period, the changes in water level of the recipient water body (e.g., ocean) are the main fac-
tor in determining whether and how prograding deposits build up. If sea level remains sta-
ble, the sedimentary system progrades with clinoforms basinward and forms an extended 
delta system including submarine (pro-) delta fans. In contrast, sea-level lowering reduces 
the available accommodation space, forcing the depositional system to shift basinward with 
downward stepping tendency (Fig. 1). It also causes a massive lowering in baselevel. In ar-
eas which subsequently become exposed, the erosion of the upper parts of older, more 
proximal foresets and valley incision take place (cf. Field and Trincardi 1991; Tesson et al. 
2000; Zaitlin et al. 1994). In this case, the active river delta is restricted to a relatively nar-
row zone within the coastal area. Waves, tidal and longshore currents may additionally per-
turb the construction of a delta and lead to a wider distribution of the sediments, thus ex-
panding the lateral extent of the foresets. 
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The effect of sea-level lowering to a responding depositional system which builds up pro-
grading foreset packages is known as forced regression (Posamentier et al. 1992). Forced re-
gression deposits appear on numerous shelves worldwide as a response of fluvial deposys-
tems to past sea-level fall. A complete succession is never preserved, since erosion during 
subaerial and submarine exposure and during the subsequent transgression mostly removes 
major parts of these deposits (Field and Trincardi 1991; Sydow and Roberts 1994; Hunt 
and Tucker 1995). Thus, the relict-like preservation of sediments in bodies isolated from 
each other is common, and the existence of former morphologic depressions obviously 
favours this distribution pattern (Trincardi and Field 1991). 
 
 

Fig. 1: Schematic progradational succession of a 
siliciclastic delta system ramp, according to Hunt 
and Tucker (1995) and Posamentier and Morris 
(2000). (a) Progradation and subordinate 
aggradation during relative sea-level stability 
(normal regression). (b) Attached and (c) detached 
stepwise progradation in response to sea-level 
lowering (forced regression). Dotted area: shoreline 
deposition. The deposits of forced regression 
systems are subsequently affected by soil 
formation and erosion due to exposure. The 
succession is further diminished by several phases 
of ravinement during the following transgression. 

 
 
The sea-level curve of the last deglacial transgression (Fig. 2a), which is derived from 
siliciclastic shoreline-related deposits from the Sunda Shelf (for references see figure), 
shows that the rate of sea-level rise varied repeatedly within time intervals lasting thousands 
or only hundreds of years. Prior to the Last Glacial Maximum (LGM; ~ 21 calibrated thou-
sands of years before present = kyr in the following), the accuracy of the generally assumed 
sea-level curves strongly decreases, since the methods employed cannot deliver the same 
precision as for the time interval after the LGM (cf. Clark et al. 2001) The oxygen isotope 
curves of global validity (e.g., Imbrie et al. 1984; Shackleton 1987) indicate several sea-level 
fluctuations during the past glacial cycle (Fig. 2b), but they do not resolve shorter variations 
and also show discrepancies of up to tens of meters during distinct time intervals. The re-
cord presented by Shackleton (1987) describes additional peaks in sea level lasting several 
thousands of years in length and tens of meters in amplitude (Fig. 2b). Records deduced 
from coral reefs (Bard 1996; Chappell et al. 1996), on the other hand, are limited by the fact 
that reef growth is strongly suppressed during phases of rapidly accelerated rates of sea-
level fall or rise. They also preferably indicate phases of relative highstands in sea level (Fig. 
2b). The past major regression after the Eemian sea-level highstand performed stepwise: 
during marine isotope stage (MIS) 5 at a relatively high level, with fluctuations around –20 
to –50 m below modern water depth, during MIS 4 at a level around –80 m and during MIS 
3 at a relatively low level with fluctuations around –50 to –90 m. MIS 2 is characterized by a 
sharp drop leading to the glacial lowstand around –120 m or deeper and a comparably 
sharp rise afterward (Fig. 2b). 

 2



Fig. 2: Sea-level curves. (a) 
Composed sea-level curve from 
the siliciclastic Sunda Shelf for the 
deglacial time interval (data from 
Geyh et al. 1979 [white circles]; 
Tjia and Fuji 1992 [ranges between 
black lines]; Hesp et al. 1998 [black 
circles]; Hanebuth et al. 2000 [grey 
circles]). Sea level rose at varying 
rates since the lowstand of the 
Last Glacial Maximum at about – 
120 m. (b) Sea-level estimations 
based on oxygen isotope 
(Shackleton 1987) and coral reef 
records (Chappell et al. 1996). 
Note the numerous minor 
fluctuations and also the gap 
between the records. Other 
oxygen isotope records also show 
remarkable biases from each other. 
 
 
 
 
 
 
 
 
 

 
High sediment supply and a low coastal plain/shelf gradient in interaction with varying 
rates in sea-level fall or rise provide a potential high resolution of the depositional succes-
sion. The analysis of a regressive sedimentary system using a set of numerous sediment cores 
should enable a reconstruction of: 
(1) the detailed shelf architecture, which has been rarely cored worldwide since the material 
is situated offshore, is poorly preserved and is often covered by younger deposits; 
(2) a sea-level curve spanning MIS 3 using tidally influenced deposits which contain organic 
macro-remnants. 
The Sunda Shelf represents the southwestern margin of the South China Sea in Southeast 
Asia (Fig. 3a). This area provides particularly well-suited conditions for studying sedimen-
tary stratigraphy. Indeed, the two most important counterparts to fluctuations in sea level 
which control the evolution of depositional strata were of extreme dimension: (1) flat shelf 
physiography as the shelf extends over 800 km and is very gently inclined, and (2) high 
sediment supply due to the huge paleo-catchment area and the high tropical precipitation 
ratio canalised by paleo-rivers (e.g., Molengraaff 1921; Tjia 1980; Hanebuth and Stattegger 
2001). The Sunda Shelf was tectonically stable during the Quaternary (Tjia 1996). Down-
lifting effects, such as compaction, subsidence, and hydro-isostatic compensation, were 
lacking or occurred only very subordinately during the relatively short time interval of the 
past tens of thousands of years (Lambeck et al. 2001). The South China Sea basin was 
much more isolated from the world’s ocean during the last glacial interval by the disappear-
ance of several ocean passages during past interglacial times. This should have led to a re-
duction of the tidal range, which spans about 2 m in average nowadays. The paleo-Sunda  
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Fig. 3: Regional overview of the Sunda Shelf in Southeast Asia. (a) Borders of paleo-

Sundaland. The greyish, hatched area roughly indicates the extension of subaerial 
exposure during the LGM. The black line shows the position of the SO-115 tran-
sect. (b) Bathymetric map of the study area. Stars display the cores which are spe-
cifically mentioned. 
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plain was drained by a large river system during exposure in latest Pleistocene times and 
flowed into the southern part of the semi-enclosed basin of the South China Sea. The run 
of one of these fluvial systems, the North Sunda River (”Molengraaff River”), intersected the 
central part of the Sunda plain. This paleo-river valley and the directly adjacent part of the 
Sunda plain is the objective of our studies. The valley cut into basinward-directed clino-
forms and made the preservation of regressive and subsequent transgressive deposits pos-
sible. The transgressive deposits were formed mainly within the direct influence of the pa-
leo-coastline (cf. Biswas 1973; Hanebuth and Stattegger 2001). The shallow-seismic (Para-
sound) survey generally shows prograding clinoforms below the transgressive cover crossing 
the entire Sunda Shelf down to the shelf break into a north-eastern direction (Wong et al. 
2001). 
 
 Core Latitude Longitude Water Recovery

number depth

18269-2 4°46'013 N 109°26'321 E 113 m 881.5 cm
18273-2 4°37'289 N 109°33'931 E 126 m 348 cm
18276-2 4°44'897 N 109°44'837 E 116 m 721 cm
18300-2 4°21'778 N 108°39'215 E 91 m 885 cm
18302-2 4°09'585 N 108°34'535 E 83 m 598 cm
18303-2 4°26'425 N 108°55'491 E 107 m 736 cm
18305-2 4°17'318 N 109°04'599 E 109 m 514 cm
18313-2 3°52'194 N 108°52'226 E 98 m 620 cm
18314-2 3°59'469 N 108°59'473 E 100 m 370 cm
18315-2 2°01'669 N 107°02'041 E 69 m 583 cm
18316-2 2°29'263 N 107°27'522 E 71 m 597 cm
18317-3 2°36'596 N 107°22'517 E 95 m 197 cm
18318-3 2°36'609 N 107°22'508 E 87 m 406 cm
18320-2 2°36'726 N 107°22'491 E 76 m 492 cm
18321-2 2°18'453 N 107°25'326 E 109 m 569 cm
18323-2 2°47'030 N 107°53'200 E 92 m 540 cm

18282-2 $ 5°14'687 N 110°14'605 E 151 m 634 cm

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tab. 1: Coordinates of the SO-115 cores relevant for this study. $ from Steinke (2001). 
 

 

Material and Methods 
 
During research cruise SO-115 (Stattegger et al. 1997), 38 gravity and vibro cores were 
taken along a transect from the shallow part of the central Sunda Shelf basinward, following 
the major incised valley structure of the ancient North Sunda River in a SE-NW direction 
(–70 to –150 m below modern sea surface). The penetration depth of the cores was up to 
14 m below the seafloor with an average recovery of about 7 m. 16 of these cores are of 
relevance for this study (Tab. 1, Fig. 3b) as the others remained bogged in transgressive 
deposits. 
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The sediments recovered were investigated using various sedimentological and geochemical 
methods to characterise and classify the different types of sedimentary facies. The applica-
tion of several analytic methods was required because the paleo-environment beyond and in 
front of the coastline and the river mouth generally shows complex patterns of facies asso-
ciation (cf. Reading 1996). Measurements of magnetic susceptibility on each core and X-ray 
radiographs of 5-mm-thick slabs made fine-scale changes in sediment composition and 
texture visible. The coarse-grain analysis of the dry-sieved fractions (63-125, 125-250, and > 
250 mm) is an effective method for specifying the quantity and quality of the material by 
counting at least 300 specimens. In general, the composition reflects both the conditions of 
the depositional environment and of the source from which the material was delivered. 
Methods such as the measurement of physical and geochemical sediment properties and 
pollen analysis give additional information to determine the paleo-environment as precisely 
as possible. Physical properties (water content, sand content, shear strength, etc.) indicate 
changes in the quality of supplied sediments and in the hydrographical and post-
depositional process loco deposition. Stable carbon isotopes measured on carbonate tests are  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 4: ‘Proxy-facies-chart’ (Schimanski et al. in prep.). The six facies used in this study are 

defined by geochemical and sedimentological parameters. The thickness of beams 

indicates the relative frequency/appearance of a parameter. 
 
 
strongly influenced by the variability of freshwater input in the nearshore environment as 
found on the Sunda Shelf. Stable carbon isotopes of organic plant material generally reflect 
the various plant associations that potentially occur in the wide coastal spectrum from 
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tropical forest to marsh and mangrove to freshwater and marine algae. Isotopic values be-
come heavier with increasing distance to the paleo-shoreline. Terrestrial vegetation is also 
reflected by the composition of pollen: the closer the environment of deposition to the 
paleo-coastline was, the higher the content of mangrove pollen. The larger the distance to 
the paleo-shoreline, the broader the pollen spectrum, indicating increasing mixture of pol-
len from different vegetational sources during transport.  
Total organic carbon content and carbonate content give evidence for the accumulation of 
organic matter and the intensity of marine influence, respectively (Hanebuth 2000).  
The combination of these methods led to a schematic ”proxy-facies chart” (Fig. 4), pre-
sented in detail by Schimanski et al. (in prep.), who have investigated facies successions of 
the transgressive system on the Sunda Shelf. 
Siliciclastic sediments, especially from nearshore environments, contain a mixture of both 
(a) fresh organic material of terrestrial and marine origin and (b) older reworked organic-
rich terrigenous and carbonate-rich marine material (cf. Stanley and Hait 2000). Therefore, 
the generation of meaningful dates requires the selection of material whose pathway from 
origin to burial is more or less understood. For age determination of the deposits, we used 
large (cm-sized), manually selected plant remnants and large benthic foraminifers (Ammo-
nia/Rotalia sp.). We preferentially chose facies which formed within an assessable relation to 
the paleo-shoreline. Residues of an acid-alkali-acid extraction were isolated to obtain better 
evidence of the true age of deposition. Hanebuth (2000) has dated separately leached humic 
acids and acid-resistant material (residue) in comparison. Humic acids always show a differ-
ent age than the residual material due to their capability for unhampered migration through 
the sediment strata. In a next analytical step, the residue material was split into different 
grain-sizes before ages were determined. The results provide a general rule: the coarser the 
organic pieces are, the younger the date is. This, in turn, implies that the detritic micro-
fibres which were concentrated to organic ”peaty” layers contain the highest amount of 
older reworked material. In contrast, single woody pieces of several centimetres in size re-
flect the most realistic age of deposition. As a consequence, we avoided dating using fine 
plant-fibre detritus or bulk sediment samples whenever possible. An estimation of the de-
gree of contamination can also be used to provide information concerning the paleo-
environment (i.e. distance to shoreline, position relative to river supply, hydrographical 
conditions, etc.). 
The AMS-14C ages were measured at the Leibniz-Labor for Radiometric Dating and Iso-
tope Research at the University of Kiel, Germany, to a precision (counting statistics and 
machine statistics) of 0.3 % for modern samples (Nadeau et al. 1997). The applicability of 
the AMS-14C method is limited by the half-life period of 14C to ~ 50 thousand years for 
organic carbon samples. Ages were calibrated using the latest version of CALIB (Stuiver et 
al. 1998). Dates prior the LGM were not calibrated (‘14C kyr’) in this study, because the cali-
bration aspect is poorly defined before 12.5 14C kyr BP (equiv. 14.7 cal. kyr BP; Stuiver et al. 
1998). Fluctuations in atmospheric 14C content (Stuiver et al. 1991) have certainly shifted 
the ages of some thousands of years towards older ages (Bard et al. 1998; Völker et al. 
1998), which can be roughly estimated but not yet reliably corrected. 
Shallow-seismic records were obtained along all profiles of the cruise using the Parasound 
shipboard system aboard the German R/V Sonne with a significant impedance contrast 
within the uppermost 80 m at a maximum.  
We principally use the ”proxy-facies chart” mentioned above (Fig. 4) to determine the fa-
cies types of the regressive deposits. The resulting facies mosaicing process includes all appropri-
ate cores in combination with AMS-14C datings (cf. Hanebuth and Stattegger 2001). This 
term points to the effort to correlate the diverse numerous facies sections into a strati-
graphic concept. The characteristic paleo-facies successions are scattered by short-lasting 
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event-like sedimentation, erosion resulting in hiatuses which comprise long-term intervals 
and general rapid lateral shifts in the paleo-environment through time. This caused the ne-
cessity of their mosaic-like combination. The procedure led finally to the general strati-
graphic concept of the regressive unit on the Sunda Shelf.  
 
 

 
 
Fig. 5: Shallow-seismic surveys (Parasound). (a) Profile from the innermost part of the SO-

115 transect. (b) Profile from the middle part. The regressive unit (grey, dashed and 
white, hatched) rests in wide depressions of underlain units (vertically lined) and is 
bordered upwards by the Late Pleistocene exposure surface [strong seismic reflec-
tor], subsequent transgressive deposits (darkish grey), and a thin Holocene blanket 
(black). The regressive unit is subdivided by an (probably fluvially) incised surface 
into a lower and an upper part. 

 
 

Results 
 
Seismic Profiles 
A number of laterally succeeding sediment bodies with basinward dipping foreset structures 
was detected by the shallow-seismic survey within the paleo-river valley, which expands up 
to 50 km in width and several decametres in depth nowadays. These bodies, up to 30 m in 
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thickness and 20 km in lateral basinward extension, fill moderate depressions in the under-
lying paleo-relief. The sediment bodies surmount the adjacencies level for some meters 
(Fig. 5). Outside the slight paleo-depressions, the regressive sediments thin out, covering an 
older progradational unit. Commonly, the regressive units are overlain by a transparent, 
bedded, or chaotically structured cover of younger sediments (post-LGM to Holocene in 
age) with additional internal reflectors (cf. Hanebuth and Stattegger, 2001). A continuous 
rigid soil horizon (see below) is indicated by a prominent reflector separating the regressive 
from the younger units. 
The regressive bodies between the underlain older progradational unit and the transgressive 
deposits can be subdivided into a lower and an upper part (Fig. 5). The lower part rests on 
the gentle depression and shows slightly inclined internal surfaces. Its upper surface is 
sharply truncated by channel-like concavities. Steeper dipping foresets and an obvious lat-
eral thinning-away at the fringes of the incised structure characterize the upper part. The 
internal beddings within the regressive bodies dip at partly steep as well as partly more gen-
tle angles and also downlap unconformably on the bottom. The top part is almost always 
sharply truncated; the onlap (or offlap sensu Plint and Nummedal 2000) segments have been 
eroded if they ever have been deposited (Fig. 6). Nevertheless, two cores (18314 and 
18315), as demonstrated below, contain sedimentary facies which formed in a tidal and in a 
terrestrial environment, respectively. There is possibly evidence that sediments of the upper 
onlap segment (Fig. 6), which extends landward of the inflection zone to the part of steeper 
inclination, has preservation potential. 
 
 

Fig. 6: Schematic section through 
a clinoform foreset. The size of the 
structure can be small-scale as well 
as of wide extension. The land-
ward-directed upper interpart de-
velops as onlap or, in the case of 
forced regression, often as offlap 
(Plint and Nummedal 2000) and is 
most affected by ensuing erosion. 
The lower interpart of the foreset 
arises as downlap. The deposits of 
the upper interpart, especially the 
offlap deposits, form in proximity to 
or within the shoreline. 

 
 
On the outer shelf in modern water depths exceeding –110 m, the regressive deposits 
thicken continuously basinward, regardless of the former topography at their base, and ob-
tain thicknesses of more than 80 m at the shelf margin (in about –180 to –220 m water 
depth). The top is continuously and intensively capped above a modern water depth of –
125 m. Foreset progradation as known from more proximal parts of the shelf platform is, 
moreover, replaced by large-scale progradational (to aggradational) patterns. The only evi-
dence of vertical movement on the entire Sunda Shelf comes from parallel vertical faults at 
the shelf margin probably caused by gravity movements due to sediment instability along 
the shelf break (Wong et al. 2001). 
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Selection of Sites Based on Seismic Survey 
Generally, deposits cover the regressive unit that belong to three younger successive stages. 
From today’s mainland down to a modern water depth of –110 m, the stiff (soil) horizon 
(1) seals the underlain regressive beds. This horizon appears as a strong reflector in the 
shallow-seismic images of the exemplarily cores presented here (Fig. 8a to c). A transgres-
sive unit (2) builds up the second younger package. The thickness is highly variable up to 
more than 10 m: it is preferably preserved in paleo-depressions such as those found in the 
widespread channel network (Fig. 8a) or as a thin but continuous blanket on plain areas 
(Fig. 8c). It is completely lacking on the former plains of the inner shelf (Fig. 8d). Here, the 
soil horizon is exposed to the sea bottom (only covered by a thin blanket of Holocene 
mud). The transgressive succession is indicated by a transparent to slightly chaotic horizon 
between the sea-bottom reflector and the reflecting soil surface. In channel fills, it also 
shows internal horizontal subreflectors (8a). A full-marine cover (3), which does not exceed 
a few decimetres in thickness, can be found in all parts of the shelf, and its thickness is just 
sufficient to be resolved by the Parasound method. 
 
Types of Facies 
The types of facies occurring in the Sunda Shelf cores can be attached to three genetic 
groups due to a general division into terrestrial, shoreline, and marine paleo-environments. All 
facies types are clearly dominated by terrigenous material, with the exception of the most 
distal deeper-marine deposits beyond the break of the respective pro-delta. The majority of 
the facies originated in nearshore environments. Table 1 shows 16 of the 38 cores taken 
along the transect which contain a facies that was deposited during the phase of sea-level 
lowering preceding the LGM (compiled in Fig. 7). Three other cores, not presented here, 
reached the stiff soil horizon without deeper penetration and five further cores, also not 
presented here, stopped right at the top of this horizon during coring due to its rigidity.  
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Fig. 7: Facies determination of the cores listed in Table 1. Horizontal lines: boundary of 

regressive to transgressive deposits. Facies of unsure classification indicated 
with ”?”. 
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Fig. 8: Exemplarily presented cores and the corresponding seismic section. Facies interpre-

tation and AMS-14C dates are shown in the first column, the relation to sea-level 
phases in the right. AMS-14C datings are given as uncalibrated 14C ages (circles). Ar-
rows in Parasound profiles indicate core position and the length of core-recovery. 
Width of all profiles: approx. 3 km. For details see text. 

 
 
For interpretation purposes, six different types of facies were defined, each of them enclos-
ing closely related paleo-(sub)environments. This schematisation was made to obtain an 
effective tool using reliably determined facies types. 
One terrestrial facies type (coastal plain) comprises the deposits which formed on the 
delta/coastal plain with episodic or rhythmic lamination probably caused by overbanking 
processes. Thicker oxidised sand layers additionally document the general exposition and 
may also indicate the existence of paleo-beach sand cheniers. 
Another land facies (marshy soil) (Fig. 9b, right column), already mentioned above, with a 
noticeable greyish orange-flamed colour represents the only strongly consolidated deposit 
of the Sunda Shelf deposits at all. The plural changes of reducing and oxidising conditions 
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underline the formation in a marshy paleo-environment directly after emergence during sea-
level fall. This horizon probably protected the underlying and nearly unconsolidated regres-
sive deposits against any subsequent remobilisation during regressive shoreline and fore-
shore ravinement as well as subaerial and transgressive erosion. It should be mentioned that 
this facies mainly incorporated the underlain deposits but also contains obviously aerially 
supplied material, which is concentrated in bands or has been distributed dispersely. Authi-
genic concretions in the form of crusts, orange-brownish patches and ”sideritic spherulites” 
attest laterisation. This marshy soil formation was distributed over large distances of the 
Sunda Shelf and the adjacent regions (cf. Biswas 1973; Sinsakul 2000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9: Photographs emphasising the contrast between different facies types and common 
discontinuities. (a) Delta front mud intercalated by numerous thick peaty layers and 
thin sand layers. (b) Transgressive facies succession. Right section: underlain soil ho-
rizon with oxidized mottles and secondary root penetration; left section: coastal 
swamp intensively penetrated by mangrove roots. (c) Shelf sediments covering the 
Late Pleistocene surface. Injection of shelf sediments into the underlain beds by 
abundant macro-bioturbation. (d) Large burrows in the mangrove swamp deposits 
filled by younger sediments. (e) X-ray radiography showing fine rhythmic lamina-
tions in a delta front facies with crossbedding, small vertical and large horizontal bur-
rows, and material separation: sandy layers (dark), peaty layers (light), muddy ‘back-
ground’ sedimentation (grey). 
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Both terrestrial facies are related to the paleo-shoreline and originated some meters above 
the corresponding sea level. 
The shoreline environment (tidal flat) was situated within a micro-tidal span of approxi-
mately 2 m at maximum. Cross-lamination, ripples, and high organic content characterise 
the sediments. As the pollen record and root remnants preserved in situ have shown (Hane-
buth 2000), mangrove (Fig. 9b, left column) covered the paleo-shorelines at ecologically 
suitable locations and contributed a high amount of organic matter to coastal drift-and-
concentrate processes. 
The delta front facies (Fig. 9a, e) is finely laminated with tidally induced rhythmic intercala-
tions of organic debris and sand layers, respectively. This facies generally occurs in a range 
of ≤ 20 m water depth in which terrigenous input continuously predominates. An extremely 
high but episodic sedimentation rate characterizes this environment. 
A shallow-water environment of hydrographically calm conditions (lagoonal bay) exists apart 
from strong terrigenous riverine input. High bioturbation efficiency destroyed the original 
beddings. Organic patches are abundant but shells of marine organisms also occur fre-
quently. 
Open-shelf conditions under a full-marine sedimentation regime (inner shelf) were found 
beyond the distal limit of strong terrigenous input. Marine tests of foraminifers and the 
shells of molluscs and echinoderms dominate the sand fraction, as reflected by high car-
bonate contents. Due to relatively low sedimentation rates, ventilation is good and biotur-
bating organisms are very active.  
The facies variety presented above can also be discovered in the subsequently deposited 
transgressive unit (Hanebuth and Stattegger 2001). One further type of facies should be 
introduced here though it does not belong to the unit of regressive deposits. The Holocene 
cover facies (Fig. 9c, d) sheets the underlain units as a thin blanket of fully marine foraminif-
eral mud-starved terrigenous supply, which formerly dominated the sedimentary processes 
over a long period. 
 
Age Control 
The AMS-14C age series measured on the regressive deposits shows remarkable discrepan-
cies between insoluble residue material and relatively mobile humic acids. The general bias 
of the ages of humic acids tends towards younger ages with increasing sample age. 
Coarser-sized organic material is quite rare in regressive deposits compared to the content 
of transgressive sediments (Hanebuth et al. 2000). Therefore, the age difference between 
single wood fragments and ‘bulk sediment’ plant remnants could be determined only in one 
case (Core 18315-2). A slightly younger age of the fragment to the ‘bulk sediment’ appears 
to be subordinate compared to the noticeably bigger age bias between insoluble residue 
material and the associated humic acid. These results may confirm the relative credibility of 
the residue material used for age assignment, although Yim (1999) advised the interpreta-
tion of radiocarbon ages from siliciclastic deposits prior to the LGM (21 kyr) with caution. 
We observed a tendentious rejuvenation of the depositional ages of the regressive unit bas-
inward (Tab. 2; Fig. 7). The intercepts of AMS-14C measurements return ages around 50 (to 
45) 14C kyr in the proximal, i.e., southwestern part of the transect. One date from the mid-
dle section plots around 40 14C kyr (Core 18300) and determinations of a core from the 
outer shelf range between 34 and 31 14C kyr in age (Core 18282; Steinke 2001). The overly-
ing transgressive unit dates between 19 and 13 kyr, the Holocene veneer age varies between 
10 and 2 kyr. This illuminates the long time gaps between regressive and post-LGM depos-
its.  
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Core Sample Water Type of Material Wood Dev. Wood Dev. Bulk Dev. Bulk Dev. KIA

number depth depth facies sampled macro  +/- macro  +/- sediment  +/- sediment  +/-
[cm] [m] dated insolub. humic insolub. humic

Facies during latest lowering to lowstand
18269-2 226 113 delta front organic 17200 70 15670 70 5975
18269-2 805 113 delta front organic 17060 100 15580 70 5976
18276-2 60 116 tidal flat organic 17680 80 16220 80 5980
18276-2 60 116 tidal flat organic 16110 # 160 5980
18300-2 590-592 91 mangrove organic 21490 330/320 3528
18302-2 590 83 marshy soil organic 20160 330/310 19400 230 3531
18314-2 343 100 coastal plain organic 26850 * 170 23310 * 310/290 27110 150 24790 220 5988
18323-2 380-382 92 marshy soil organic 23460 160/150 23270 330/320 3544
18323-2 534-536 92 delta front ? organic 22810 120 21980 190/180 3545

Facies during lowering
18273-2 273 126 lagoonal bay organic 39870 10707950 42810 1680/1390 5977
18273-2 273 126 lagoonal bay organic 36370 2400/1840 5977
18300-2 879-881 91 marshy soil organic 39210 # 3190/2280 3529
18315-2 40-42 69 tidal flat organic 47670 2090/1660 37330 1600/1340 5618
18317-3 190-192 95 delta front organic 49040 3080/2220 3538
18318-3 390-392 87 delta front organic 47280 2180/1710 3539
18320-2 200-202 76 delta front peaty 44800 1850/1500 40400 3100/2230 3541

18320-2 = 484-486 76 delta front peaty 48830 25001910 45140 2650/1990 3542

Facies during lowering, age determination not sufficient
18273-2 273 126 lagoonal bay organic > 47740 5977
18300-2 879-881 91 delta front organic > 33210 # 3529
18300-2 879-881 91 delta front organic > 41510 3529
18305-2 510-512 109 tidal flat resin > 52850 3533
18317-3 190-192 95 delta front organic > 36820 3538
18317-3 190-192 95 delta front organic 44240 1170/4540 3538
18318-3 390-392 87 delta front organic > 39720 3539
18320-2 200-202 76 delta front peaty > 46670 40400 3100/2230 3541
18320-2 200-202 76 delta front charcoal > 54360 3541

Foraminifera dates
18303-2 575 107 Rotalia >43770 4191
18303-2 722 107 inner shelf Rotalia >47520 4192
18316-2 597 71 inner shelf Rotalia >50370 2479

18282-2 § 49-50 151 inner shelf G. ruber 32640 660
18282-2 § 139-141 151 inner shelf G. ruber 31400 560
18282-2 § 260 151 inner shelf G. ruber 31680 580
18282-2 § 377-379 151 inner shelf G. ruber 34020 780

ALEX:  WO?

 
Tab. 2: AMS-14C datings relevant for the regressive post-Eemian phase of sea-level 

changes. Ages measured at the Leibniz-Labor, Kiel (KIA). * Organic material but 
not woody macro-pieces; # samples of less than 1 mg carbon. The high organic 
content and the accumulation of plant remnants to peaty layers provide a good 
source for AMS-14C determination. Nevertheless in approximation to the limitation 
of the AMS-14C method, some dates are accompanied by immoderate 2σ errors of 
several thousands of years. As a consequence, only a minimum age is given. Data 
partly from Hanebuth et al. (2000) and Hanebuth and Stattegger (2001). § from 
Steinke (2001). 

 
 
Selected Cores 
In this chapter, selected cores are presented to exemplify how the subsurface deposits are 
characterized and are transferable to other sites on the wide Sunda Shelf. 
Core 18300-2 (Fig. 8a) is located at the south-eastern margin of an incised-channel fill. The 
core penetrated the filling sediment body and also reached the older horizontally bedded 
deposits. The latter have been truncated by incision; the former filled it, subsequently build-
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ing up concavely inflected horizons. The stiff soil horizon (125 cm thick; in the upper part 
of the lower half of the core) separates a lower section from an upper section in the core. 
The lower one (115 cm thick) is of marine origin and continuously laminated. Rhythmically 
intercalating thin sand layers and high siliciclast contents indicated the proximity of the 
environment to the paleo-coastline/fluvial system, as well a high accumulation rate. This 
facies is interpreted as delta front. An AMS-14C age (39 14C kyr) affiliates this section to the 
progressed phase of sea-level regression. The upper section (445 cm thick) is composed of 
highly bioturbated mangrove swamp facies and with mangrove root remnants preserved in situ. 
This has been multiple-dated at different depths delivering ages between 12.65 and 12.44 
14C kyr (Hanebuth et al. 2000). The full-marine Holocene cover caps this core with a minor 
thickness of a few decimetres. The datings, supported by X-ray radiographs, give evidence 
that unconformities of several thousands of years exit between the sections of different 
facies. 
Core 18313-2 represents a noteworthy example, since this core vertically spans three suc-
ceeding seismic reflectors as shown by the shallow-seismic profile (Fig. 8c). This core is 
sedimentologically subdivided into three facies sections. The lower section (120 cm thick) is 
constructed by basinward directed clinoforms. The top of these clinoforms is lopped, re-
sulting in a loss of the formerly onlap segment (cf. Fig. 6). This lower section consists of two 
facies. The basal facies is made up of laminated silty clay with high shell content and is in-
terpreted as marine environment (inner shelf). The facies on the top of the lower section 
originated under terrestrial conditions, since it lacks shells and is interpreted as coastal plain 
deposit. It appears as a black massive horizon in the seismic profile but is not over-
consolidated, such as is the marshy soil horizon developed in other cores. The material of 
the middle section (65 cm) is marine-influenced. Flaser bedding and a high sand content 
occur in the lower part, increasing bioturbation and organic patches in the middle and well-
established marine conditions in the upper part. The deposits of this section formed closely 
to the paleo-shoreline during the transgressive phase with a tendency of increasing water 
depth upcore from a tidal flat facies to lagoonal and inner shelf deposits. The upper section (30 
cm) formed under fully marine quasi-modern shelf conditions (Holocene cover facies). Al-
though the lower section is not dated, the capping terrestrial facies and overlying transgres-
sive deposits dated at around 11.7 14C kyr infer it as regression deposits in consideration of 
its stratigraphic position and the modern water depth of –101 m. 
A special opportunity arose at Sites 18317, 18318, and 18320 (Fig. 8d) by a remarkable 
morphological feature. A recently unfilled channel structure of more than 50 m in depth 
and 800 m in width allowed deeper parts of older deposits to be sampled through a series 
of cores from near the bottom of the channel up to its margin close to the general level of 
the seafloor. The reason why this morphological structure remained unfilled is speculative 
but may be related to the modern current regime in the Karimata Strait. The facies devel-
opment in all three cores is quite similar, indicating a continuous deposition process. The 
deposits contain a high amount of siliciclasts of terrigenous origin and a subordinate pres-
ence of organic and thin sandy layers. This composition leads to the conclusion that it 
formed in an environment close to the mainland delivering the coarse-grained material. 
Whereas a rudimentary quota of foraminifera occurs in the deepest core, these marine or-
ganisms are absent in both shallower cores. This fact indicates an approximation trend to-
wards terrestrial conditions upcore and may be ascribed to a drop in sea level or to strong 
sediment discharge leading to delta progradation, respectively. Seismic survey made clino-
forms in the deeper part and rather chaotic structures in the upper part visible. Seismic 
penetration was generally low, however, suggesting high sand contents in the sediments 
beneath the sea bottom. The rigid soil horizon occurs in the uppermost core. The AMS-14C 
dates (49 to 45 14C kyr) give evidence that this unit was deposited over a period of several 
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thousand years. An age "reversal" is certainly ascribed to strong material mixing during sedi-
ment supply, as is possible for the other dates in a subordinate quantum as well. 
The channel structures disappear on the outer shelf. The sediments from this area, as typi-
cally shown in Core 18282 (–152 m water depth) by Steinke (2001), are relatively homoge-
neous without plural facies changes as found in those which, in contrast, are continuously 
observed on the central and inner shelf. The deposits are marine but formed under a strong 
terrestrial influence. They date between 34 and 31.5 14C kyr, showing an age shift which 
indicates moderate and continuous accumulation rates. Only one major hiatus occurs, sepa-
rating the lower regressive deposits (600 cm) from the thin fully marine sediment cover of 
deglacial to Holocene age (35 cm). This discontinuity spans a long time interval of more 
than 20 kyr, potentially allowing extended erosion activity.  
Additionally, two further cores are briefly introduced here which illustrate the stratigraphic 
and physiographic patterns of the regressive system in the study area, although the first did 
not interpenetrate the stiff soil horizon and the second is not dated. 
The corer bogged within the rigid soil horizon at Site 18302 (Fig. 8b). This horizon is 
clearly documented by the shallow-seismic survey. Several other cores of the transect 
probably did not break through this widespread paleo-surface but stopped at its top and 
only a few cores interpenetrated it. The facies section, which overlies the horizon of soil 
formation in this core (~ 20 14C kyr), consists of a gradual and typically transgressive suc-
cession (490 cm): mangrove swamp (bearing root remnants) overlies a horizon of organic ac-
cumulation, tidal flat deposits (current marks, occurrence of marine organisms) lead over to 
marine conditions, and open-marine shelf deposits (decreasing terrigenous influence) com-
plete the series. The Holocene cover is only 20 cm thick. 
Core 18321-2 was taken from another unfilled paleo-channel (Fig. 8e). The shallow-seismic 
image shows three different seismic units. The lower unit has no visible internal structures 
and is topped by a strong black and sharp reflector. The middle unit is characterized by hori-
zontal bedding and a less sharp surface reflector. The upper unit appears as a transparent 
body. The channel completely truncates the upper and middle sections and its erosive base 
coincides with the surface of the top reflector of the lower unit. A thick yellowish oxidized 
sand layer at the base of the core substantiates the terrestrial origin of the lower core section 
(20 cm). The overlying beddings of the middle section (525 cm) contain only traces of ma-
rine influence and thick sandy layers, indicating a nearshore environment in the direct range 
of fluvial input. The upper section was obviously not reached by coring, and a possible rela-
tion to the deglacial phase of transgression may be speculative. A thin marine cover blankets 
the older deposits (25 cm), and its Holocene age can be supposed compared to the other 
cores. As other results from the Sunda Shelf have shown (Hanebuth and Stattegger 2001), 
all fluvial valleys and channels were incised either after exposure of an area during sea-level 
lowering (major valleys) or synchronously with sea-level rise (channel network), respec-
tively, but in the latter case they always cut into the regressive unit before transgressive de-
posits built up. This, in turn, should lead to the assumption that the sediment preserved in 
the core belongs to the regressive sequence. 
 

Discussion 
 
Seismic Architecture and Stratigraphic Organisation 
The regressive strata on the Sunda Shelf can be divided into three different morphogenetic 
types as inferable from seismic investigations. The first is a horizontally layered seismic fa-
cies in the subbottom. It seems to extend over the whole shelf, although limited Parasound 
penetration depth prevents an uninterrupted correlation. The upper boundary is irregular 
and covered by younger deposits. 
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The second type is mainly restricted to large lens-shaped ‘bodies’ of about 20 km in width 
and up to 40 m in thickness. The upper boundary forms a slightly convex hill-like structure 
(Fig. 5). These sedimentary ‘bodies’ fill in depressions in the bottom. At the landward edge, 
they build up a very thin bed or disappear completely, a fact which is interpreted to be a 
result of offlap or erosion. The strata extend basinward of the ‘lens’ but with continuously 
decreasing thickness (downlap). We interpret this type as detached deposits during forced regres-
sion. Sea level dropped by several minor but rapid steps during the past regression. Accom-
modation space was, thereby, reduced stepwise, and the gentle gradient of the wide shelf fa-
voured rapid lateral shifts when sea level lowered at accelerated rates. During these shifts, 
sediment bypass probably dominated the areas between a former and the new (detached) 
depocenter. Three reasons are assumable why the deposits (bodies) of exceeded thickness 
formed: either (1) they were sheltered within previously existing depressions; or (2) they 
built up during phases of stabilizing or even a slight rise in sea level which would mean a 
temporary trend from forced to normal regression (i.e. an additional aggradational trend); or 
(3) the riverine sediment input was not continuous through time but pulsating due to 
changes in (monsoonal) precipitation. A form of bottom depression was detected in the 
seismic records (Fig. 5), but the second point additionally provides an explanation for the 
convex surface of the bodies as deposits close to the paleo-shoreline. In this context, the 
existence of fluvial but probably submarine incisions and fills, such as the second element 
(upper part) of the bodies, is remarkable. The steep inclination of these internal clinoforms 
decreases basinward (NE) and the foresets climb slightly upwards, resulting in a seawards 
declination of the ‘lens’. In our study area, generally low sea level of around –80 to –100 
with intermediate minor highstands of a few tens of meters would have been required for 
development of these depositional structures. The depth is at the lower limit of assumed 
sea-level fluctuations during the second half of MIS 3 (Fig. 2b). The internal surfaces (of at 
least partly fluvial origin) inside the bodies give evidence for a relative stability in sea level 
during distinct time intervals (Fig. 5). There is no evidence from the shelf margin and slope 
that minor pulsating fluctuations in the fluvial input (Steinke 2001) took place beside the 
general glacial/interglacial contrast in sediment supply. Therefore, it is difficult to ascribe 
scattered deposition to changes of the atmospheric system (Point 3). A further aspect mask-
ing eventual climatic influence is that, with increasing sediment yield during progressing 
exposure, river sediment discharge generally increases but, as well, the content of coarse-
grained material decreases due to extending low-lying plains. Beside these facts, a two-
dimensional transect is, of course, not able to detect lateral shifts of deltaic structures. 
The third type of regressive deposits is restricted to the outer shelf (below ca. –120 m) and 
to the margin as a thick prograding wedge (Wong et al. 2001). Increasing thickness towards 
the shelf edge can be ascribed to the permanent submarine conditions, which were not af-
fected by the general reduction of accommodation space on the shallower shelf. Moreover, 
strong sediment bypass delivered a high amount of sediments through major river valleys 
crossing the exposed shelf (Hanebuth and Stattegger 2001) and by increasing fluvial sedi-
ment discharge due to an extended catchment area during sea-level lowering. This led to 
the progradational but also aggradational formation of a sediment wedge during sea-level 
fall as well as during lowstand. 
Discontinuities are of particular importance for the correlation of strata. They can be classi-
fied according to different orders on the basis of the regressive deposits of the Sunda Shelf. 
Major surfaces that are related to different phases in sea level separated the depositional 
units from each other change. Minor unconformities occur frequently as borders of clino-
forms as well as within the individual sediment packages, except for wedge deposits on the 
outer shelf (Steinke 2001). Their existence attests that erosion led to a more or less con-
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tinuous loss of deposited material and enhanced, thus, the typomorphic contrast between 
the successive sediment facies. 
The regressive strata described here are bordered by an undulating relief at the base. At the 
top, the surface partly undulates over long distances (Fig. 5), partly erosionally pronounced 
or fluvially incised (Fig. 8a, d, e) as known from other broad shelves (e.g., Trincardi and 
Field 1991; Hunt and Gawthorpe 2000). An extended unconformity on the outer Sunda 
Shelf separates deposits of the thick regressive wedge from deglacial transgressive deposits. 
Similarly, Tesson et al. (2000) recently described strongly thickening deposits tending sea-
ward from the outer shelf off the Rhône Delta with a hiatus of about 30 kyr until transgres-
sive deposition started. They found that regressive sediments are lacking on the middle 
shelf in front of the Rhône Delta. In contrast, the depositional system on the middle Sunda 
Shelf was obviously able to build up detached sediment bodies with stacking patterns, prograd-
ing clinoforms of sufficient thickness (to resist complete remobilisation later) and riverine 
structures, since the Sunda Shelf area was characterised by a very gentle gradient and a con-
tinuous strong fluvial sediment supply during the relevant time interval. 
The regressive sediments of the Sunda Shelf cover a broad spectrum of environments that 
mainly formed in close relation to the paleo-shoreline. Usually, the individual cores com-
prise a facies succession, which provides the reconstruction of a facies shift from regressive 
marine to terrestrial and, afterwards, from transgressive terrestrial to marine deposits. How-
ever, the facies record does not commonly report a continuous shift, but very well reports 
abrupt facies steps separated by unconformable surfaces. The distinct facies types are dis-
tributed over the shelf without a recognizable relation or zonation. These distribution pat-
terns in both the local vertical and the wide lateral directions can be ascribed to four inde-
pendent factors of different dimension in impact. (1) The combination of low gradient and 
sea-level fall led to thinning or detachment of depositional units over long lateral distances 
during regression. (2) The deposits that are within the reach of gravity coring can be attrib-
uted to the foreset scheme (Fig. 6). They either formed close to the offlap segment or the 
uppermost part of the dipping foreset if they occurred in detached bodies. Or they are part of 
the youngest of very gently inclined to subhorizontally stacking deposits. In both cases, the 
environments are attributed to a proximal position near the paleo-coastline, and prograda-
tion would have caused a repetition of these environments during the post-Eemian phase 
of forced regression. (3) The formation of deposits during basinward migration directly de-
pends on local, particularly physiographic and sedimentary conditions (quantity of sediment 
input, processes in the coastline/river mouth, morphology, hydrography, etc.). The interac-
tions within the coastal environment generally create complex local depositional structures 
and facies associations. Furthermore, sediment discharge delivered by the major river sys-
tem must generally have increased during baselevel lowering due to sea-level fall. On the 
one hand, the drop in sea level led to an extension of the catchment area, while, on the 
other hand, an increasing number of lower-order rivers drained into the major valley with 
expanding shelf exposure, which thus focussed the sediment supply to the corresponding 
depocenter. (4) Erosion affected the area with locally varying intensity. A flat shelf area has 
a great potential for re-mobilisation and ravinement during regression and transgression 
that additionally border the long interval of shelf exposure. Intensive reworking during re-
gressive times is underlined by an accessory but frequent content of polished dark yellowish 
tests of foraminifers among abundant ‘fresh’ (un-polished, white) tests and of glaucony 
which occurs only rarely in the comparable facies types of the transgressive unit. ‘Cannibal-
ism’ of substratum was also inferred from an incised valley fill discovered at Station 18303. 
The sedimentary composition of this filling is identical to that of the host sediments from 
the surrounding area, which has been truncated. In contrast, some detritic peaty layers ap-
pear inside the filling. These layers date into the transgressive phase with an age of 13.43 
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14C kyr, whereas foraminifer tests from the same sediment return an age of more than 43.4 
14C kyr (Schimanski 1999). This proves that sediment was also re-deposited without sorting 
or separation processes, as is generally the case during transportation over wide distances. 
The existence of these four factors that affect the depositional process synchronously and 
successively makes clear why shelf architecture based on an interpretative correlation of 
facies and units using only a few cores does often not reflect reality in a reliable or satisfac-
tory way (cf. Tesson et al. 2000). 
If the assumption is correct that the underlain horizontally bedded unit was cored at the 
deep unfilled channel (Fig. 8d), this would mean that the age of the uppermost beds of this 
unit dated between 49 and 45 kyr. Since the overlying unit (Fig. 5) is also regressive and partly 
embedded in depressions, it must not only have been deposited between 45 kyr and expo-
sure then, and the incision, which divides the regressive ‘lens’ body, must also have formed 
in this time interval. This would circumstantiate a highly variable environment of plural 
changes of deposition and reworking processes, of drowning and exposure resulting in pro-
gradation and erosion. This, in turn, may also challenge the assumption that the main struc-
ture of the North Sunda River valley was already established before the Eemian interglacial 
stage and was only re-activated during the following exposure of the shelf area. 
 
 

(a) Fig. 10: AMS-14C datings and 
sea-level estimation. (a) Tidal fa-
cies occur within, marginal-
marine and in a distinct vertical 
range relative to, terrestrial facies 
above the contemporaneous pa-
leo-sea level. Circles indicate the 
age intercepts, bars to the right 
and left the 1σ deviation. Blue: 
shallow-marine, orange: tidal, 
green: terrestrial [yellow: marshy 
soil]; white: terrestrial data from 
the Strait of Malacca (Geyh et al. 
1979). * With approximation of 
the physical limitation of the 
AMS-14C method, the uncertainty 
increases towards intolerable 2σ 
spans. Consequently, dates with 
inappropriate uncertainties are 
given as minimum ages. mbss = 
meters below modern sea sur-
face. (b) Deglacial sea-level curve 
(see Fig. 2 a). (c) Sea-level esti-
mation for the time prior to the 
LGM (cf. Fig. 2 b). Black line: 
Shackleton (1987), open circles: 
Chappell et al. (1996), red curve 
taken from (a). 
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Sea-Level 
The idea of reconstructing a sea-level curve from organic-rich shoreline deposits of a silici-
clastic shelf environment considers the advantages over established sea-level estimations 
using oxygen isotope curves from the deep sea or coral reef records. Isotope records (e.g., 
Imbrie et al. 1984; Shackleton 1987) can be affected by several partly local factors – such as 
surface temperature, salinity, local water masses and vital effects – biasing the oxygen iso-
tope fractionation in addition to the global ice effect. The coral records are based on the 
growth of coral reefs within the first meters below sea surface and preferentially reflect sea-
level highstands preserved as reef terraces (Gallup et al. 1994; Bard et al. 1996; Chappell et 
al. 1996). These reefs grow primarily around islands, and tectonic compensation may have 
been active at changing rates. Furthermore, sea-level changes at rapid rates, which seem to 
have occurred with high frequency during the entire past sea-level cycle, obviously exacer-
bate their growth potential (Fairbanks 1989; Colonna et al. 1996). The attempt of sea-level 
reconstruction from a siliciclastic environment also has disadvantages. Organic material 
must have originated in a tidal facies to directly indicate paleo-sea level and may potentially 
have been mixed with matter from older sources biasing the true age of deposition. More-
over, the study areas are covered by water nowadays, and a high number of cores is re-
quired, thus making a project a quite challenging enterprise. In addition, the hydro-isostatic 
compensation must be calculated at all core locations. 
The dated facies of this study give some evidence for the evolution of the sea level during 
MIS 3. For this purpose, they are pooled into three genetic groups. The first group com-
prises deposits from shallow-marine environments, and dates are positioned below the paleo-
sea level. These dates are comparable in age and depth to recently published data from 
‘brackish’ to shallow-marine environments from the Bonaparte Gulf based on micropalae-
ontological analyses (Yokoyama et al. 2001). Moreover, the basinward-directed age shift 
towards younger ages between 48 and 31 kyr amounts, as a rough approximation, from 81 
m to 153 m, which is equivalent to ~ 72 m during ~ 17 kyr, but sea level dropped from 
approximately half (our curve) to a quarter (Shackleton 1987) of this value on average dur-
ing the same time interval. This deepening is consistent with the observed facies trend to-
wards increasing water depths and additionally indicates an increase in subsequent erosion 
activity (and sediment bypass) on the outer parts of the shelf. 
Dates of tidal facies (second group) are rare but should be considered as direct indicators of 
paleo-sea level. 
The third group, composed of the terrestrial facies, appears above paleo-sea level. This group 
also includes samples from marshy environments, which were apparently deposited shortly 
after the exposure of the distinct part of the Sunda plain. 
The dates of this study are enhanced by the only other existing set of offshore dates from 
the Sunda Shelf. Geyh et al. (1979) determined these ages from root remnants, wood frag-
ments and peat material from terrestrial deposits in the Strait of Malacca. These sediments 
are overlain by marine mud, but a long-lasting hiatus between these different facies must be 
assumed. As shown in Figure 10a, a rough sea-level curve can be interpreted from all dated 
facies of the regressive sediments from the Sunda Shelf. The curve joins two points of tidal 
origin at 47.7 ± 2090/1660 and 17.7 ± 80 14C kyr and is restricted in its depth extension by 
marine and terrestrial facies spanning a range envelope. Here, uncertainty is defined in 
terms of several thousands of years and tens of meters.  
The ages derived from the Sunda Shelf correspond closely to established sea-level curves 
(e.g., Shackleton 1987) and do not contradict the slightly scattering coral reef data from the 
Huon Peninsula (Chappell et al. 1996; Fig. 10b). The sea-level lowstand during the LGM is, 
as expected, not deeper than –120 m (Hanebuth et al. 2000). However, two discrepancies 
occur in comparison with the oxygen isotope curve. Around the time interval from 50 to 40 
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kyr, the data from the Sunda Shelf indicate a water depth of ca. –75 m, which is slightly (~ 
10 m) above the isotope record. More remarkable is the excursion of the drop in sea level, 
which led to the LGM lowstand of –120 m. This lowering occurs in the record from the 
Sunda Shelf a few thousand years earlier. The minor fluctuations in sea level recorded by 
Shackleton (1987) shortly after 30 kyr cannot be reproduced either. No data points are 
available from the coral reef record for this time interval, and other oxygen isotope curves 
are partly smoothed and diverge from each other. Therefore, the reason why the Sunda 
record does not match generally suggested sea level remains debatable, particularly since it 
is generally believed that sea level dropped towards the lowstand later and more rapidly 
towards the LGM.  
 

Regressive Deposits on the Sunda Shelf – Conclusions 
 
Appearance 
Three different types of regressive depositional units are deduced from shallow-seismic 
Parasound surveying and interpreted as having been formed during MIS 3. On the central 
part of the shelf, (1) laterally restricted lenticular-shaped sediment bodies in slight depres-
sions were built up by sets of prograding foresets. The bodies extend over 20 to 30 km, 
have a convex upper surface and fluvial structures inside. (2) As a lateral continuation, hori-
zontally stratified but thin deposits cover the shelf between the sediment bodies. In con-
trast, (3) a sediment wedge occurs on the outer shelf and at the shelf margin, gradually 
thickening basinward.  
The sediment cores yield a regressive-transgressive facies succession. Six different types of 
sedimentary facies are distinguished and belong to terrestrial (marshy soil, coastal plain), tidal 
(tidal flat including mangrove), and shallow-marine (delta front, lagoonal bay, open shelf) paleo-
environments.  
Major discontinuities separate regressive subunits and mark the border to overlying depos-
its. They are accompanied by a truncation of the upper part of the foresets (offlap), probably 
fluvially induced incisions, and abundant minor erosional hiatuses, which are often associ-
ated with abrupt facies shifts. 
 
Particularities 
The progradational sediment ‘bodies’ are detached from each other. They reflect temporary 
rapid shifts in the paleo-coastline and in the accommodation space down the planed shelf to-
wards the basin during intervals of sea-level lowering, but they may also give discussable 
evidence for an interim which interrupts relative stability or even for slight rises in sea level 
by an arching top and fluvial incisions inside. Prominent hiatuses, detached sediment bod-
ies, and a thick marginal wedge appear concurrently but are laterally separated. This leads to 
the conclusion that erosion and sediment bypass were dominant processes on the shelf 
during shallow-marine and subaerial conditions and only the permanently submarine mar-
gin received a continuous sediment supply during lower sea level. 
The facies show no systematic distribution or zonation over the shelf. This can be deduced 
from the interplay between low gradients and sea-level variations (basinward-shifting repeti-
tion of facies association), and the fact that only the upper part of the regressive deposits 
was cored (related to shoreline). Locally limited conditions such as morphological settings, 
hydrographical features and variable sediment supply were important factors during the 
formation of a complex paleo-environment. 
 
Implications for Sea Level 
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During the time interval from 50 to 40 kyr, there is evidence that sea level was slightly 
higher (~ 10 m) than indicated by other sea-level estimations. After this time, a drop led to 
the LGM lowstand, when other records even show a last minor rise in sea level. The maxi-
mum lowstand was not deeper than –120 m and is, therefore, about 15 m shallower than 
recently assumed for some other regions. Short-term fluctuations of a few tens of meters at 
maximum may be responsible for the existence of the detached deposits and their internal 
und superficial characters.  
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