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(FROH 'RFWRUDOH 6FLHQFHYVY HW ,QJpQLHULH 5HV
&ROOqJH 6FLHQFHVY HW 7HFKQRORJLH"

7KqVH
3UpVHQWpPH SRXU OfREWHQWLRQ GX WI

'RFWHXU GH OY8QLYHUVLWp GH /RUUDL

6SPFLDOLWp *pRVFLHQFHV
3DU

BWpPpSKDQLH )OHXUDQFH

OpWDOORJHQQgVH GH OfXUDQL X
SURFHVVXV VXSHUILFLHC

[ THIHPSOH GH OD -RUGDQLH

6RXWHQDQFH SXEOLTXH OH GpFHPEUH

OHPEUHV GX MXU\

5DSSRUWHXU¥DQL 1 .KRXU\ 3URIHVVHXU 8QLYHUVLWpP GH -RUGI

1LFRODV 7ULBRRLOOVDHIAJ 8QLYHUVLWpP GH /LOOH

(IDPLQDWHXU¥QQH 6\OYLH $Q GGWROMYNHUXU * 5 8QLYHMDQEWDP GH /

-RKQ + 3RARFOMHXU %ULWLVK *HRORJLFDO 6XUYH\

'"LUHFWHXUV GHFWKQVEXIQUHFWHXU GH UHFKHUFKHV &156 8QLYHU
1DQF\

J)DEULFH ODODWWWH GH FRQIpUHQFHYV (16*

* 5 8QLY
JRUUDLQH 1DQF\

,QYLWp -HDQ 5HQJpQLHXU $UHYD 3DULV

805 * 5 *PRORJLH HW *HVWLRQ GHV 5HVVRXUFHY OLQpUDOI
8QLYHUVLWpPp GH /RUUDLQH J)DFEXOWp GHV 6FLHQFHYV % 3 9D






5(0(5&,(0(176

S3DUFH TXH FHWWH WKgVH QfHVW SDV VHXOHPHQW OD FRC
DXVVL OYDERXWLVVHPHQW GfXQ ORQJ SDUFRXUV HW SDUI
OTRQW SUpFpGp« MH SRXUUDLVY UHPHUFLHU EHDXFRXS GH
GH UHPHUFLHU OHV SHUVRQQHV TXL RQW FRQWULEXp jJ FH
HOQWRXUp SHQGDQW FHWWH SpULRGH

-H WLHQV WRXW GYDERUG j UHPHUFLHU OLFKHO &XQH\ DO
PYD IDLW FRQILDQFH HW TXL D VX ¥H RUHLBRIWSHHRIX G DVPR QF H 5]
HW SRXU WRXW FH TXH WX P{DV DSSULYV

OHUFL j )DEULFH ODODUWUH TXL pWDLW WRXMRXUV GLVSR
SRXU pFRXWHU PHV GRXWHV GH WKpVDUGH

-H UHPHUFLH OHV PHPEUHV GX MXU\ TXL RQW DFFHSWp GTp
+L 1 .KRXU\ -RKQ + 3RZHOO $QQH 6\OYLH $QGUp OD\HU

H UHPHUFLH pYLGHPPHQW OD FRPSDJQLH $UHYD VDQV OD
QL PrPH OHV UHQFRQWUHYV TXJLO D HQJHQGUpP«PHUFL DX]

5pPLFK DOLDV OH YLHX[ SHWLW FKDXYH RX SHWLW KRPPF
DICDV OD FDELBWXDYOQHFAPGILDY FKpUL FKpUL OYKRPPH VXU

OLFKHO SRUWHXU GIpFKDQWLOORQV &HWWH PLVVLRQ QYD
WRXW OHUFL DXVVL j *LOOHYV 5HFRFKH DQFLHQ GLUHFWH >
FKIHJpRORJXH JUKFH j TXL MYDL SX IDLUH FHWWH PLVVLRQ |
OWDXWUHV« PHUFL pJDOHPHQW j -HDQ 3LHUUH OLOHVL HW

OHUFL j 3DWULFN SRXU VRQ RUHLOOH DWWHQWLYH VHV F
IDXUHQFH ODULH 2GLOH &KULVWLQH SRXU OfDGPLQLVWU!
9LQFHQW SRXU OJLQIRUPDWLTXH j *LOOHV SRXU OD VDOOH
FR SRXU WRXWHV FHV ODPHV PLQFHV HW SRXU YRWUH G
LQWLPHYV

OHUFL DX VHUYLFH GH PLFURVFRSLHV $0ODLQ 6XOOLYDQ 2
TXL FH IXW XQ UpHO SODLVLU GH SDVVHU GX WHPSV )DLUFL
PDQTXHUD

OHUFL j FHX[ TXL RQW FRQWULEXp j OD UpDOLVDWLRQ GH P
GpFHQWUp« ODHOKH: SDPID@ JLUO 3KLOLSSH OYDEODWHXU
OfpTXLSH GX 6%$50 «

OHUFL j PHV DQFLHQV SURIHVVHXUV HOWIZGN KW PP LEHF R O OR
TXL RQW S\DAXIRERUMEHU PHV EODJXHV RX PD PDXYDLVH KXP|
OU -HDQ &pFLOH $OH[ -XGLWK -pU{PH PRQ FR WKp &pG
“HDQ /RXLV 3RXS\«



%RQ FRXUDJH HW ERQQH FRQWLQXDWLRQ DX[ WKpVDUGV G
ELHQW{W HW j FHXPDQHNWYDV $HXQYOLWR &KULVWRSKH 0DQ
:LOIULHG 7KRPDV HW OHV DXWUHYV

OHUFL DX[ DQFLHQV WKpVDUGY SUpVHQWY SDUWLYV RX SUTr\
-WpP\ 5R]V\ $QWRQLQ S5LFKKKKDUUUUGG HW ELHQ V€
JIQODQGH VDQV RXEOLHU OHUFD DOLDV JUDQGH VDXFLVYV
SUHVTXH WRXMRXUV ERQQH KXPHXU MH QYDXUDLYV SDV Ut

-fD pJDOHPHQW XQH SHQVpH SRXU WRXWHVLPSR BWMDYWQ QM
VRLHQW HQ )UDQFH RX GLVSHUVpRWWAL] TXDWUMNW mRARELQV X
\RX /RLQ GHV \HX[ QH YHXW SDV GLUH ORLQ GX F°XU SRXU

-HWLHQV j UHPHUFLHU SOXV SDUWLFXOLgQUHPHQW PHV DPLYV

IXFLOOH PD SOXV ORQJXH UHODWLRQ SOXV GH DQV T X
GDQV OHV PDXYDLV PRPHQWY DYHF TXL MYDL SDVVp GHV |
MYIDL YpFX DYHF TXL MYDL YDLQFX« /HV GHUQLHUV PRLV Q
PH GHPDQGH ELHQ >SEHOIX RRIKE LW R KRWV XVR DLV

J)OR -R PHV FRSFRSDLQVY PD SRXOHWWH PRQ GRXEOH T
SDV GX WRXW H[FHVVLI GHSXLV SOXV GI1XQ DQ PHV SDUWEFE
UHSDV GH IRXV ULUHV HW GH GpWHQWH DYHF TXL MH QYDL

9RXYPH PDQTXHUH] pQRUPpPHQW WRXV OHV WURLV MYHVS«
PRQGH QH VHUD TXH OH PR\HQ GH PLHX[ QRXV UHWURXYHU

(WHQILQ FRPPHQW QH SDV UHPHUFLHU FHOXL TXL PH FRPSI
PHV 6 TXL PTYD pSDXOp HW HQFRXUDJp SHXW LPSRUWH OH €
FURLW OH SOXV HQ PRL FHOXL TXL PH pUHVSHFFF pQRUP
)DODOHO MH GLUDLV PrPH PLHX[ IDODIHRXOFKH

1H VR\H] SDV YH[pV GH QH SDV WRXV YRLU YRWUH QRP PD
SLHUUH j OTpGLILFH %RQQH FRQWLQXDWLRQ j WRXV
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QWURGXFWLRQ
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, QWURGXFWLRQ

&HWWH WKgqVH HVW OH IUXLW GTXQH FROODERUDWLRQ HQW
IUDQFR MRUGDQLHQQH -)80& FUppH SDU $5(9% HW $5¢(
*pPRVFLHQFHV /H SURMHW VJLQVFULW GDQV OH FDGUH GH
GH VXEVXUIDFH GHFRXYHUWHY GDQV OD UpJLRQ GH 6LZDT
IDLEOHV WHQHXUV PDLV TXL SHXYHQW Vi{pWHQGUH VXU G
SURIRQGY HW UHSUpPVHQWHQW XQ QRXYHO HQMHX SRXU (
REMHFWLI GH FDUDFWpULVHU OHV PLQPUDOLVDWLRQV XUL
FHQWUDOH GH GpWHUPLQHU OHXU V VRXUFH V GDQV OH\
OHV SURFHVVXV GH FRQFHQWUDWLRQ GH OfXUDQLXP DILQ
FH W\SH GH JLVHPHQW VXSHUILFLHO GLIIpUHQW SDU UDSSHF
QLYHDX GHV VRXUFHV XQ GHV HQMHX[ LPSRUWDQWYV pWDL
XUDGQUHY HQ HQYLURQQHPHQW VXSHUILFLHO HW ORUV G
SDUWLFXOLqQUHPHQW ELHQ GpYHORSSpV GDQV OD UpJLR
PLQpUDOLVpPY DYDLW pJDOHPHQW SRXU REMHFWLI GH GplLC
GH OHXU GLVWULEXWLRQ LQIRUPDWLRQV IRQGDPHQWDOH -
WUDLWHPHQW GH FH PLQHUDL /D UpDOLVDWLRQ GH FHV F
OYHQULFKLVVHPHQW H[FHSWLRQQHO HQ WRXWH XQH VpULI
GDQV OHV GLIIpUHQWHY OLWKRORJLHV GX *URXSH %HO
S\URPpWDPRUSKLVPH VXU OH FRPSRUWHPHQW GH OfXUDQL:

&217(:7( *(2/12*,48( *(1(5%/

/ID SODTXH DUDELTXH HVW FRPSRVpH GX ERXFOLHU DUDEL"
(OOH HVW VpSDUpH GH OD SODTXH DIULFDLQH SDU OH ULI\
GIY$GHQ /H ERXFOLHU HVW SULQFLSDOHPHQW FRPSRVp GH
/IDSODWHIRUPH HVW FRQVWLWXpH GH URFKHV VpGLPHQWD
SDUWLU GX &DPEULHQ LQIpULHXU /D -RUGDQLH VH VLWXH
-RUGDQLH OH VRFOH SUpFDPEULHQ QYDIIOHXUH GXH GDQ
SD\V HVW UHFRXYHUW GH URFKHV GY{kJHV &UpWDFp 3DOHR.
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, QWURGXFWLRQ

JLIXUKRDUWH JpRORJLTXH GH OD SpQLQVXOH DUDI

/IDILIJXUH VI\QWKqgqVH GYfDSUqV +DUVKEDUJHU 3RZHOC
6DZDULHK SUpVHQWH OD VWUDWLJUDSKLH Jpc
SUpFDPEULHQ HVW FRQVWLWXp GHV FRPSOH[HV $TDED HW
PPWDPRUSKLTXHV HW SOXWRQLTXHV HW GILOQWUXWGLORQV Y
*URXSH 6DIL GYkJH 3UpFDPEULHQ UHSRVDQW HQ GLVFRUC
IXRL$UDELTXH VRQW H[SRVpV DX VXG HVW GH OD OHU OR
ZDGL GUDLQDQW YHUV FHOOH FL &HWWH IRUPDWLRQ
PPWDPRUSKLTXHV | pSLPpWDPRUSKLTXHV GH FRXOHXUV Y
TXDUW] GLRULWH TXDUW]SRUSK\UHVY SRUSK\UHV JQHLVYV
DUNRVLTXH %HQGHIRXSH 5DP QRPPp SDODSREISER®U OHV
IRUPDWLRQV DXS DU DAYHD@QGH pHWD E@RHSY SD GYkJH &DPEULHC
2UGRYLFLHQ LQIpULHXU HVW FRPSRVp GH IRUPDWLRQV VL
*URXSH .KUHLP GTkJH 2UGRYLFLHQ VXSpULHXU 6LOXULHQ
&H JURXSH HVW HQ GLVFRUGDQW VRXV OH *URXSH GH =DUT
oDfLQ HVW FRQVWLWXp GH JUgV FDOFDLUHV PDUQHV HW G

15



, QWURGXFWLRQ

/IHV URFKHV UHFRXYUDQW OH VRFOH SUYRDP®WE UG PR M H @ HO.
GH SOXVLHXUV pSLVRGHV GH WUDQVJUHVVLRQ PDULQH H[W
O(REQH 3RZHOO DQG ORKTYG /JHV *URXSHV $MOXQ H
SULQFLSDOHPHQW GHV VpGLPHQW\BPWERQ® DWW ppwU L% KX Q GHHUA
OH GpS{W GX *URXSH .XUQXE FRQVWLWXp GINVRDEHQW JUQV
EDWMYH IDFLHV j LQIOXHQFHHPBURLWB APXVXBPPHMWXU UHSRVH
VXU OH FUpWDFp LQIpULHXU ,0 HVW GLYLVp HQ GHX[ JUR
&pQRPLHQ 7XHWQRHQURXSH %HOTD 6DQWRQLHQ (RFqQH
PPPH GLYLVp HQ SOXVLHXUV IRUPDWLRQV GRQW OD SOXV
DIIOHXUH GDQV OD JRQH GYpWXGH /D JRQH GIpWXGH )LJ
HQYLURQ NP DX VXG HVW GH OD FDSLWDOH $PPDQ /HV
URFKHV GX *URXSH %HOTD &H JURXSH HVW GLYLVp HQ SO
'8* $PPDQ 6LOLFLILHG /LPHVWRQH $6/ $0 +LVD 3KRVSK
ODUO 0&0 HW 8PP 5LMDP &KHUW 8BV IRRIZPDOIOLRQVDVR QW
SOXV SUpFLVpPHQW GDQV OH &KDSLWUH

'HV GpS{WV TXDWHUQDLUHV QRQRNB® IRIUP HW pCHPRDIQWI W GO/
IOKFWLOHY DOOXYLRQV HW WUDYHUWLQV %HQGHU S
YROFDQLTXHV HQ -RUGDQLH FDPEULHQ LQIpULHXU MXUL
TXDWHUQDLUH $X QRUG GH OD -RUGDQLH OHV URFKHV VpG
VpULH GH EDVDOWHV P $OVKDUKDQ DQG 1DLUQ

'LIIPUHQWYV V\VWgPHV GH ILORQV RQW pWp LGHQWLILpV /D
SHUPLV GH GDWHU SOXVLHXUV pYpQHPHQWV OBD VB D WMHY\WM
DOFDOLQV PLRBHQHW GHV EDVDQLWHY GX SOLRFHQH VXSpl
J,EKDP HW DOHV EDVDOWHNJGH .DOPHVW GH OD OHU ORUWH
SODFH DX 30pLVWRFQQH +HLPEDFK DQG +XVHLEHK 6 W

/D OHU ORUWH HVW XQ EDVVLQ HQ SXOO DSDUW IRUPp D>
GpFURFKDQWY VpQHVWUHV GHV IDLOGQHYV :DGHVS$ SDED FHWC
VWUXFWXUHV WHFWRQLTXHV GDQV OD ]JRQH GIpWXGH VRC
RULHQWpPHY (: &HV IDLOOHV VRQW DVVRFLpHV DX V\VWql
ORUWH '67 VIVWHP )LJDXLR¥lgQ@HpWW UPDWWLYp SHQGDQW
ORUWH DX OLRFgQH 30pLVWRFQQH 'LDEDW DQG 0DVUL

16



, QWURGXFWLRQ

J)LIXUH &RORQQH VWUDWLJUDSKLTXH GH -RUGDQLH GYDSUqV
-DUUD HW DO 6DZDULHK
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, QWURGXFWLRQ

JLIXURDUWHY JpRORJLTXHV GH OD -RUGDQLH /D FDUWH
FDUWH E SUPpVHQWH OHV GLIIpUHQWHY SURYLQFH\F HOD
ORFDOLVDWLRQ GHV pFK®D\OQRDLKDRQ QO G HIPEETD S U q VAV V

3DUODN DQG 5REHUVWRQ 6DZDULF

18



, QWURGXFWLRQ

/(6 0,1(5%$/,6$7,216 85%$1,)(5(6 683(5*(1(6

/IHV PLQpUDOLVDWLRQV XUDQLIqQUHV OHV SOXV FRQQXHV F
SKRVSKDWpHV ORKJG DQG 3RZHOO 'LOO D S
PLQpUDOLVDWLRQV HQ -RUGDQLH PDJPDWLTXHV DX VX
GDQV OHV VDEOHV VXGCOQSOOPFHE@EWVOEOWHN VKDOBIV VXG
SKRVSKRUIGDKYW OHV FDOFDLUHOXH KDWYV WUV RBEW UGIHRLAGILIOy UHV
VIpWHQGHQW GH OD -RUGDQLH FHQWUDOH DX VXG HVW G.

82 92 +2 HW W\X\DPBQLWH +2 RQW pWp GpFULWYV (
SKRVSKRULWHYV GH 5XVHLID HW $O0 +DVD =HUHLQL & RS

IHV GpS{WV GIXUDQLXP VXSHUILFLHOV VRQW GpILQLV FRPF
$FWXHO SURFKHV GH OD VXUIDFH GDQV GHV VpGLPHQWYV
3DUPLV FHOOHV FL OHV PLQPUDOLVDWLRQV GH W\SHV
FDOFUqQWHVY VRQW GHV FRQJORPpUDWYVY j FLPHQW FDUER(
DXWKLJGQHV GpYHORSSpHV HQ PLOLHX FRQWLQHQWDO VXU
FLPHQWDWLRQ GH FDUERQDWHY ORUV GH SURFHVVXV GTp)
GYHDX VRXWHUUDLQHV 2Q GLVWLQJXH CHWH FDFEIFQRWGHWH @ 9
SPGRORJpQPWLTXHV /HV FDOFUQWHV SpGRJIpQpWLTXHV V
SURMXY YHUWLFDX] BW SHUMWHR QW DLQVL FRQVWLWXpHV G
IHV FDOFUQWHV QRQ SpGRJIpQPWLTXHV VH IRUPHQMW, SDUV
GIXQ WUDQVSRUW ODWpPUDO GHV pOpPHQWYV TXL VH GLI
FOVVLTXH DYHF GLVWULEXWLRQ YHUWLFDOH GHV pOpPHQW
ODWpUDO 8 HW 9 VRQW WUDQVSRUWpPV HW SUpFLSLWpV H
IRUPH WUQV VROXEOH /D FRPSRVLWLRQ HW OD WH[WXL
VBHQGDQW VRXYHQW WUQV VLPLODLUHV &DUOLVOH

/IHV VRXUFHV G{XUDQLXP OHV SOXV FRXUDQWHYVY VRQW OH
DOWpUDWLRQV HQ FOLPDW DULGH j VHPL DULGH /IXUDQL?
GIXUDQ\O 8 SDU GHV IOXLGHV R[\GDQWV DFLGHV GHYHQ
ODQQ '"HXWVFKHU &HV IOXLGHVY SHUPHWWHQW OfTR[\(
8 HW 9 VRQW GHV IRUPHV WUqV VBOXRQMWV GLNVRIFRPY®
PLQpUDOLVDWLRQ VH GpSRVH SDU UHPRQWpH GHV HDX[ FKI
FDUQRWLWH YDQDGDWHY GIXUDQ\O SHX VROXEOH HVW OF

19



, QWURGXFWLRQ

/9(;3/25$7,21 0,1,(5( (1 -25'$1,(
$GPLQLVWUDWLRQ

/T$XWRULWpP GHV 5HVVRXUFHV 1DWXUHOOHV 15% D pWp IR
HW JHVWLRQV GH OD 15%$ RQW pWp UpJXOpHV HQ SDU O]
OT(QHUJLH HW GHV 5HVVRXUFHV OLQpUDOHV 0(05 JqUH OD
GLIIpDUHQWHY UHVSRQVDELOLWpV VRXUFH 15%

*HVWLRQ GX GpYHORSSHPHQW HW GH OfH[SORLWDWLRQ G
WXGHV pFRQRPLTXHV WHFKQLTXHV JpRFKLPLTXHV JpRStk
$GPLQLVWUDWLRQ HW UpJXODWLRQ GHV ORLV

'LVWULEXWLRQ GHV FHUWLILFDWYV PLQLHUV SHUPLV HW (
PLQHV HW FDUULqUHV

&RRUGLQDWLRQ GH FRRSpUDWLRQVY DYHF GHV HQWLWpV L

6XSHUYLVLRQ GHV DFWLYLWpPV SpWUROLQUHV LQFOXDQ\
OfH[SORLWDWLRQ HW OHV DFFRUGYV LQWHUQDWLRQDX]

$XWUHV GHYRLUYV DVVLIQpYVY SDU OH FRQVHLO GHV [
OTLOQYHVWLVVHPHQW GDQV OYDFWLYLWp PLQLQUH

/D &RPPLVVLRQ GT(QHUJLH $WRPLTXH -RUGDQLHQQH -$(&
RIILFLHOOH HQ FKDUJH GX GpYHORSSHPHQW HW GH OfH[pF
9 HQ -RUGDQLH ;RXEL ,$($ /ID FRPPLVVLRQ H1XFOHDLI
GpYHORSSHPHQW GH WRXV OHV DVSHFWV GX F\FOH GH FR
OfH[WUDFWLRQ HW OD SURGXFWLRQ GYXUDQLXP GH OD JD
GH OD FRPEXVWLRQ QXFOpDLUH HW GHV GpFKHWYV UDGLREL
OfpFRQRPLH PLQLqQUH HW DWWLUHU GHV LQYHVWLVVHXUV
(QHUJ\ 5BHVRXUFHV ,QF

(YROXWLRQ GHV FDPSDJQHV GYfH[SORUDWLRQ pFRQRPLH

/IHV SUHPLqUHV FDPSDJQHV GYfH[SORUDWLRQ RQW FRPPH
PLVVLRQV GH VXUYHLOODQFHYV DpURSRUWPpPHY TXL RQW UpY
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, QWURGXFWLRQ

SRXU OD SOXSDUW j GHV ]JRQHV WUQqV SKRVSKDWpHV ;RXEL
XQ SRWHIDIWDHOS5XZDLVKHG +DUDQDK -RUGDQLH FHQWUDC
(ODELDGK HW RQW IDLW OJREMHW GH QRPEUHXVHV pWXGH
&HWWXGHY WUDQFKpHV IRUDJHVY PHVXUHV GH UDGLRDF
SULQFLSDOHPHQW pWp FRQFHQWUpPHY HQ -RUGDQLH FHQWU
PWDLQLQFLSDOHPHQW VXSHUILFLHOOHY DYHF GHV WHQH X
DORUV TXH OD -RUGDQLH FHQWUDOH pWDLW OD UpJLRQ Ol

UpYLVpH j OD KDXVVH HQ 2DYHF SOXV GH W 8
(Q HITHW OHV DQQpHYV RQW YX GHV FRPSDJQLHV PLQLq
UpJLRQ (Q OD -$(& D VLJQp XQ DFFRUG GTH[SORUDW

PLQLQUH IUDQFR MRUGDQLHQQH -)08& HVW DORUV FUp
GIH[SORUDWLRQV GHV UHVVRXUFHV GH -RUGDQLH FHQW.L
GpYHORSSpP VXU XQH VNWIDFI5WGRGXFWNRQ D pWp HQYLVDJp
-)80& D DQQRQFp HQ OD SUpVHQFH GH W GIXUDQL>
NP $SUqQV XQH FDPSDJQH GH IRUDJHV XQH UHVVRXUFH
.KDHG 7RXNDQ &KDLUH GH OD -$(& FRPPXQLTXp GDQV G
(QHUJ\ 2 HW OH © -RUGDQ 7LPHV 2 GX GpFHPEUH (Q I
DFRUG DYHF OD FRPSDJQLH $5(9% SRXU OfH[SORLWDWLRQC
FHQWUDOH DYHF OH GURLW GTH[SORLWHU SHQGDQW OHYV

JHOLQLVWQUH GH Of(QHUJLH HW GHV 5HVVRXUFHYV 0LQpUDC
VHUDLW SUrW j GpEXWHU OHV DFWLYLWpV PLQLQUHV H(
FRPSUHQGUDLW OD FRQVWUXFWLRQ GIfXQH PLQH j FLHO RX
VXG GH OD FDSLWDOH $PPDQ GDQV XQH ]ROH FRQMUHIQIQS)

H[SORLWDEOHV -RUGDQ 7LPHV VHSWHPEUH "HS XL\
GpFODUp TXH -)80& D UpYpOp OD SUpVHQFH GH SOXV GH

IDLVDELOLWpPV WHFKQLTXHV HW pFRQRPLTXHV SRXL
GYH[WUDFWLRQ RQW DORUV pWp ODQFpHV (Q PDL o)

QpJRFLDWLRQV DYHF $5(9% *+OLWVXELVKL +HDY\ ,QGXVWULH
FKRLU TXL IRXUQLUD OHQXPORWHXUPRDLFODLUM RFWREUH
-RUGDQLH DQQRQFH OD ILQ GHHDD GRPEPRIPLETISESOR LTI
GpPDUUHUD SDV GH SURGXFWLRQ
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, QWURGXFWLRQ

'"HS XLV GIDXWUHV ]JRQHV j SRWHQWLHO XUDQLIqQUH
LQWHUQDWLRQDOHY ODIUDT HW :DGL %DKL\\DK 8 GDQV
VPGLPHQWY TXDWHUQDLUHVY VRQW H[SORUpHV SDU OHV FK
RI XQGHUVWDQGLQJ HQ /H 5R\DXPH 8QL D VLJQp XQ Ol
H[SHUWLVH SRXU OYTH[SOR HWLL\RHP HHQW \D XY D QR LOWDHW L RIG |
(DUWKWLPHYV MXLQ /D -RUGDQLH D pJDOHPHQW VLJ
DVVLVWHU HW JpUHU OH IXWXU UpDEFEWHXU QXFOpDLUH MR
GpPpEXW OD -$(& D SDVVp XQ DFFRUG DYHF 5LR 7LQWR ¢
%DKL\WDK :DGL 6DKE 5HZDVKLG &HWWH HQWUHSULVH VI
QpJRFLDWLRQV DYHF OH &DQDGD 61& /DYDOLQ ,QWHUQDWL
GHV UHVVRXUFHV XUDQLIqQUHV GHV SKRVSKDWHV TXL FRQ
.KDOHG 7RXNDQ -RUGDQ 7LPHV PDL

3/$1 '(1$ 7+(6(

I MREMHFWLI GH FHV WUDYDX[ HVW L GH SUpVHQWHU OHYV (
GDQV OH GLVWULFW GH 6LZDTD HQ -RUGDQLH FHQWUDOH

PRGHVY GH WUDQVSRUW HW GH GpS{WV FRQGXLVDQW | FHV
HQILQ LLL GH FRPSDUHU DYHF OHV PLQpUDOLVDWLRQV VX
FHQWUDOH SUpVHQWH GHV IRUPDWLRQV JpRORJLTXHV Fl
SKRVSKDWHV SHUWXUEpHY SDU GHV SKpQRPqQHV PpWDPR
PDQXVFULW V{DUWLFXOH DLQVL DXWRXU GH FLQT D[HV SUL

pVHQWDWLRQ GHV GLIIpUHQWHY WHFKQLTXHV XWLOLVpH

I MMMULFKLVVHPHQW SRO\PpWDOOLTXH &R &U &X OR 1L
OLKWRORJLHV GX *URXSH %HOTD TXL D IDLW OYREMHW G
GDhQV UDXXHIHRIJHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DODE

/TPYROXWLRQ VPGLPHQWDLUH PpWDPRUSKLTXH HW VXSHL
UDUHV GDQV OHV GLIIpUHQWY SKRVSKDWHV GX *URXSH %H
SUpSDUDWLRQ

/ID FDUDFWpULVDWLRQ GX S\ URPpWDPRUSKLVPH

/IHV PLQpUDOLVDWLRQV XUDQLIgUHY VHFRQGDLUHYV VXSHUI
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5()(5(1&(6

$OVKDUKDQ $ 6 1DLUQ $ (O BHGLPHQWDU\ EDVLQ\
OLGGOH (DVW (OVHYLHU (G S
%HQGHU ) *HRORJ\ Rl -RUGDQ &RQWULEXWLRQ RI W

Gebriuder Borntraeger S

YHQGHU ) D *HRORJLEDO PDS *RY RI -RUGDQ |

*HUP

%HQGHU ) E *HRORJ\ RI WKH $UDELDQ 3HQLQVXOD -I
S

&DUOLVOH &RQFHQWUDWLRQ RI XUDQLXP DQG YDQE

6RF /RQGRQ 6SHF 3XEO

&RSSHQV 5 %DVKLU 6 SLWFKDUG 3 SDGLRDFW
SUHOLPLQDU\ VWXG\ OLQHUDO 'HSRVLWD

'LDEDW $ obvuL $ 6WUXFWXUDO IUDPHZRUN RI FHC(
FHQWUDO -RUGDQ *HRO O0DSSLQJ GLY *HRO 'LUHFWRUDW

'LOO + * $ FRPSDUDWLYH VWXG\ RI XUDQLXP WKRULX
RI WHMKUDELDQ 3HQLQVXOD DQG PLQHUDO GHSRVLWYV ZRUOGZ

(UDIHM 1 *DV *HRFKHPLVWU\ DQG ,VRWRSLF 6LJQDWX
-RUGDQ )2* )JUHLEHUJ 2QOLQH *HRORJ\

)IVWHU + - )J[VWHU $ 2EHUKIQVOL 5 B6WURPH\HU
WKHUPDO VWUXFWXUH Rl WKH $UDELDQ 6KLHOG LQ -RUGDQ

+DUVKEDUJHU ,Q 0DQDJLQJ :DWHU IRU 3HDFH LQ WKH
ENOXUDNDPL |0MKNVD&EQUWHG 1DWLRQV 8QLYHUVLW\ S

+HPEDFK +XVHLEHK O 7KH JHRORJLFDO DQG K\GU
EHWZHHQ WKH +HMD] 5DLOZD\ 4DWUDQD (O +DVD DQG WKH
UHSRUW DQG PDSV 15% -RUGDAQ
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J,EUDKLP .0 $0O ODODBHXFK$HPLVWU\ DQG YROFDQLF IHDW
)DKGD $ <RXQJ YROFDQLF ILHOG -L G \QLFOWQN(OAHVKY 88FUDELD -

-DUUD * 6WHUQ 5 - 6DIIDULQL * $0O =XEL + /DWH
LQWUXVLRQV Rl -RUGDQ LPSOLFDWLRQV IRU FUXVWDO JU
$IULFDQ 2URJHQ 3UHFDPE 5HVHDUFK

/IH 1LQGUH < O 9DVOHW ' /IH OpWRXU - %HUWUDQ -
PRGHOOLQJ RI WKH $UDELDQ 30ODWIRUP IURP 3HUPLDQ WR

IOR\G - : 7KH K\GURJHRORJ\ RI WKH VRXWKHUQ 'HVH
THKQLFDO UHSRUW SURMHFW p,QYHVWLIJDWLRQ RI WKH
SRPH

0ODQQ $ : '"HXWVFKHU 5/ *HQHVLY SULQFLSOHV IRU
FDOFUHWH GUDLQDJHV LQ ZHVWHUQ $XVWUDOLD (FRQ *HR

ODVUL % +DODW $PPDU DQG $0O0 0XGDzZzzZzDUD PDS VKHH
I1DVXUDO 5HVRXUFHV $XWKRULW\ *HRO 'LY *HRO %XOO

ORKYIG % . 3RZHOO - + 8UDQLXP GLVWULEXWLRQ LQ
*URXS <DUPRXN 9DOOH\ QRUWKZHVW -RUGDQ -RUG - (DU
SDUODN 2 5SREHUWVRQ §$ 7TKH RSKLROLWH UHODWHC

UROH LQ WKH WHFWRQLF VHGLPHQWDU\ VHWWLQJ RI 7HWK\
0DJ

SLFDUG / 7KH 3UHFDPEULDQ RI WKH QRUWK $UDELI
-WWXVDOHP *HRO 'HSW %XOO S
3RZHOO - + 7KH JHRORJ\ RI .DUDN O0ODS VKHHW 1R

15¢$ $PPDQ

3RZHGO - D 6WUDWLJUDSK\ DQG VHGLPHQWDWLRQ RI WK
VRKWRUGDQ 3DUW $ 5DP DQG .KUHLP *URXSV -RUGDQ 1D
‘LY *HRO %XOO S
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3RZHOO - + E 6WUDWLJUDSK\ DQG VHGLPHQWRORJ\ R
VREKMUQ -RUGDQ %XOOHWLQ *HRORJ\ 'LUHFWRUDWH 1D\
(QHUJ\ DQG OLQHUDO UHVRXUFHV $PPDQ 3DUW % .XUQXE

BRZHOO - + ORKTG % . (YROXWLRQ RI &UHWDFHRXV
ODWIRUP VHTXHQFHVY LQ FHQWUDO DQG VRXWK -RUGDQ *H

4XHQQHOO $ 0 7KH JHRORJ\ DQG PLQHUDO UHVRXUFH
*HRORJ\ DQG OLQHUDO 5HVRXUFHYV

6DZDULHK $ *HRWKHUPDO ZDWHU LQ -RUGDQ :RUNV
KHDWLQJ XVH RI JHRWKHUPDO UHVRXUFHV LQ $VLD 818 *
7LDQMLQ &KLQD 0D\

BWHLQLW] * %DUWRY < 7KH OLRFHQH 30HLVWRFHQF
WKH 5LIW LQ ODIBKWRRED$DOWYV ,VU - (DUWK 6FL
7RGV 3 ' +DPEOHWRQ -RQHV % % 'HILQLWLRQ DQG F

GHSRVLWV ,$($ 9LHQQD

"RXEL 1 5HFHQW GHYHORSPHQWY RI XUDQLXP H[SOR
OHHWLQJ RQ 3XUDQLXP H[SORUDWLRQ DQG PLQLQJ PHWKRGV

=HUHLQL ) 6HGLPHQWSHWURJUDSKLH XQG &KHPLVPX\
ODDVWULFKW 2EHUNUHLGH GHU 3KRVSKDW /DJHUVWIWW|
%HU*FNVLFKWLJIXQJ LHKDIQW IXWHM « KHURKAQAN VHQVFKDIWOLFKH
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&KDSLWUH , OpWKRGRORJLH HW 2XWLOYV

IHV pFKDQWLOORQV RQW VXLYLV XQ SDUFRXUV GTDQDC
PDFURVFRSLTXH PLFURVFRSLTXH PLFURVFRSH RBHWLTXH F
WUDQVPLVVLRQ PLFURVRQGH pOHFWURQLTXH DQDO\VH)
VSHFWURPpWULH 5%$0$1 HW SDU DEODWLRQ ODVHU FRXSOp
EUR\pVY HW SRUSK\ULVpV DILQ GfrWUH DQDO\VpV SDU ,&3 06
JpRFKLPLTXHV RQW pWp WUDLWpHV DYHF GLIIpUHQWYV G
OLWKRIJHRFKHPLVWU\ HW VLJPDSORW

0,&526&23,(

/JHV PLFURVFRSHY RSWLTXHV XWLOLVpV HQ OXPLqUH WUDQ
20\PSXV %; HW %+ /HV DQDO\VHV VHPD X 6HQW LMD &WR P A X
GH OLFURVFRSLHV (OHFWURQLTXHV HW G #§VDOQF\U R B@O\\
PLRUFRSLH pOHFWURQLTXH j EDOD\DJH DYHF GHV 0(% | *F
PPLVVLRQ IURLGH HW -(2/ - ) FDWKRGH FKDXGH FRXS
SHUPHW GH UHFXHLOOLU OHV SKRWRQV HQ IRQFWLRQ GH
VSHFWURPQWUH ('6 GH W\SH 6'" HW XQ VSHFWURPqWUH :'
UHFXHLOOLU OHV SKRWRQV HQ IRQFWLRQ GH OHXU ORQJXH
PTXLSp GIXQH GLRGH ('6 .(9(; VLIPD D pJDOHPHQW pWp XW
&$0(&$ 6; HVW XQ PLFURVFRSH pOHFWURQLTXH FRXSOp |
ORQJXHXU GTRQGH :'6 HW XQ UpJXODWHXOLMNDH) FRXUDQW 68

ID QDWXUH FRPSOH[H GH FHUWDLQV pFKDQWLOORQV D Q]
DGGLWLRQQHOOHYV GpFULWHV FL GHVVRXYV

'(17,),&$7,21 '(6 )5$&7,216 ),1(6

/HV IDFLHV FDUERQDWpV SYMPPBEEOHRABQWpEURDLN DWW T
SRXU VpSDUHU OD IUDFWLRQ ILQH (QVXLWH LOV RQW VX
FBWULIXJHXVH HW RQW HQILQ pWp GpSRVpV VXU GHV OC
DQDO\WpHYV HQ WURLV SKDVHYV

DQRDO\WH j WHPSpUDWXUH DPELDQWH
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&KDSLWUH , OpWKRGRORJLH HW 2XWLOYV

DQDO\WH DSUqV VDWXUDWLRQ j OfpWK\OgqQH JO\FRO TXL
JRQIODQWHYV

QDO\WH DYHF FKDXIIDJH f&

/JHV GLITUDFWRJUPWPBHY XRQWD X /(0 SDU 5pJLQH ORVVHU 5X
(QYLURQQHPHQW HW OLQpOR®XQEBLH GH 9DQGRHXYUH

"(7(50,1$7,21 '(6 &20326,7,216 (1 (/(0(176 0$-(856 75%$&(6
(7 &+,0,( &203/(0(17$,5( ) 6 ',2:,'( '( &$5%21( 727%$/
&$5%21( 25*$1,48(

/IHV URFKHV VRQW ILQHPHQW EUR\pHV SXLV DQDO\VpHV SD
pPOpPHQWY PDMHXUV ,&3 $(6 HW WUDFHV ,&3 06 SRXU [
POPpPHQWDLUHY SRXU GHV pOpPHQWYV FRBHGOWRMWDH UGH\R F
GH FJUERQ&2 WRWDOH HW FDUERQH RUJDQLTXH &RUJ /¢
VRQW DQDO\VpV SDU VSHFWURPQWUH GYpPLVVLRQ HW VSH
IOXRU VRQW PHVXUpHV SDU IXVLRQ DOFDOLQH /HV SRXGL
VBLXP HW GH OfHDX SXLV FKDXIIpHV j f& [/H IOXRU H
POHFWURGHV GWROMRWXYUHHW &V RW VRQW PHVXUpV SDU FD
6& '5 &HW BRUPpV SHQGDQW OD FDOFLQDWLRQ VRQW
LQIUDURXJH /H FDUERQH RUJDQLTXH HVW PHVXUp DSUQV O

/JHV DQDO\VHV RQW pWp UpDOLVpHV SDU OH 6$50 6HUYLFH
DX &53* j 9D Q G@RMIKNW H

"(7(50,1%$7,21 "( /% )5%&7,21 +<'537(( (7 28 &$5%2137(( '(6
$3%$7,7(6

/IHV SKDVHV K\GUDWpHV HW RX FDUERQDWpPHV QTpWDQW
PLFURVFRSLTXHV FODVVLTXHVY OD PLFURVSHFWURPpWULH
OTpWXGH GHV DSDWLWHYV
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&KDSLWUH , OpWKRGRORJLH HW 2XWLOYV

/ID PLFURVSHFWURPpWULH 5DPDQ HVW XQH WHFKQLTXH QR
DQDO\WHU OHV HVSqQFHV SUpVHQWHY GDQV OHV LQFOXVLRQ

8Q ODVHU PRQRFKURPDWLTXH YHUW HVW HQYR\p VXU OTj
FROOH QL PpWDOOLVDWLRQ /HV SKRWRQV UpDJLVVHQW
HQYR\pH j XQ PRQRFKURPDWHXU TXL PHVXUH VRQ LQWHQVL
GLIIpUHQWHY ORQJXHXUV GJRQGHV GX UD\RQQHPHQW GLII
UD\RQQHPHQW ODVHU PRQRFKURPDWLTXH DYHF OHV OLDLV
LOQWHUDFWLRQ FRQGXLW j XQH H[FLWDWLRQ GHV OLDLVRQV
GX UD\RQQHPHQW SKRWRQLTXH LQFLGHQW GRQW OD ORQJ
PROpFXODLUH H[FLWpH HW VRQ LQWHQVLWp SURSRUWLRQ
DQDO\WHV RQW pWp UpDOLVpPHV JUKFH j OYDLGH GH ODULH
XQ /DE5$0 HW XQ /DE5$0 +5 +RULED-RELQ<YRYXP IFRXS &R jOXX
PLFURVFRSH RSWLTXH 20\PSXV %;

0(685(6 '(6 7(1(856 (1 7(55(6 5%$5(6 (7 (1 85%$1,80 '(6
$3$7,7(6 (7 0,1(5$8; '185%$1,80

/YTDEODWLRQ ODVHU FRXSOpH j XQ VSHFWIGP MM SOH \
WHFKQLTXH GHVWUXFWLYH &H GLVSRVLWLI D SHUPLV GH
XUDQLXP GHV SKRVSKDWHV HW GHV PLQPUDOLVDWLRQV

FRQVLVWH j YDSRULVHU XQH FHUWDLQH TXDQWLWp GH PDW
DYHF XQ ODVHU GH ORQJXHXU GJYRQGH IL[H /H GLDPqWUH
HQ IRQFWLRQ GHV EHVRLQV MQPDWLGUXHMVW ¥DSRPBLVpH

DpURVRO SXLV WUDQWPROMD\YRDY H&Y $QH WRIUFWHURpPGLDLU
SODVPD OHV pOpPHQWYV VRQW LRQLVpV HW VRQW HQVXLW
FROOHFWHXU XQLTXH 06 TXL DQDO\WH OHV LRQV HQ IR
ITLQVWUXPHQW XWLOLVp DX *5 DYHF OYDLGH GH 3KLOL
&KULVWLQH %RLURQ FRQVLVWH HQ XQ ODVHU *HR/DV HJ[I
$OOHPDJQH HW XQ ,&306 $JLOHQW F TXDGUXSROM pTXL
XQAHOOX MF WIHRQpRFWRSROH j + /fpFKDQWLOORQ ODPH
FKDPEUH GYDEODWLRQ UHOLpPH j XQ V\VWgPH PRWRULVp ;
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% ; /IH PDWpULHO DEODWp HVW WUDQVSRUWp SDU GH Ofl
HQILQ HQWUHU GDQV OD WRUFKH j SODVPD /HLVHQ HW DO

)2508/(6 6758&785%$/(6 '(6 3+263+$7(6

ITPWXGH GHV SKRVSKDWHV HW OHXU FDUDFWpULVDWLRQ ¢
VWUXFWXUDOHY HW OfpYDOXDWLR® VI XD Q BR QDWH Y B XRU DS
POPWKRGH HVW GpWDLOOpPH GDQV OH FKDSLWUH

50)(5(1&(

JHLVHQ 0 'XEHVV\ - %RLURQPOUKYHBRQW3IRI WKH GHWH
HOHPHQW FRQFHQWKRWLIRGVIQXL G XIDQUROEYLRQE BLWSHU
WHKUPRG\QDPLF PRGHOLQI RI LEMRIFKOR LR VW R P K HR D $\FUH
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&KDSWHU ,, 2ULJLQ RI WKH H[WUHPH SRO\PHWDOOLF HQULFKPHQW R
OLWKRORJLHVY FHQWUDO -RUGDQ

$%675%&7

The sedimentary formations of the Late Cretaceous to Early Tertiary Belga Group correspond
to pure to slightly clayey limestones and minor black shales characterized by a remarkable
enrichment in phosphorous and various redox sensitive elements (Cd, Cr, Mo, Ni, U, V, Zn).
Phosphorous enrichment is related to the great phosphorite deposition event that has occurred
at the southern margin of the Tethys Ocean during this period. The very low organic matter
contents in the limestones, despite their strong enrichment in redox sensitive glésnent
attributed to a deposition in anoxic water but under shallow water conditions permitting the
bacterial degradation of a large part of the organic matter. Most of the elements constituting
the Belga Group sediments have been deposited from the sea water either directly by
chemical precipitation (most Ca and redox sensitive elements) or indirectly through biogenic
activity (P, part of Ca and U), except for the minor detritial contribution presents in some
limestones and more significantly in the shales. Such an origin is also supported by the REE
patterns of the limestones which are similar to that of the present sea water. The anomalously
high concentrations of some redox sensitive trace metals (Cr, Ni and probably Cd) compared
to worldwide black shales is explained by an exogenic metal flux, corresponding to the
leaching of the huge amounts of ophiolites obducted during the collision between the African-
Arabian and Eurasian plates at the same time as the deposition of the Belga Group sediments.
Uranium is substituted for calcium in biogenic apatite in the limestones, but was also directly
precipitated from sea water in the black shales in relation with the suboxic environment with

the periodic anoxia developed during their deposition in restricted deeper basins.

The pyrometamorphism resulting from the burning of organic-rich levels in clayey limestones
has created a further enrichement of redox sensitive elements in the resulting marbles by a
volume loss resulting from decarbonatation reactions and the combustion of the organic

matter.

KEYWORDS: Jordan; Belga Group; major elements; redox sensitive elements;

paleoenvironments; synsedimentary enrichment; exogenic metal flux.
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&KDSWHU ,, 2ULJLQ RI WKH H[WUHPH SRO\PHWDOOLF HQULFKPHQW R
OLWKRORJLHVY FHQWUDO -RUGDQ

,1752'8&7,21

The present paper examines the lower part oBtga Group of central Jordan, which was
deposited from the Late Cretaceous to Early Tertiary. This period is particularly well known
for the extensive deposition of phosphorites variably enriched in uranium along the same
paleolatitude (8° - 15° N), on carbonate platforms, at the southern margin of the Tethys
Ocean, from Turkey to Morocco, through Israel, Jordan, Syria, Iraq, Saudi Arabia, Egypt,
Tunisia, Algeria, and beyond the Atlantic to Colombia and Venezuela (Parish and Curtis,
1982; Soudry et al., 2004). Elevated metallic element contents in the Late Cretaceous to Early
Tertiary black shales have been already reported in Jordan and Israel (Bentor et al., 1963), but
the Belga Group of Central Jordan of similar age is characterized by remarkable enrichment
in a series of redox sensitive elements of most lithologies either organiotricbt. The

origin of such an extreme metal enrichment of the Upper Cretaceous to Early Tertiary
formations at the south-eastern part of the Tethys Ocean is not completely understood, but a

new hypothesis is proposed in this paper.

The main aim of the present paper is to report on the exceptional geochemical characteristics
of Maastrichtian to Paleocene Belga Group in central Jordan, to describe theaidng

mineral association and to discuss the origin of such a remarkable metal enriefimant

does not appear to be simply correlated with the presence of organic matter as in classical
black shales (Holland 1979; Pasava, 1993). The Belga Group lithologies also illustrate the
evolution of sedimentation during a major global warming event and during a major

geotectonic event, which occurred at the southeastern margin of the Tethys Ocean.

*(2/2%,&$/ 6(77,1*

Jordan is situated to the north west of the Arabian Peninsula, separated from Israel and
Palestine by the Dead Sea Rift Valley (Dead Sea Transform) occupied by the Jordan River.
The study area is located in central Jordan, approximately 80 km south-east of Amman
(Fig.11.2).

From Cambrian to early Cretaceous, Jordan was located the northern margin of the Gondwana
super-continent. The area was relatively tectonically stable during the Palaeozoie with a

dominantly continental sedimentation, and minor but widespread marine incursions. These
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conditions of sedimentation continued into the early Triassic but by the Late Triassic to early
Jurassic the area became increasingly more marine with an open sea lying to the northwest
(Ziegler, 2001).

JLIXUH 6FKHPDWLF VWUXFWXUDO PDS RI WKH ZHVWHUC
ILIXUH ,, DIWHU )I[VWHU HW DO 3DUODI

During the Late Cretaceous, subduction of the oceanic lithosphere was initiated to the north
and resulted in the collision of the Arabian platform with the European continent, associated
with folding and obduction of ophiolites (Lovelock, 1984). After this compression event,
extension within the Arabian plate during the Late Cretaceous to early Tertiary caused the
formation of a series of northwest-trending basins (Bender, 1974; Lovelock, 1984). Later
left-lateral strike-slip faulting along the Dead Sea Transform in the Neogene led to the
development of well defined pull-apart basins such as the Dead Sea Basin. From the Late
Cretaceous to Eocene Jordan was covered by an extensive marine transgression from
Cenomanian time, in relation with a global warming event, which resulted in the deposition of
WKHMOXQ DQG %YHOTD JURXSV PRVWO\ FDOFDUHRXY VHGLP|
2011). During the Late Eocene, a regression led to a period of folding, uplift and erosion. This
period is also characterized by a left lateral transtensional event which was responsible for the
Dead Sea rifting, extensive basalt flows mainly in north-east Jordan, but which extend to
Syria and Saudi Arabia, and by localized lacustrine and fluviatile deposits in the Azraq and
Jafr basins (depressions, respectively located at the northeast and southeast of the study area).
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Our study concerns specifically the sedimentary units deposited from Late Cretaceous to early
Tertiary and belonging to the Belga Group in the central part of Jordan (Fig.ll.2). A
lithostratigraphical scheme has been established by Bender (1974), Powell (1989), Alsharhan
DQG 1DLUQ 3XIDKO HW DO 3RZHOO DQG ORKTYG
units in Jordan and adjacent areas (especially Israel, Egypt and Saudi Arabia). The main

lithostratigraphical units are briefly summarized in Table 1.

JLIXUH *fHQHUDOL]HG JHRORJ\ RI WKH '"HDG 6HD 7UDQVIR
DQG JHRORJLFDO GHWDLOHGWKE VIVIX\GHWH G BDQEBU ZL WK
RXWFURSV RI WKH ORWWOHG =RQH &RPSOH[H"’
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The Belga Group consists mainly of limestone, chalk, marl, phosphorite and shale. The
sedimentary succession was deposited during pulsatory phases of marine onlap southward and
eastward across the Arabian Crat@d R ZHO O D QG D RsTgBoup is divided into six
formations, which are in stratigraphic order: Wadi Umm Ghudran (Coniacian-Santonian),
Amman Silicified Limestone (Campanian), Al Hisa Phosphorite (Upper Campanian-Lower
Maastrichtian), Muwaqqgar Chalk Marl (Maastrichtian-Paleocene), Umm Rijam Chert-
Limestone and Wadi Shallala Chalk formations (Tdhlg). This Cretaceous to Paleogene
sedimentary sequence records an overall trend of progressive coastal onlap, punctuated by
brief regressive, low stand sequences, bounded by burrowed condensed horizons during
periods of depositional hiatus, during a globally warm greenhouse climatic regime (Powell
DQG ORKTG

7DEOH ,, 6\QWKHWLF VWUDWLJUDSKLF QRPHQFODWXUH OLV
HQYLURQPHQWYVY RI WKH VWXGLHG DUHD )P )RUPDWLRQ OE OH
$EHG DQG .UDLVKDQ 3RZHOO DQG ORKTYG 3XIDK!
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The architecture of the Late Cretaceous shallow water carbonate platforms existing at the
northern margin of the Arabian plate, to which the study area belongs, is characterized by the
presence of intrashelf basins. These intrashelf basins are depressions of varying sizes and
shapes that occur within tectonically passive and regionally extensive carbonate shelves. They
are separated from the open marine basin by the shelf margin, and are largely filled by fine-
grained sediments having attributes of deeper water sedimentation (lime mud, argillaceous
carbonates, shales and organic shales). This particular palaeogeographical setting is known in
other locations within the Arabian plate (i.e. Oman, Iran) during the Late Cretaceous (Van
Buchem et al., 2002a; Grélaud et al., 2006), but also at other time intervals such as Lower
Cretaceous (Van Buchem et al., 2002b).

Neogene and Quaternary terrestrial and lacustrine deposits in Jordan reflect marine
regression as a result of continuous uplift associated extensive mafic volcanic activity (Al-
Zoubi and Ben-Avraham, 2002, Ibrahim et al., 2003).

[, 7+2675%$7,*5%$3+<

The upper part of the carbonate platform (rimmed carbonate shelf) represented by the
Turonian Wadi Es-Sir Limestone (WSL) is unconformably overlain by the Belga Group
(Fig.l1.3). The Belga Group dominantly consists of chalk, chert and phosphorite and pelagic
OLPHVWRQH $OVKDUKDQ DQG 1DLUQ SRZHOO DQG ORK
the Santonian Wadi Umm Ghudran Formation (WG) which is overlain by the Campanian
Amman Silicified Limestone Formation (ASL) exposed along the Siwaga Fault (Fig.11.2). The
ovelying Upper Campanian to Lower Maestrichtian Al Hisa Phosphorite Formation (AHP) is
subdivided into three members from bottom to top: the Sultani Phosphorite, the Bahiya
Coquina, and the Qatrana Phosphorite (Powell, 1989). The AHP consists of phosphorite,
chert, marl, and limestone deposited on the mid to inner parts of the broad sea shelf, enriched
in organic matter derived from nektonic fauna and phytoplankton. The high phosphorous
content results from the high organic productivity which has occurred at the southern margin
of the Tethys Ocean as that time (Alsharhan and Nairn, 2003). In the study area the phosphate
enrichment of these units remains moderate and does not reach the level observed in the
phosphate mining areas located to the south and north of the study area. The overlying

Maestrichtian to Paleocene Muwaqqgar Chalk Marl Formation (MCM) is the most extensively
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exposedock unit in the study area. The MCM consists of marl, chalk, limestone and shale.

The basal and, locally, the upper part of the MCM is rich in organic matter locally known as
MRLO VKDOHVY 7KH 0&0 IRUPDWLRQ ZDV GHSRVtLWHG LQ D
basal bituminous horizons were accumulated in local anoxic basins which were bounded by
HIWHQVLRQDO IDXOWV 3RZHOO DQG ORK{IG 7TKH XSS
represented by recrystallized limestones termed marbles. Narrow basaltic like dykes and sills

are injected all over the area in the MCM formation. The unconformably overlying Eocene

Um Rijam Chert Limestone Formation (URC) is also locally recrystallized and contains
organic-rich rocks in its lower part. The URC was deposited in an outer shelf, deeper water

and more pelagic environment and represents the uppermost formation of the Belga Group in

the area. The upper most sedimentary units consist in unconformable Pleistocene travertine,

and fluviatile to lacustrine deposits, and finally by Holocene to present-day alluvium.
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JLIXUH ,, &KURQR OLWKRVWUDWLJUDSKLF FROXPQ RI FHQWUD(
DQRG PDFURSKRWRV RI RQH RI HDFK OLWKRORJLF J
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$1$/<7,&$/ 0(7+2'6

36 samples (3 bioclastic limestones, 5 shales, 18 limestones, 10 marbles) have been selected
from outcrops, trenches and exploration drilling of JORDAN AREVA RESOURCES in the

Al Hisa Phosphorite (AHP), the Muwaqgar Chalk Marl (MCM) and the lower part of the Umm
Rijam Chert-Limestone (URC) Formations of the Belga Group (MaastrichtiarLower
Paleocene) (Fig.3).

Polished thin sections have been studied by transmitted and reflected optical microscopy,
Scanning Electron Microscopy (SEM) coupled with an Energy Dispersion Spectrometer
(EDS) (Hitachi S-4800, JEOL J7600F)py Transmitted Electron Microscopy (FEI CM 20
TEM), and by a CAMECA SX100 electron microprobe at the Service Commun de
Miscrocopies Electroniques et de Microanalyses X, Université de Lorraine, Vandogsivre-|
Nancy. Whole rocks were analyzed by ICP-AES for major elements, ICP-MS for 42 trace
elements, and total sulphur, organic carbon, total carbon dioxide and fluor at the Service
d'Analyse des Roches et des Minéraux (SARM), CNRS-CRPG, NangtotCCorg and Stot

are measured by calcination at 1400°C (Leco SC 144DR) &@ SQ formed during
calcination were estimated with an Infrared detector. Corg is measured after carbonate
destruction with HCI. Fluor concentrations were measured by alkaline fusion. The powdered
sample was mixed with sodium carbonate and water, and then was fused at 990°C. The fluor
is directly measured with a fluoride selective electrode. Shales and calcium-rich lithologies
have been analyzed by X-Ray Diffraction to determine complex mineral phases. Samples
were decarbonated with hydrochloric acid, washed by centrifugation and lastly deposited on
thin sections. They were finally analyzed by three ways: at room temperature, heated at 550°,

and with ethylene glycol saturation to determine the presence of expansive clays.

5(68/76
5.1.Materials
5.1.1. Al Hisa Phosphorite Formation

The bioclastic limestones of the AHP formation correspond to wackestone-packstone facies.

They contain abundant biogenic phosphates occurring as skeletal fragments (several
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millimeter long), aggregates (up to 5 mm in diameter), ooids (up to 400 pum), and nodules (up

to 300 um) (Fig.ll.4a). These phosphates are dominantly orange-brown colored, rarely
colorless. These elements are embedded within a micritic mud except for the bioclastic
oolithic grainstone (9502-18) which shows sedimentary laminations, atlteyieds of chert

and beds of microsparrite (Fig.ll.4a). Besides biogenic phosphates, this limestone presents
siliceous bioclastic fragments (micro grains of quartz and fibrous quartz) and silicophosphated
aggegates. Some micro grains of quartz are observed within the muddy matrix. A bioclastic
limestone (JRD10-15 packstone) congaia great diversity of well-preserved benthic
foraminifera (up to 1 mm), and biogenic phosphates as skeleton fragments (several
millimeters), and aggregates (up to 2 mm) embedded in a micrite khxda oxide,
romanechite ( % 2 + 0 Q2 RFFXUV DV DJJUHIJDWHYV RI PLFURFU\V
FU\WVWDOV 6HFRQGDU\ XUDQLXP YDQDGDWHYV KDYH EHHQ R
RI PLFURFU\VWDOV DQG ILOOLQJ VSDFHV —P EHWZHHQ F

2LO VKDOHV RI WKH ORZHU 0XZDTTDU &KDON ODUO )RU

Oil shales occurring at the base of the MCM Formation are laminatecdgréimed grey

clayey marls with shells clasts and rare woody fragments. Discrete, isolated lamina
disruptions suggest weak bioturbation. Within the shales, rare parallel orientated bivalves
clasts suggest lamination. Some samples show a large numbers of foraminifera (mainly
planktonic species, related to Globigerinidae). The shales consist of fine admixture of clay
minerals (smectite, illite) organic matter, quartz, cristobalite and calcite. Fluorapatite occurs
as skeleton fragments and irregular nodules, oriented along the laminations. The matrix of the
shales contains disseminated framboidal pyrite (5um) and Cd-rich sphalerite crystals (up to 30
pm large aggregates and 1um large microcrystals) underlining the stratification (Fig.ll.4b).
The sphalerite microcrystals are associated with organic matter, or are included in phosphates.
Uranium oxide micrograins (rounded crystdislpum) are heterogeneously distributed in the
matrix of the shales. Two of the samples (JRD10-12A, B) are crosscut by a nearly vertical
FDOFLWH YHLQ 9XJV LQ WKH FDOFLWH YHLQV DUH ILOOHG
the sphalerite balls. At the margin of the vein various sulfides are associated with small
fibrous uranium oxide crystals (< 1um) (Fig.ll.4c) probably recrystallized from the shale
matrix during the percolation of the fluids that led to the crystallization of the calcite in the
veins. Zeolites (heulandite, clinoptilolite) have been determined in the shale matrix by MET
analysis.
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5.1.3. Limestones of the Muwaqqgar Chalk Marl Formation

Limestones of the MCM Formation have variable colors (beige, pink-beige, pink-brown, grey,
to black). There are two types: non recrystallized limestones, and recrystallized limestone.
Nonrecrystallized limestones consist of a micritic matrix, arounded foraminifera (up to 1mm)
and biogenic phosphates (up to 2mm). One of them (JRD10-08) consastsa@itic matrix
between microsiliceous nodules (500 um) and biogenic phosphates (up to 2 mm). There is
porosity within the bioclasts which may represent evidence of a diagenetic replacement of
initial calcite by silica. It appears as small areas that consist of cloudy zones of radial-fibrous
quartz. Locally there is fracture porosity (late diagenesis ?) that cuts across the fabric elements
of the rock. Within the available space, large sparitic crystals developed. The initial internal
structure of foraminifertV WRWDOO\ GHVWUR\HG E\ VLOLFD UHSODFH
texture). In diagenetic recrystallized limestones, the rock consists of a mosaic of euhedral
calcite rhombohedron (50 um) clay minerals (Mg-smectite type) located between the calcite
crystals. One limestone (JRD10-22) presents some dolomite crystals (Fig.ll.4d). Pyrite
framboids are most commonly associated with clays minerals and organic matter between the
calcite grains, and sometimes with native selenium (Fig.ll.4e), and with siliceous algae.
Pyrite, together with barite and iron oxide may, also replace the foraminifera and others
microorganisms. Sr-rich barite and native selenium crystals (micrometric aggregai@sis
inclusions in calcite crystals (up to 100 pum) in association with pyrite or clays minerals and
organic matter. The foraminiferal black limestone (JRD10-19) shows some uranium
vanadates adjacent to late calcite veins.

5.1.4. Marbles of the upper Muwaqggar Chalk Marl and lower Umm Rijam Chert-

Limestone Formations

Marbles of the top of the MCM Formations and at the base of the URC Formation are
varicolored (brown, black, pink, red, and green). They dominantly consist of calcite,
carbonate-fluorapatite and calcium silicates. Calcite appears as xenomorphic elongated grains
(up to 200 um). Phosphates occur as micrograins (up to 1 mm) coating the elongated calcite
grains. A series of higlemperature, sub-idiomorphic to idiomorphic (50 pm, up to 1 mm
long) carbonated calcium silicates (spurrite, jennite-afwillite-tilleyite type) and oxides
(brownmillerite, srebrodolskite, perovskite, hydrocalumite, mayenite) (Fig.ll.4f) are
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disseminated between the calcite and carbonate-fluorapatite minerals within the matrix of the
marbles. Ba is hosted by barite, sometimes with powellite (Cal)agdund calcite grains.

The marbles are rich in a variety of metallic mineralsZ8eNi sulfides like millerite, and
sphalerite, pyrite and native copper disseminated in the matrix, uranium oxides occurring as
poikilitic grains (up to 70um) (Fig.1l.4g), and as inframicrometric (up to 10um) inclusions in
the phosphates, complex non-identified mineral phases containkegNs-Cu-Se-Cr-Zn-Mo-

Ba found as micro-inclusions in the phosphates, together with microcrytals of barite, Ni-Se
sulfides (makinenite) and Zn-Se sulfides (stilleite). Veins filled by calcium silicates
(kumtyubeite) are associated with bultfonteinite (F-silicate). These secdDdarljcates are
associated with sulfides like Cd-rich sphalerite and gersdorffite (NiAs) and sulfates like
ettringite (CgAl(S0Oy)3(0OH);12.26H,0), hashemite (Ba(Cr,S)YP(Fig.ll.4h).

JLIXUH ,, D OLFURSKRWRJUDSK 30ODQH 3RODUL]JHG /LIJKW %L]|
E VKDOH -5 $ F VKDOH -5 % G OLPHVWRQH -5 H Ol
-5' J PDUEOH -5 K PDUEOH -5 $ %DU EDULWH ¢

EURZQPLOOHULWH &DO FDOFLWH &D6L FDOFLXP VLOLFDWH &
IOXRUDSDWLWH &/ FOD\ PLQHUDO 'RO GRORPLWH (WW HWWL
+VK +DVKHPLWH R RRLG RI SKRVSKDWH 20 RUJDQLF PDWWHU
VUHEURGROVNLWH VN 3 SKRVSKDWH VNHOHWRQ 8R[ XUDQLXP
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5.2.Major element geochemistry

Whole rock major element analyses are given in tdbke Carbonate is quantitatively the
most significant component over most of the Belga group lithologies, with a mean content of
62.71 wt% CaC@ However, the concentrations are highly variable (from 3.64 to 96.92 wt%
CaCQ, Tablell.2). The clay mineral abundance is low in most lithologies (0.05< wt%
Al,0O3< 3.12) and remains moderates in the shales (3.62< wi@Ab.18) (Table 11.2).

The bioclastic limestones(AHP ) present large variation of Ca (13.64<Ca0<48.67 wt%),
carbonate (5.28<CaGe85.77 wt%) and silica (9.06<Sj©72.41 wt%) contents reflecting

the variable proportions of synsedimentary silica, mostly of biogenic origin with a Ge/Si ratio

( Ge/Si 0.36 10° +2.36° 10°) inferior to those of the clastic ratio of the land-derived clastic
supply (Tribovillard et al., 2011). Mg contents is very low (0.11<Mg0<0.43 wt%) indicating
the absence of dolomite and of magnesian clay minerals. The variable phosphate content
(1.19<R0s<7.58 wt%) reflects the abundance of phosphates clasts and nodules. The silica-
rich limestones have the highest phosphate content.

The limestone of the AHP Formation tend to have lower minor element contents (Al, Fe, Mg,
Ti) than those of the MCM Formation indicating an extremely low contribution of detritial
material. Its phosphate content is higher (up to 7.58 wi@)Rand one sample is extremely
rich in silica (9502-18). Their total organic carbon (TOC) and total sulfur (TS) contents are
very low (Tablell.2).

The shales overlaying the AHP bioclastic limestone, have low.@l contents (3.62<
Al,03<6.18 wt%) indicating low clay mineral content for shales, but high and very variable
silica (26.31<Si@<51.61 wt%) and carbonate (3.64<Cag86.48 wt%) contents. The
samples with the highest carbonate contents correspond to marls. Their high ignition loss
(27.15<1.L.<39.11 wt%) reflect the presence of large amounts of organic matter (TOC)
(9.39<TOC<16.79 wt%) and to a lesser extend of carbonates, sulfur (2.53<TS< 4.29 wt%),

and water from clay minerals. Their phosphate content is moderate (13<FP56 wbb).

The limestones of the MCM Formation present a large variation of carbonate
(39,88<CaC@x 96.92 wt%) and silica (1.86<Sj€82,16 wt%) contents reflecting the
variable abundance of rounded siliceous nodules (chert, replacement of calcium carbonate by

silica) dispersed within a micritic matrix. Variable Mg contents (0.16<MgO<7.01) wt%
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indicate dolomitisation of some limestone (JRD10-22) and the presence of magnesian clays
minerals. The MCM limestones are poorer in phosphate (0.200s<P3,07 wt%) than
underlying bioclastic limestones. Their organic carbon content is also generally very low (12
samples among 18 have TOC < 0.06 wt%), except two samples with 1.19 and 1.27 wt% TOC
. Their sulfur content is also generally very low (11 samples among 18 have TS < 0.07 wt%),
except four samples with 0.39 to 0.66 wt% TS. The sample with the highest sulfur content
(JRD10-73) is poor in organic carbon.

The marbles, have high Ca contents (50<CaO<55 wt%), but relatively low carbonate
contents (9,31<C&x 39,43wt%) indicating the presence of other Ca-bearing minerals than
carbonates. Calcium also enters in the structure of the phosphates {@42€P17 wt%)

and in the silicates (0,64<SiK10.21 wt%). Their low Mg (0.27<Mg0O<0.77wt%), Fe
(0,07<Fg03<1,34 wt%), and alumina contents (0.175@4¢<3.21 wt%) indicate the low
proportion of dolomite and clay minerals in the initial sediments. Their organic carbon
(<0,02<T0OC<0,04 wt%) content is extremely low but their sulfur content (0,05<TS<1,11
wt%) is significant. This indicates that the dark color of the marbles is not related to the

presence of organic matter, but mostly to the presence of finely disseminated sulfides.
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7TDEOH ,, &RQFHQWUDWLRQV RI PDMRU PLQRU WUDFH DQG
OLWKRORJLHYV

EP ELRFODVWLF OLPHVWRQH V VKDOH O OLPHVWRQH P
VDPSOHV RI DQRWKHU GULOOLQJ
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7TDEOH ,, &RQWLQXHG
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7TDEOH ,, &RQWLQXHG

52



&KDSWHU ,, 2ULJLQ RI WKH H[WUHPH SRO\PHWDOOLF HQULFKPHQW R
OLWKRORJLHVY FHQWUDO -RUGDQ

The variation of the proportion of the major rdokming minerals in the various lithologies

of the Belga Group is illustrated by a series of ternary diagrams (Figtdl.B&c). In the
CaD-Si0O,-5Al1,05 diagram (Fig.ll.5a) most of the limestones represent a mixture between
cabonate, and a pole of a clay (montmorillonite-illite type) with minor quartz contribution. In
contrast the silica-rich limestones are very poor in clay minerals and plot outside the trend
defined by the other limestones. Hence, silicification cannot represent a late event, because a
dilution trend between the Si-poor and Si-rich limestones is not observed. If the process of Si-
enrichment would be silicification, in figure I1.5a, the silica-rich samples should plot on a
dilution trend between the field defined by the silica poor limestone which has variable clay
content, and the silica pole. In fact the silica-richest samples plot on the CaO-SiO2 side with
no clay minerals, they are nearly devoid of detrital contribution. The Si-enrichment of some
limestones has to correspond to a synsedimentary-diagenetic feature. The amount of detrital
clay minerals and quartz being minor, silica most probably results from deposition of
siliceous plankton, and/or eventually from a pure chemical precipitation. In the CaOs10P

SiO, diagram (Fig.ll.5b), the enrichment in phosphates is nearly proportional to the silica
enrichment except for a few samples. This correlation is interpreted as a concomitant
precipitation of silica and phosphorous, both of organic origin, together with the carbonates in
the limestones. In the Ca00,+SIO, diagram (Fig.ll.8) some samples are richer in £0

than calcite reflecting the presence of organic carbon (up to 1.27 wt% TOC) and some other
are richer in Ca than calcite because of their enrichment in phosphates (up to 7.58 wt %). In
the marbles most of the silica was initially bound to the clay minerals as indicated by thei
nearly constant Si/Al ratio (§.11.5a). The marbles are the richest in phosphate, but poor in
silica (Hg.11.5b). In the CaOE0,+SiO, diagram increasing CaO/GQ@atios indicates not

only the enrichment of the samples in phosphates, but also the decarbonatation reactions
which results from the development of the high temperature Ca-silicate phases observed
during the mineralogical study. The shales are characterized by a high proportion of silica for
a relatively low clay content, high carbonates contenig.l(/5a) and relatively low
phosphorusontent (kg.11.5b). They are richer in organic carbon with carbon contents well

abo\we the quantity required for calcite (Fig.Il.5c)
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JLIXUH ,, 7THUQDU\ GLD$@ PN &SHOORDB326LE &D2 &RWRWDO

*UH\ VTXDUH ELRFODVWLF OLPHVWRQHV WULDQJOH VKDOHV Z

$S DSDWLWH $6 DYHUDJH VKDOH :H&HSHRKOWERYXRWES EWOWHD (
LOOLWHOLQ@QWMDRQW PRQWPRULOORQLWH 4W] TXI
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5.3. Redox sensitive element geochemistry

Trace elements contents are presented in t&l@leand figure 11.6.All the lithologies of the

Belga Group are anomalously enriched in redox sensitive elements. The redox sensitive trace
elements are much more enriched than in most organic-rich sediment occurring in the world
in absolute concentration and even more when normalized to the Al content of the rock
(Fig.ll.6). The shales are the most enriched in zinc (427-9048 ppm), uranium (134-5899
ppm), vanadium (337-1037 ppm), molybdenum (175-951 ppm), nickel (182-717 ppm),
strontium (361- 692 ppm), chromium (265- 483 ppm), and cadmium (85-349 ppm).

JLIXUH ,, (QULFKPHQW IDFWRU () RI PDMRU PLQRU DQG WUL
2& ULFK VHGLPHQWYV PRGLILHG DIWHU %UXPVDEN
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The limestones of the MCM and of the AHP formations, despite their lower trace element
enrichment compared to other lithologies, are characterized by high concentrations of redox
sensitive elements compared to common limestones: As (0<As<25 ppm, mean(m)= 10 ppm),
Cd (0.86<Cd<468 ppm, m= 40 ppm), Cr (28<Cr<502 ppm, m= 155 ppm), Cu (6<Cu<87,
m=33 ppm), Ni (16<Ni<164 ppm, m=69 ppm), Mo (1<Mo<32 ppm, m=8 ppm), U (4<U<59
ppm, m=15 ppm), V (29<V<358 ppm, m=141 ppm). Zn and Cd are hosted both by sphalerite
with hawleyite or its dimorph greenockite (both CdS) reflecting the high Cd/Zn of some
samples L H &G =Q§8 -8R As5Cu, Mo and Ni also occur as sulfides. The good
correlation between U and P indicates that U is dominantly hosted by apatite, except in the U
richest limestone (JRD10-19 with 51 ppm U) which is one of the poorest in phosphates (0.55
wt% P.0Os) and where uranium is hosted in secondary uranyl vanadates observed along
fractures. Some other elements, non redEssitives like Ba (8<Ba<790 ppm, m= 165 ppm)
and Sr (239<Sr<1491 ppm, m=541 ppm) are also enriched. Ba occurs as barite and hashemite,

and Sr is mainly substituted in calcite.

The marbles have still higher concentrations in many of these trace elements already enriched
in the limestones (Tabk 2 and Fig.ll1.6).

Rare earth elements

All the lithologies of the Belga Group are poorer in REE than the Post-Archean Australian
Shale (PAAS) (McLennan, 1989) and present a different global fractionation trend (Fig.ll.7a).
Lower REE contents reflect a lower initial clay content of these lithologies with a maximum

of 6.2 wt% ALO; against 16.7 wt% for the Average Shale (Wedepohl, 1971, 1991). They tend

to be richer in the heaviest REE relatively to the lightest ones. The REE patterns are also
characterized by cerium negative anomalies (0.36< Cglee0.85) relatively to the PAAS.

The reverse fractionation of the REE and this anomaly are the strongest for the marbles and
the weakest for the shales. These characteristics are similar to those of sea water (Fig.ll.7a)
(Zhang and Nozaki, 1998) reflecting their origin indirectly through their incorporation in
biogenic carbonates and/or eventually by direct chemical precipitation from sea water with
the carbonates. Seawater patterns, with the negative cerium anomalies, result of the direct
incorporation of REE from seawater, or from pore water after early-burial diagenetic

remobilization of REE from a REE carrier which has itself incorporated REE's directly from
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seawater.
REE may be incorporated from seawater, or from occluded and associated biogenic or clastic

debris via remobilization into pore water (McArthur and Walsh, 1984/1985).

The marbles are the richestQ 5 (( 5(éan =69 ppm, 5 (( maximum=218 ppm),

probably in relation with their higher phosphate content and the relative enrichment resulting

from the volume loss as discussskdHUHDIWHU 7KH OLPHVWRQHYVY DUH WK|
mean =20 ppm) because they have low phosphate and detrital particule contents. The diagram
Al+P versus REE (Fig.I1.8) shows the positive correlation between the abundance of REE and

tha of phosphate and detrital particules given by the amount of Al.

Individual REE patterns of the limestones (AHP and MCM fm.) show a great variation of
REE abundance and of the negative Ce anomaly intensity (0.29<Ce/Ce*<0.95) with
increasing reverse fractionation (0.94<LuN/LaN<3.90) with decreasing REE contents
(Fig.ll.7c, 7e) reflecting the variable proportions of REE derived from sea water and from
detrital particules. However, two bioclastic limestones have anomalously high (Al+P)/REE
ratios. Their REE content is nearly only associated with the phosphates because their alumina

content is extremely low (Table 2).

Themarbles(Fig.11.7b) show weaker variability of their REE patterns (1.93<LuN/LaN<2.78),

a great variation of REE abundance (13.78< (<217.81 ppm) and an intense Ce anomaly
(Ce/Ce* mean = 0.36 ppm) reflecting their variable clay and biogenic phosphate content. The
highest REE content is observed for the marble JRD10-84A which is the second richest in
phosphorous and was also rich in clay minerals as reflected by its high alumina content
(Fig.11.8). With the lowest in C@content it also represents the most decarbonated sample.
This marble is richer in REE than the PAAS except for cerium.

The shales present similar REE abundances and fractionation except one sample with lower
REE content (JRD10-12E) which has the lowest clay content (lowest in alumina). The weak
fractionation of their REE patterns (1.48<LuN/LaN<1.76) and the weak Ce anomalies
(Ce/Ce* mean = 0.85) reflect the predominance of REEs associated with the detrital mineral

fraction as in the average shale and a much weaker contribution from sea water.
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JLIXUH ,, 3$$6 QRUPDOL]JHG OF/HQQDQ UDUH HDUWK HO}
OLWKRORJLHVY D DYHUDJH 5(( SDWWHUQV Rl HDFK OLWKRORJLF
SDWWHUQV RI WKH OLPHVWRQHV G 5(( SDWWHUQV RI WKH VKDC
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JLIXUH ,, $0 3 + 5(( GLDJUDP

',6&866,21
6.1. Redox conditions during sedimentation

All the sediments of the Belga Group were deposited from the Late Cretaceous to early
THUWLDU\ DIWHU WKH PDMRU &HQRPDQLDQ 7XURQLDQ & 7
which was associated with strong enrichments of redox-sensitive elements in organic carbon-

rich sediments, well characterized by Brumsack (2006). These enrichments are usually related

to anoxic bottom waters. Under reducing conditions, the elements are either directly
precipitated as sulphides, co-precgigd with iron sulphides, or bound to organic matter (e.g.

Breit and Wanty, 1991; Piper, 1994; Nijenhuis et al., 1998). The total amount of organic
carbon preserved in sediments is mainly controlled by three factors: organic matter
production, microbial decomposition, and dilution by the rate of sedimentation (Sageman et

al., 2003). Most Belga Group sediments, except the black shales and two limestones have
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TOC contents below the average content of open-ocean sediment (0.3 wt% TOC) (Stein,

1990), the origin of which will be discussed below.

The relation between total organic carbon (TOC) and total sulfur (TS) of the sedimentary rock
has been used by various authors to evaluate the redox conditions existing during
sedimentation in the water column above the sediments and at the level of the sediment/water
interface (see for example Berner, 1983, and references therein). In the Belga Group, the shale
is the only lithological unit significantly enriched in organic matter (Fig.11.9). The high
TOC/TS ratios (2.79 to 5.19) of the shales is slightly lower than the average ratio of normal
marine sediments beneath oxygenated water (Berner, 1983) indicating that the conditions of
sedimentation of the shales were suboxic with anoxic events, a result which is surprising with
regards to the very high redox sensitive metal content of these rocks (Fig.11.9). Similar
condtions are obtained for about one third of the limestone samples. The main part of the
limestones and the marbles with very low TOC contents (below 0.1 wt%) have low TOC/TS
ratios and plot in the anoxic wateranoxic sedimentation field despite their high content in
redox sensitive metals which suggest strong anoxia and even guinea. If the low TOC/TS ratios
of the marbles can be easily explained by the consumption of their initial organic carbon
content (necessary for thdevelopment of the combustion) during their alteration by

pyrometamorphism (see later discussion).

JLIXUH ,, 76 72& GLDJUDP 7KH GDVKHG OLQH UHSUHVHQWYV V
VHGLPHQWYV EHQHDWK R[\JHQDWHG VHDZDWHU %H
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The low Al content (<3.8 wt% AI203) and the high carbonate content of the limestones
indicate a very low rate of dilution by detrital particul€ke dilution may also result from the
deposition of biogenic fragments and may explain at least part of explain the low TOC
content of these sediments. However, the exceptionally high content in redox sensitive
elements in the sediments, even in those poor in organic matter, requires the existence of a
least transient anoxic conditions created by the presence of organic matter on the sea floor
The development of anoxia has been also favored by the global warming event occurring at
that time which decreases the average oxygen level of oceanic waters (Meyer and Kump,
2008). The low TOC content of the limestones is a normal characteristic for carbonates. For
having such low organic matter content in the limestone (despite high content of redox
sensitive elements), the primary organic matter productivity should have been low, and/or the
produced organic matter has been poorly preserved. However, the degradation mechanism
which may have decreased the initial amount of organic matter deposited on the sea floor, has

to prevent the re-oxidation of the redox sensitive elements and their removal from the
sediments. Consequently, anoxic conditions of degradation are necessary (Fig.ll.10). Such
conditions can only result from anaerobic bacterial activity at the sea floor. Under oxygen
deficiency (or suboxic conditions as defined above) denitrification and Mn and Fe reduction
reactions dominates for the degradation of organic mattey JHQV HQ $OVR GXL
WUDQVLHQW DQR[LF FRQGLWLRQV WKH DFWLYLW\ RI VXOID
HILVWHQFH RI IUDPERLGDO S\ULWH LQ WKH OLPHVWRQHYV
UHDFWLRQV SURSRVHG DERYH PD\ H[SODLQ WKH GHJUDGD
LQLWLDOO\ GHSRVLWHG OHDGLQJ WR WKH ORZ 72& 76 UDWL
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J)LIXUH ,FKHPDWLF GLDJUDP RI WKH VHGLPHQWDWLRQ FRQGLWI
VKHOI LWKRXW VFDOH 56( UHGR[ VHQVLWLYH HO

6.2. Origin of the phosphate enrichment

Many of the Belga Group lithologies of Late Cretaceous-early Tertiary age are characterized

by a significant but highly variable enrichment in phosphates. Enriched phosphate deposition
occurred at that time over much of the southern margin of the Tethys Ocean due to a series of
exceptional paleogeographic and paleoclimatic conditions (Soudry et al., 2004). More
VSHFLILFDOO\ LQ FHQWUDO DQG VRXWK -RUGDQ 3RZHOO
phosphate content of the Belga Group:

(i) a high organic productivity on the oyster banks that produced abundant carbonate clasts
which were preferentially phosphatised off-bank, but phosphate concentrations of our samples
of the phosphorite formation (AHP) do not reach the level of the phosphorites known in this
regon (Abed et al., 2005);

(i) winnowing and concentration of nektonic skeletal fragments and phosphatized grains in a

shallow water environment;

(iii) relatively low subsidence rate and low pelagic sedimentation rate resulting in a series of

condensed sequences in this facies.
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Most of the limestones have phosphate content below 1 w84 Bxcept five samples, with

1.6 to 3.1 wt% BFOs, which tend to have the highest silica contents (up to 32 wt%).SiO
Similarly, the bioclastic limestones which are richer in phosphates (up to 7.6 @9 Be

also very rich in silica (up to 72 wt% SO As no detritial quartz has been observed in these
samples, and as indicated by the low Ge/Si ratios, most of the silica is probably of biogenic
origin as the phosphates and derived from siliceous plankton. The excellent correlation
observed between Si and P enrichment for the limestones, in the ternary diagram gaO-SiO
10R.0s (Fig.ll.5b), further supports this interpretation. The important development of
phosphottes from Late Cretaceous to Eocence all over the southern shallow marine platform
of the Tethys Ocean, indicates a predominant ocean upwelling type of sedimentation over

much this area (Fig.11.10).
6.3. Origin of the metal enrichment

Most of the lithologies of the Late Cretaceous to Early Tertiary Belga Group in central
Jordan, dominated by carbonate-rich lithologies, are exceptionnaly enriched in a large variety
of trace elements, mostly redox sensitive metals. Several origins can be proposed for such an
enrichment: (i) a primary precipitation of the metals from normal sea water during their
deposition, (i) a primary precipitation from sea water contaminated by an exogenic metal
source deriving from hydrothermal fluids or from river waters leaching weathered rocks
enriched in specific metals, (iii) a secondary deposition (epigenetic enrichment) during burial
from diagenetic fluids by replacement of the carbonates as in Mississippi Valley Type (MVT)
deposits. The case of the marbles with the involvement of decarbonatation and burning

reactions will be discussed in a separate section.

6.3.1. Epigenetic enrichment

An epigenetic metal enrichment of the Belga Group lithologies can be easily ruled out

because:

() the metatbearing minerals occur as very small isolated or crystal aggregates finely
disseminated within the matrix of the rocks, most commonly with a grain-size of a few

micrometers or below the micrometer size, favors synsedimentary deposition of these metals,
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(ii) their distribution tends locally to follow the primary sedimentary bedding, but seldom
occurs in dissolution cavities or in fractures as observed classically in Mississippi Valley
Type deposits (Paradis et al., 2007), except in two samples where recrystallization of some of

the metals occurs at the wall of a fracture filled by calcite in the shales JRD10-12A-B),

(i) the strongest metal enrichment is observed in the shales with the highest organic carbon
content and the lowest carbonate contents, that is, in the rocks which are less permeable and

the less liable to develop dissolution cavities in which the metals can have been deposited,

(iv) the set of enriched elements in the Belga Group sediments is much larger than the
classical one observed in MVT deposits (mainly Zn and‘RbX “&G “$J “1L “&R QH
HQULFKPHQWY LQ &U DQG 9 EXW W\SLFDOO\ FRUUHVSRQ
FRQFHQWUDWHG LQ RUJDQLF PDWWHU ULFK VHGLPHQWYV V
DQG 7RXUWHORW <X HW DO RU RUJDQLF PDWWH
ZKHUHDV 3E D PDMRU PHWDO LQ DOO 097 GHSRVLWYV |

Y LQ K\GURWKHUPDO FRQGLWLRQV DV LQ WKH 097 GHSRYV
HQRXJK WR DOORZ WKH FU\WWDOOL]DWLRQ RI FDGPLXP VXC

W\SLFDOO\ VSKDOHULWH FRQWDLQWYV WR ZW &G
ZKLFK LV RSSRVLWH WR RXU REVHUYDWLRQV LQ %HOTD *l
ZKROH URFN &G =Q UDWLR DYHUDJH &G =Q XS WR

6\QVHGLPHQWDU\ HQULFKPHQW

$ VIQVHGLPHQWDU\ HQULFKPHQW IURP DYHUDJH VHD ZDW
H[ISODQDWLRQ IRU PRVW RI WKH PHWDO HQULFKPHQW RI WK

3S3DbUW RI WKH HQULFKPHQW RI VRPH RI WKH HOHPHQWYV FLC
FRQWHQW RI PDQ\ VDPSOHV RI WKH GLITHUHQW OLWKRORJL
SDRW WKH XUDQLXP HQULFKPHQW FDQ EH DWWULEXWHG W
JURXS OLWKRORJLHV EHFDXVH XUDQLXP LV UHSODFLQJ F
DSDWLWH DV VKRZQ E\ WKH FRUUHODWLRQ EHWZHHQ 3 DQ
. 7KH ITOXRULQH FRQWHQW LV DOVR YHU\ ZHOO FRUUHOI
WKH IOXRULQH ULFK QDWXUH RI WKH ELRJHQLF FDUERQD\
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OF&OHOODQ DQG 9DQ .DXZHQEHUJK 7TKH IHZ OLP
SORWWLQJ DERYH WKH FRUUHODWLRQ FRUUHVSRQG WR VDI
DORQJ IUDFWXUHY DV GHVFULEHG DERYH 7KH PDUEOHV W|
WKH OLPHVWRQHV EXW ZLWK KLJKHU 8 FRQWHQWYV UHODW
WKHLU ORVV RI YROXPH DV GLVFXVVHG DERYH

JLIXUH ,82 GLDJUDP

7KH VKDOHYV DUH DEQRUPDOO\ HQULFKHG LQ XUDQLXP UHO
RI WKH XUDQLXP RFFXUV DV XUDQLXP R[LGH PLFURFU\VWDZC
6XFK D GLVWULEXWLRQ UHIOHFWY D GLUHFW SUHFLSLWDW]
ZLWK UHGR[ FRQGLWLRQV GXULQJ WKH VHGLPHQWDWLRQ \
RI WKH XUDQ\O LRQV GLVVROYHG LQ VHD ZDWHU 7KH TXDQ
WKH FDSDFLW\ RI DSDWLWH WR LQFRUSRUDWH XUDQLXP
VKDOHV XS WR SSP WKDQ LQ WKH PRUERQDWXWOWWHKR
HQRKIPHQW LV QRW FRUUHODWHG WR WKH 8 HQULFKPHQW

KDYH VKRZQ WKDW VWURQJ HQULFKHPHQWYV LQ 8 .0OLQ
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LQ OR (PHUVRQ DQG +XHVWHG RFFXU ZKHUH VXOIDW|
RFHDQLF ZDWHUV 7KHVH REVHUYDWLRQV DUH LQ DJUHHPH!
LQ WKH %YHOTD *URXS VKDOHY DQG WKHLU UHODWLYHO\ KLJ

%HVLGHYVY WKH VKDOHV PRVW RI WKH VHGLPHQWYV RI WKH ¥
VSHFWUXP RI UHGR[ VHQVLWLYH PHWDOV $V &G &U 1L C
RUJDQLF PDWWHU ULFK VHGLPHQWYV )LJ ,, +RZHYHU W
REVHUYHG LQ WKH %HOTD *URXS VHGLPHQWY SUHVHQW D
YDOXHV RI PRVW RI WKH OLPHVWRQH DQG DOO WKH PDUE
DPRQJ KDYH 72& ZW EXW WKLV SRLQW KDV EHHQ Gl
DQG ZLOO EH GLVFXVVHG IRU WKH PDUEOHVY WKHUHDIWHU

WKH UHGR[ VHQVLWLYH WUDFH HOHPHQWY DUH PXFK PRUH
RFFXUULQJ LQ WKH ZRUOG LQ DEVROXWH FRQFHQWUDWLRC(

FROQOWHQW RI WKH URFN )LJ ,, DQRG PRUH SDUWLFXODUO'
SSP DQG &U ssp ZKHUHDV VRPH RWKHUV DUH SUHVHQV
DV 0Q &R DQG OR )LJ ,, LLL D VLIJQLILFDQW FODVWLF

WKHUH LV QR FRUUHODWLRQ EHWZHHQ $0 DQG WKH WRW
VXJIHVWLQJ D GHWULWDO FRQWULEXWLRQ DOWKRXJK WKH
ULFKHVW LQ WUDFH PHWDOV WKHLU $0 WRWDO WUDFH Pl
FOWVF UDWLR RI WKH XSSHU FUXVW 5XGQLFN DQG *DR

72& DQG 76 FRQWHQWY DQG WKH 72& 76 UDWLRV ZLWK WK
HIDPSOH WKH OLPHVWRQH -5 UHODWLYHO\ HQULFKHG L
ZLWK YHU\ ORZ VXOIXU FRQWHQW ZW 76 LH D OF
GHSRVLWLRQ FRQGLWLRQV LV WKH ULFKHVW LQ PRVW UHC(
& X SSP 1L SSP 9 SSP =Q ZKHUHDV VDPSOH -5
72& ZW EXW ULFK LQ VXOIXU 76 ZW LV SRRUHU L
SSP &U SSP &X SSP 1L SSP 9 SSP =Q H[FHSW IF
ZKLFK VHHPV WR EH LQGHSHQGHQW RI WKDW RI WKH RW
VDPSOHV -5' DQG ZKLFK KDYH FORVH DQG UHODWLYH
72& 76 UDWLRV KDYH YHU\ FRQWUDVWHG UHGR[ VHQVLWLYH

7KH YDULDELOLW\ RI SKRVSKDWH VLOLFD DQG WUDFH PFH

HVSHFLDOO\ LQ WKH FDUERQDWHV UHIOHFWV WKH YDULD

VHGLPHQWDWLRQ RVFLOODWLQJ IURP UHODWLYHO\ RJ[LF
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R\JHQDWHG ZDWHU LQ WKH PDULQH HQYLURQPHQW IDYF
LISRUWDQW SKRVSKDWH DEFXPXODWLRQ IURP PDULQH Y}
SMMNWRQ WR VXER[LF ZLWK HSLVRGLF DQR[LF FRQGLWLRC
PDWWHU DQG PDQ\ RI WKH UHGR[ VHQVLWLYH HOHPHQWV
YDULDELOLW\ RI WKH RUJDQLF PDWWHU FRQWHQW RI WKH
GHJUDGDWLRQ RI WKH RUJDQLF PDWWHU E\ WKH EDFWHULL
UDWLRV Rl WKH OLPHVWRQHV DV GLVFXVVHG DERYH DQG
UHODWLYHO\ ORZ LQLWLDO UDWH RI DFFXPXODWLRQ RI WKI
R[LF ZDWHU FROXPQ 7KH ORZ UDWH RI RUJDQLF PDWWHU
VKDOORZ GHSWKV Rl GHSRVLWLRQ RI WKH VHGLPHQWY EH
WKH VHGLPHQW ZDWHU LQWHUIDFH LQFUHDVHV ZLWK GHFU!
RI D YDULDEOH GLOXWLRQ RI WKH FRQFHQWUDWLRQ RI Ul
VXSSO\ RI GHWULWLDO SDUWLFXOHV KDV D PLQRU LPSRUW
*URXS VHGLPHQWYV LV YHU\ ORZ EXW ELRJHQLF FDUERQDW!

8SZHOOLQJ FRQGLWLRQV GXULQJ VHGLPHQWDWLRQ PD\ H[S
%HOTD *URXS VHGLPHQWY DQG VRPH RI WKHLU RWKHU JH!

HQULFKHG WRJHWKHU ZLWK 3 ZKHUHDV &R SSP LQ WKH C
0Q ZW DUH GHSOHWHG LQ XSZHOOLQJ VHGLPHQWYV %
HW DO +RZHYHU WKH &G FRQFHQWUDWLRQV DQG HVS

WKBOHOTD *URXS VHGLPHQWY DUH IDU EH\RQG ZKDW LV
HQYLURQPHQWY 7KHUHIRUH WGHHRULFK®HRQIWWRH WKW Uk i
VHGLPHQWY DV ZHOO DV WKH DEQRUPDO HQULFKPHQWYV LQ
$0 FRQWHQW Rl WKH VHGLPHQWY UHTXLUHV DQRWKHU H[SO

([RRQLF PHWDO 10X]

$Q HI[RJHQLF RULJLQ IRU VRPH RI WKH WUDFH PHWDOV LQ V
WKH\ UHDFK H[FHSWLRQDOO\ KLJK FRQFHQWUDWLRQV )RU
PHWDOV LQ & 7 EODFN VKDOHV KDV EHHQ H[SODLQHG DV
FDOFXODWLRQV WKH LPSRUWDQW DFFXPXODWLRQ RI HOHI
DGGLWLRQDO PHWDO LQSXW SRVVLEO\ IURP K\GURWKHU
%UXPVDFN WKH H[WUHPH HQULFKPHQW LQ $J &X 1L
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VKDOHV PD\ UHTXLUH DGGLWLRQDO PHWDOV VRXUFHV RI S
WUDFH PHWDO VHDZDWHU FRPSRVLWLRQ GXULQJ WKH &UHW
YHQWY KDV DOVR EHHQ SURSRVHG IRU YHU\ KLJK =Q 1l
SDOHRSURWHUR]RLF EODFN VKDOHV RI 7DOYLYDDUD LQ )L

+RZHYHU WKH DEVHQFH RI SRVLWLYH (X DQRPDO\ DV F
SOXPH ZDWHU ZLWK HOHYDWHG 0Q )H =Q DQG 1L FRQW
YROFDQRHY 6WEHQ HW DO LV QRW LQ IDYRU RI VX
HYLGHQFH RI WHUUHVWULDO YROFDQLF DFWLYLW\ GXULQJ
FHQWUDO -RUGDQ +RZHYHU WKHVH VKDOHV GHVSLWH WKHE

KDYH PXFK ORZHU &G SSP ORZHU &U SSP DQG OF
VKDOHV EXW PXFK KLJKHU 0Q XS WR VHYHUDO SHUFHQW\
%HOTD OLWKRORJLHV KLJKHU 1L XS WR SSP &X XS W

FRQWHQWY DQG VLPLODU 9 FRQWHQWYV

+LJK FRQFHQWUDWLRQV RI &U W R SSP KDYH EHHQ U
IURP WKH 86$ OLGFRQWLQHQW 6FKXOW] DQG &RYHQH\
%HOTD VKDOHV DQG PDUEOHV 7KH VLPLODULW\ RI WKH &U
ZKDWHYHU WKHLU GHSRVLWLRQDO HQYLURQPHQW ZDV IUR
ZKW LV REVHUYHG IRU WKH RWKHU UHGR[ VHQVLWLYH HOI
SUHFLSLWDWLRQ RI &U ZDV SUREDEO\ QRW GRPLQDQWO\
FRQGLWLRQV 6XFK D EHKDYLRU UHIOHFWVY DQ H[RJHQLF R
VKDOHV DV DOVR SURSRVHG IRU WKH 3HUPLDQ %HQHWW 6k
®RUH UHFHQWO\ &RYHQH\ FRQVLGHUV WKDW
FRQFHQWUDWLRQV RI OLGZHVWHUQ 3HQQV\OYDQLDQ EODF!
WKH PRGHUQ EODFN PXGV GLUHFWO\ DVVRFLDWHG ZLWK PI
PLQHUDOL]DWLRQ E\ K\GURWKHUPDO VROXWLRQV GXULQJ W

,Q WKH FDVH Rl WKH %HOTD *URXS VHGLPHQWY WKHLU VSH
&G PD\ EH UHODWHG WR WKH SUR[LPLW\ Rl KXJH PDVVHV RI
DQG WUDQVSRUWHG WR WKH VHD /DUJH RSKLROLWLF FF
&UHWDFHRXV 2SKLROLWH %HOW RI 6RXWKZHVW $VLD /&2%¢
&\SUXV WR 2PDQ WKURXJK ,UDQ B5REHUWVRQ ORJKE
RSKLROLWHVY FRUUHVSRQG WR UHOLFV RI WKH RFHDQLF V>
REGXFWHG RQWR WKH FRQWLQHQWDO PDUJLQ RI WKH $I
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FRQYHUJHQFH EHWZHHQ WKH (XUDVLDQ DQG $IUR $UDELDQ
WLPHV DV SUHVHQWHG DERYH ,Q 2PDQ WKH PDLQ REGX

7XURQLDQ WR 6DQWRQLDQ %UHWRQ HW DO 'XULQJ &
RI WKDW REGXFWHG RFHDQLF FUXVW ZDV HPHUJHQW DQG Z
1RODQ HW DO $OVKDUKDQ 1DVLU $ VLPLOD

WKH VFDOH RI WKH /&2%6:%$ 7KH FORVHVW RFFXUUHQFHV &
-RUGDQ DUH WKRVH RI %DHU %DVVLW LQ QRUWK ZHVWHL

)LJ ,, 7KLV K\SRWKHVLV LV IXUWKHU VXSSRUWHG E\ WKFE
%HOTD VHGLPHQWYV &U 7K PHDQ DUH RQO\ RE)
'LWZDWHUVUDQG &RQGLH DQG :URQNLHZLF] IRU Zt

LQGHSHQGHQW RI WKH UHGR[ FRQGLWLRQV EHFDXVH WKH
$UFKHDQ DQG GLUHFWO\ UHIOHFW WKH KLJK &U FRQWHQW
E\ WKH JUHHQVWRQH EHOWYV $Q LQSXW IURP ULYHU ZDWHL
KLJK FDGPLXP FRQWHQWY REVHUYHG RYHU WKH :HVW (XU
HQULFKPHQW IDFWRUV RI WKH RUGHU RI WKUHH WR ILYH F
DQG 3RKO

6.3.4. Metamorphic enrichment of the marbles

In several localities the calcareous horizons belonging to the Muwaggar Chalk Marl
Formation (Fig.11.3) have suffered a very high temperature, very low-pressure metamorphism
(named pyrometamorphism, Grapes, 2006) produced by the endogenous combustion of
organic matter-rich layers resulting in the formation of marbles. The metamorphism is
evidenced by the peculiar high temperature mineralogical assemblage existing in these rocks,
and by their much lower carbonate content than that of limestone despite similar calcium
contents (Fig.ll.5¢). This type of metamorphism has been observed over much of the study
area and has been recorded in different part of Jordan, Syria and Israel (e.g. Bentor et al.,
1963; Khoury and Nassir, 1982; Burg et al., 1999; Sokol et al., 2010) and dated to the
Neogene (Gur et al., 1995) (Fig.ll.2). The lithological unit in which these rocks occur is
QDPHG WKH 30RWWOHG =RQH’" RiJIskael) HFig:ID2)V BIX4trat® ajekR U P D W |
densely veined and altered by late hydrothermal solutions. A detailed presentation of the

mineralogical assemblage of these rocks, outlined above, is beyond the scope of this paper.
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The decarbonatation reactions and the burning of organic matter have led to a significant
volume loss in the rock, and thus have created a relative enrichment of the trace metals. An
excellent estimation of these effects on trace metal concentration is provided by the study of
Yoffe et al. (2002) which compares the geochemistry of the Maastrichtian oil shales from the
Negev desert with the corresponding ashes produced by fluidized bed combustion at 700-
800°C. The Maastrichtian oil shales from the Negev desert (Ghareb Formation, Soudry,
2000) are stratigraphic equivalents of the MCM of CentrRIUGDQ 3RZHOO DQG ORK}
and evidence of pyrometamorphism of these units is also known in Israel because of their
high TOC contents (up to 26 wt%). The concentration of trace elements is nearly doubled in
the ash compared to the initial concentrations measured in the oil shales. This variation
corresponds to a maximum enrichment factor, because many of the marbles still contain a
significant amount of carbonates: 21 to 82 wt% in the marbles compared to 40 to 95 wt% in
the limestones and only 4 to 37 wit% in the shales (Tdb®. However, the average
enrichment factor in the marbles with respect to the carbonates is much higher (0 to 10). The
trace element level of the marbles is closer to that of the shales, although the marbles are not
derived from the combustion of shale type protolith because of their lower alumina content
despite the volume loss resulting from the pyrometamorphism ,(Dadkes 4.93wit%
compared to m ADsmamies 1.80 Wt%). Hence, the enhanced redox sensitive element content

in the marble is due to the burning of initially high organic carbon content.

&21&/86,216

The Late Cretaceous to Early Tertiary Belga Group lithologies were deposited in two
sedimentary environments during the Maastrichtian to Paleocene. The shales and part of the
limestone succession were deposited in suboxic water with periodic anoxia with relatively
abundant accumulation of organic matter, and in deeper waters, within local anoxic basins
bounded by extensional faults. The sedimentary protoliths of the marbles from the MCM and
lower URC formations were deposited in the same conditions that allowed the deposition and
preservation of abundant organic matter. Abundant organic matter must have been present in
the marbles protoliths to permit the development of pyrometamorphism by combustion of
organic matter, evidenced by the high temperature mineral paragenesis of these rocks. The

sedimentation of the limestones with variable phosphate contents took place in areas of
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upwelling with moderate to abundant organic matter production, but with its poor

preservation because of the shallower depth of deposition.

The exceptional redox sensitive elements enrichment (RSE) of the Belga Group sediments

results from a series of mechanisms:

() The enrichment in many of the RSE (U, Cu, Co, Mo, Sb, V) are comparable to the
enrichment observed in the black shales and results from a synsedimentary deposition either
by direct precipitation from average sea water-or through their incorporation in the marine

organisms, in suboxic conditions with episodic anoxia.

(i) Some other RSE (Cr, Ni, Cd, Zn) are much more enriched compare to in average shales
(worldwide) or Upper Cretaceous black shales, generally, (Fig.ll.6) and require an exogenic
metal flux which we propose to be derived from enrichment these metals in sea water by river
waters deriving thse elements from the weathering and alteration of the huge masses of
ultrabasic rocks obducted at the end of the Cretaceous. The nearest occurrences of such rocks
are the ophiolites of the Troodos Massif (Cyprus Island) and Baer Bassit (North-western
Syria),

(iif) Pyrometamorphism of some of the limestones which leads to the formation of marbles is
responsible of further trace elements enrichment because of the large volume loss resulting
from decarbonatation reactions and burning of the organic matter which resulted in high-

temperature combustion,

(iv) The main part of the uranium enrichment in the Belga Group sediments is well correlated
with the biogenic phosphates accumulation, except in the black shale which shows
exceptional enrichment in uranium in local anoxic basins where the rate of sedimentation was

extremely low.
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$EHG $ 0 OLFURIDFLHVY DQG SDODHRHQYLURQPHQW F
&UHWDFHRXV QRUWK -RUGDQ )DFLHV

$EHG $ 0 .UDLVKDQ * O (YLGHQFH IRU VKDOORZ P
JRUPDWLRQ W\SH FKHUW SKRVSKRULWH GRORPLWH VHTXHC
FHQWUDO -RUGDQ )DFLHYV

$EE $ 0 S$URXUL .5 %RUHKDP & - BRXUFH URFN ¢
ELWXPLQRXV FKDON PDWO WHIKWQORD L'HHROUGD Q

$O=RXEL $ 6 %HQ $YUBPWDKXFWXUH RIUWKW HQUWK®BD F |
SRWHQWLDO ILHOG GDWD 7HFWRQRSK\VLFV

$OVKDUKDQ $ 6 1DVLU 6 - < 6HGLPHQWRORJLFDO D
WUDQVJUHVVLYH VHTXHQFH WKH /DWH &UHWDFHRXV 4DEK
PRXQWDLQV 8QLWHG $UDE (PLUDWHYVY 6HGLPHQWDU\ *HROR

$OVKDUKDQ $6 1DLUQ $ (O BHGLPHQWDU\ EDVLQV
OLGGOH (DVW (OVHYLHU (G S
$UWKXU 0% -HQN\QV + & %UXPVDFN + - GBFKODQJ}

JHRFKHPLVWU\ DQG SDOHRFHDQRJUDSK\ RI RUJDQLF FDl
*LQVEXUJ 51 %HDXGRLQ % (GV &UHWDFHRXV 5HYV
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%DFNJURXQG DQG 30DQV IRU 5HVHDUFK .OXZHU $FDGHPLF
S3URF RI $5:

%HQGHU ) *HRORJ\ RI -RUGDQ &RQWULEXWLRQ RI W
Gebrider BorntraegerS S

%HQGHU ) *HRORJLFDO PDS *RY RI -RUGDQ D
*HUP
%HQWRU <. *URVV 6 DQG +HOOHU |/ +LJIK

QRQPHWDPRUSKRVHG VHGLPHQWYV LQ ,VUDHO 1DWXUH

%HUQHU 5 $ %XULDO RI RUJDQLF FDUERQ DQG S\UL
JHRFKHPLFDO DQG HQYLURQPHQWDO VLJQLILFDQFH $P - 6
%HQHU 5 $ BHGLPHQWDU\ S\ULWH IRUPDWLRQ DQ XS¢
%UHLW * 1 :DQW\ 5 % 9DQDGLXP DFFXPXODWLRQ LQ

JHRFKHPLFDO FRQWUROV GXULQJ GHRRVLWLRQ DQG GLDJHC(

%UHWRQ -3 %pFKHQQHF ) /H OpWRXU - (RPGLODKUH
&UHWDFHRXV HYROXWLRQ RI WKH 2PDQ 7HWK\DQ FRQWLQ
ILHOG VWXG\ LQ -DEDO $NKGDU 2PDQ PRXQWDLQV *HRS$UD

%WUXPVDFEN + - 7TKH WUDFH PHWDO FRQWHQW RI UHF
LPSOLFDWLRQV IRU &UHWDFHRXV EODFN VKDOH IRUPDWLR

%XUJ $ .RORGQ\ <H /\DNKRYVN\ 9 +DWUXULP \
IRUW\N \HDUV ODWHU ,VU - (DUWK 6FLHQFHV
&RQGLH . & "URQNLHZLF] ' - 7KH &U 7K UDWLR LQ

.DDSYDDO &UDWRQ DV DQ LQGH[ RI FUDWRQ HYROXWLRQ (C

&RRN 1 - &LREDQX &/ 3ULQJ $ 6NLQQHU : 6KLPL]X
(LGXNDWJ % OHOFKHUK ) 7TUDFH DQG PLQRU HOHP
VWXG\ *HRFKLP &RVPRFKLP $FWD
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&RYHQH\ 50 -U OHWDOV LQ 3HQQV\OYDQLDQ EODFI
VHDZBWWWUDFWYV ZLWK 3WPJUDPV *HRO 6RF

'"HOJDGLOOR +LQRMRVD ) ODFtDV =DPRUD - 9 6HJRYLD =
&DGPLXP HQULFKPHQW LQ WKH *XOIl RI &&DOLIRUQLD ODU &

'LDEDW $ O0ODVUL $ /KH VWDWH RI SDODHRVWUHVV LC
EDVHG RQ IDXOW™WODSLGHRD RIKADO &RQJUHVYV 'HFHPE
(PHUVRQ 6 5 +XHVWHG 6 6 2FHDQ DQR[LD DQG WKH

YDQDGLXP LQ VHDZDWHU ODU &KHP

J)IVWHU + - )IVWHU  $ 2EHUKIQVOL 5 6WURPH\HU
WKHUPDO VWUXFWXUH RI WKH $UDELDQ 6KLHOG LQ -RUGDQ

*UDSHV 5 S\ URPHWDPRUSKLVP 6SULQJHU S

*UpODXG & 5D]JLQ 3 +RPHZRRG 3 : 6FKZDE $ O "I
D SHULRGLFDOO\ HPHUJHQW FDUERQDWH SODWIRUP 1DWL
6HG O5HV

*XU 6WHLQLW] * .RORGQ\ < 6WDULQGUNMU &SEDWEQDALI
FRPEXVWLRQ PHWDPRUSKLVP B30RWWOHG =RQH" ,VUDHO &

+ROODQG + ' OHWDOV LQ EODFN VKDOHV D UHDVVHYVYV

,EKDP . 0 7DUDZQHK . SDEED 3KDVHV RI DFWLYL
GLNH V\VWHPV LQ QRUWKHDVW -RUGDQ SDUDOOHO WR WKH

-iHQVHQ % % %DFWHULD DQG PDULQH ELRIJHRFKHPI
(GV ODU *HRFKHP 6SULQJHU 9HUODJ %HUOLQ

.KRXU+ 1DVVLU 6 $ GLVFXVVLRQ RQ WKH RULJLQ R

.OLQNKDPPHU * 3DOPHU 0 5 8UDQLXP LQ WKH RFH
*HRFKLP &RVPRFKLP $FWD

.UHPOLQJ . 3RKO & 6WXGLHY RQ WKH VSDWLDO D

FDGPLXP FRSSHU DQG QLFNHO LQ QoUW KHBIWVW $WODQWLF
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/H OpWRXU - B5DEX ' 7HJ\H\ 0 %pFKHQQHF ) %HXU
BXEGXFWLRQ DQG REGXFW LIRS L\§ BRRRHABORR R LLSK WK H Y(IRO X W
2PDQ PRXQWDLQV ,Q 5REHUWVRQ $ +) 6HDUOH 0 3 5L
WHFWRQLFV RI WKH 2PDQ UHJLRQ  *HRO 6RF /RQGRQ 6S

IRXNROD 5XVNHHQLHPL . +HLQR 7 *HRFKHPLVWU\ I
KRVWRKG=T1L GHSRVLW DW 7DOYLYDDUD )LQODQG (FRQ *HRC

IR HORFN 3 (5 $ UHYLHZ RI WKH WHFWRQLFV RI WKH
oDJ

OFSUWKXU -0 :DOVK -1 5DUH HDUWK JHRFKHP
*HRO

OFSUWKXU -0 JUDQFROLWH JHRFKHPLVWU\ + FRPSRV

GUBIQHVLY PHWDPRUSKLVP DQG ZHDWKHULQJ *HRFKLP &R

OF&EOHOODQ * + O9DQ .DXZHQEHUJK 6 - OLQHUDORIJL
IUDQFROLWHYV ZLWK JHRORJLFDO WLPH - *HRO 6RF
OF/HQQDQ 6 O 5DUH HDUWK HOHPHQWY LQ VHGLPHQV

DQG VHGLPHQWDU\ SURFHVVHV ,Q J/LSLQ % 5 DQG OF.D\
PLQHUDORJ\ RI UDUH HDUWK HOHPHQWYVY G5HYLHZV LQ OLQHL

OH\HU .0 .XPS /5 2FHDQLF (X[LQLD LQ (DUWK
&RQVHTXHQFHV $QQX 5HY (DUWK 30DQHW 6FL

ORKDGDP + 6 O6WHUQ 5 - IDWH &UHWDFHRXV IRUHDU

OXHKOHLVHQ 6 $ 7TUDFH DQG 5DUH (DUWK (OHPHQW *
OHPEHU 5HG (DJOH /LPHVWRQH DQG LWV LPSOLFDWLRQV I|
XQLW DW WKH 7XWWOH &UHHN 'DP 6SLOOZD\ H[SRVXUH (D
6XUYH\ 2SHQ ILOH 5HSW

OXud $ *RW + 2UJDQLF FDUERQ YDULDWLRQV RI WK
VDSURSHO D NH\ IRU XQGHUVWDQGLQJ IRUPDWLRQ SU
SDODHRHFRO
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ILMHQKXLV , $ %UXPVDFN + - GH /DQJH * - 7KH
HDVWHUQ OHGLWHUUDQHDQ GXULQJ 30O0LRFHQH VDSURSHO |
& S5LFKWHU & &DPHUOHQJKL $ (GV 3URF 2'3 6FL 5HV.

1RODQ 6 & B6NHOWRQ 3: &OLVVROG % 3 6PHZLQJ -
7HUWLDU\ VWUDWLJUDSK\ DQG SDODHRJHRJUDSK\ Rl WKH |
5REHUWVRQ $ +) 6HDUOH 0 3 5LHV $ & (GV 37KH JHR
UHJLRQ  *HRO 6RF /RQGRQ 6S 3XE

3DUDGLV 6 +DQQLJIJDQ 3 DQG '"HZLQJ . OLVVLVVLS:
LOARRGIHOORZ : ' HG OLQHUDO 'HSRVLWV RI &DQDGD $ V
GLVWULFW PHWDOORJHQ\ WKH HYROXWLRQ RI JHRORJLFD(
$VVRF RI &DQDGD OLQHUDO 'HSRVLWYV 'LYLVLRQ 6S 3XE 1

3DUODN 2 5REHUWVRQ $ 7KH RSKLROLWH UHODWHC
UROH LQ WKH WHFWRQLF VHGLPHQWDU\ VHWWLQJ RI 7HWK)
0DJ

3DULVK -7 &XUWLV 5/ $WPRVSKHULF FLUFXODWLRC(
WKH OHVR]RLF DQG &HQR]RLF HUDV 3DODHRJHRJU 3DODHRI

3DYD - $QR[LF VHGLPHQWYV DQ LPSRUWDQW HQYLI
*HRO O5HY

3LSHU ' = 6HDZDWHU DV WKH VRXUFH RI PLQRU HOHP!
RWKHU VHGLPHQWDU\ URFNV &KHP *HRO

3RZHOO - + 6WUDWLJUDSK\ DQG VHGLPHQWRORJ\ RI
VRXWKHUQ -RUGDQ %XOOHWLQ *HRORJ\ 'LUHFWRUDWH
(QHUJ\ DQG OLQHUDO UHVRXUFHV $PPDQ 3DUW % .XUQXE

3RZHOO - + ORKYIG % . (YROXWLRQ RI &UHWDFHRXV
SODWIRUP VHTXHQFHYV LQ FHQWUDO DQG VRXWK -RUGDQ *F

3XIDKO 3. *ULPP . $ $EHG $ 0 6DGDTDK 0 <
&DPSDQLDQ SKRVSKRULWHV LQ -RUGDQ LPSOLFDWLRQV
SKRVSKHRULDQW 6HG *HRO
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5REHUWVRQ $ + ) 2YHUYLHZ RI WKH JHQHVLY DQG HPS
WKH (DVWHUQ OHGLWHUUDQHDQ 7HWK\DQ UHJLRQ /LWKRYV

5XGQLFN 5/ *DR 6 &RPSRVLWLRQ RI WKH FRQWLQH:
5/ 5XGQLFN YRO 7TUHDWLVH RQ *HRFKHPLVWU\ HGV
(OVHYLHU 3HUJDPRQ 2[IRUG

6DJHPDQ % % OXUSK\ $ ( :HUQH -3 O9HU 6WUDHWHQ &

$ WDOH Rl VKDOHV WKH UHODWLYH UROHV RI SURGXF
DFFXPXODWLRQ RI RUJDQLF ULFK VWUDWD OLGGOH 8S
&KHP *HRO

6FKXOW] 5 % &RYHQH\ 5 0 -U 7LPH GHSHQGHQV
SHQQV\OYDQLDQ EODFN VKDOHYV 8 6 $ &KHP *HRO

6FKZDUW] 0 2 &DGPLXP LQ =LQF 'HSRVLWV (FRQRF
(OHPHQW ,QW *HRO 5HY

6RNRO ( 1RYLNRY =DWHHYD ©6 O9DSQLN <H 6KDJDI
&RPEXVWLRQ PHWDPRUSKLF URFNV DV LQGLFDWRURMURI IRV
WKH RULJLQ RI WKH ORWWOHG =RQH 'HDG 6HD ULIW DUHD

BRNRO (9 *DVNRYD 2/ .RNK 61 .RJPHQNR 2 $ 6HL
OXUDVKNR 0 1 &KURPD\D DG HEMHQPE LQVVSYUBWHFXUVRU PLC
WKH 1DEL 0OXVD ORWWOHG =RQH FRPSOH[ -XGHDQ GHVHUW

6RX\GU &DUERQDWH SKRVSKDWH FRPSHWLWLRQ LQ W]
,VUDsO D PLUFRVWUXFWXUDO VWXG\ ,Q *OHQQ &5 3Up
DXWKLJHQHVLYV IURP JOREDO WR PLFURELDO" B6RF (FRQ

6RXGU\ ' 6HJDO , 1DWKDQ < *OHQQ &5 +DOLF] [/ [
&D&D DQGG 1G LVRWRSH YDULDWLRQ LQ &UHWDFHRXV (R
WKHLU EHDULQJ RQ SKRVSKRJHQHVLV LQ WKH VRXWKHUQ 7

BWHLQ 5 2UJDQLF FDUERQ FRQWHQW VHGLPHQWI
SDODHRHQYLURQPHQWDO VLJQLILFDQFH IRU PDULQH VHGLP
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6W.EHQ 6WRIIHUV 3 &KHPLQHH -/ +DUWPDQQ O Ol
-HQLVFK $ OLFKDHOLV : ODQJDQHVH PHWKDQH LU
K\GURWKHUPDO SOXPHV IURP 7HDKLWLD DQG ODFGRQDOG

TULERYLOODUG 1 5LERXOOHDX % I\RQ 7 %DXGLQ
PRO\EGHQXP E\ VXOIXUL]HG PDULQH RUJDQLF PDWWHU RI
DQG VKDOHV &KHP *HRO

7TEIRYLOODUG 1 %RXW 5RXPD]JHLOOHV 9 5LERXOOHDX $

7UDQVIHU RI JHUPDQLXP WR PDULQH VHGLPHQWYV L
UDGLRODULWHY DQG DXWKLIJHQLF FDSWXUH XQGHU UHGX
JHRORJLFDO DJHV &KHP *HRO

I %XFKHP ) 6 3 5D]LQ 3 +RPHZRRG 3 : 2ZWHUGRR
6WUDWLJUDSKLF RUJDQL]DWLRQ RI FDUERQDWH UDPSV D
JRUPDWLRQ PLGGOH &UHWDFHRXV RI QRUWKHUQ 2PDQ $F

9DQ W XFKHP ) 6 3 SLWWHW % +LOOJIUWQHU + *U|WVF
'"URVWH + + - 2ZWHUGRRP : + E +LJK UHVROXWLRQ V&I
RI%DUUHPLDQ $SWLDQ FDUERQDWH V\VWHPV LQ 1RUWKHU
.KDUDLE DQG 6KXYDLED )RUPDWLRQV *HRS$UDELD

9LQH - TRXUWHORW ( % *HRFKHPLVWU\ RI EODFN
(FRQ *HRO

'HGHSRKO . + (QYLURQPHQWDO LQIOXHQFHV RQ WKH
FOD\V ,Q $KUHQV / + 3UHVV ) B5XQFRQ 6 . B8UH\ + &
WKH HDUWK 3HUJDPRQ 2[IRUG SS

"HGHSRKO . + 7KH FRPSRVLWLRQ Rl WKH XSSHU HDU\
VHOHFWHG PHWDOV OHWDOV LQ QDWXUDO UDP PDWHULDC
OHWDOV DQG 7KHLU &RPSRXQGV LQ WKH (QYLURQPHQW 9&+

<RIIH 2 1DWKDQ < :ROIDUWK $ &RKHQ 6 DQG 6KRY
PLQHUDORJ\ RI WKH 1HJHY RLO VKDOH DVKHV )XHO
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<X % 'RQJ + :LGRP ( &KHQ - /LQ & *HRFKHPLV)
VKDOHV DQG FKHUWV IURP WKH 1RUWKHUQ 7DULP %DVL(
GHSRVLWLRQDO VHWWLQJ DQG WHFWRQLF KLVWRU\ - $VLD

=KQ@J - 1R]DNL < %HKDYLRU RI UDUH HDUWK HOHPHC
D VWXG\ DORQJ WKH VORSHV RI WKH 6DJDPL DQG 1DQNDL \
$FWD

=LHJOHU 0 $ IDWH 3HUPLDQ WR +RORFHQH SDOHRIDFI
LWV K\GURFDUERQ RFFXUHQFHV *HRSUDELD
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*5 8QLYHUVLWp GH /RUUDLQH )DFXOWp GHV 6FLHQFHV 805
$LIXLOOHWWHYV % 3 O9DQGRHXYUH OqV 1DQF\ FH

,Q SUHSDUDWLRQ

&RUUHVSRQGLQJ DXWKRU 6WpSKDQLH )OHXUDQFH
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$%675%&7

&DUERQDWH IOXRUDSDWLWH &)$ LV WKH PRVW FRPPRQ

SKRVSKRULWHYV 7KH &)$ VWXGLHG LQ FHQWUDO -RUGDQ Z
VKDOORZ PDULQH VHWWLQJVY GXULQJ WKH LPSRUWDQW /DW
HYHQW UHVSRQVLEOH RI WKH JUHDW SKRVSKRULWH EHOW L
8UDQLXP FDQ HQWHU LQ WKH &)$ VWUXFWXUH E\ VXEVWLW
FDUERQDWH IXRUDSDWLWHYV VXIIHUHG ORFDO S\URPHWDPR
FRQFHQWUDWLRQ RI 8 WR IRUP PLFURPHWULF XUDQLXP R]
FRQWDLQ KLIJK XUDQLXP FRQFHQWUDWLRQV 1HZO\ IRUPHG
EODFN DQG JUHHQ FDOF VLOLFDWH URFNYV IRUPHG IURP ¢
KDYH EHHQ WRWDOO\ GHFDUERQDWHG DQG KDYH D ORZ XU
DOWHUDWLRQ RI WKH OLPHVWRQHY OHG WR WKH ZHDWKH
VRPH IOXRU LRQV WR IRUP IOXRULWH DQG JDLQHG VXOS
VXOIDWR SKRVSKDWH ZLWK ORZ XUDQLXP DQG 5(( FRQWHQV

,1752'8&7,21

SKRVSKRULWHYV DUH ZLGHVSUHDG LQ -RUGDQ DQG DUH YDU
RQH RI WKH PRVW H[WHQVLYH SKRVSKRJHQLF HYHQWYV LQ (
7THK\DQ SKRVSKDWH SURYLQFH ZKLFK H[WHQGV IURP ,Q(
GHYORSHG DORQJ WKH VRXWKHUQ VKHOI RI WKH 1HR 7HWK)
3RZHOO 7KH VHGLPHQWY RI WKH %HOTD *URXBVLQ FHC
SHULRG ZHUH YDULDEO\ HQULFKHG LQ SKRVSKDWH DQG U
HWOPHQWY &G &U OR DWHU)DOHXYD&KH HW DO DFFHSWH
SKRVSKDWH FRQFHQWUDWLRQ RI WKH VHGLPHQWYV RI WKH
FHQWUDO -RUGDQ QRW UHDFKHG LQ WKH RUH JUDGH FRPF
RITHUV WKH SRVVLELOLW\ WR VWXG\ WKH HYROXWLRQ RI WI
SURFHVVHV VHGLPHQWDWLRQ DQG GLDJHQHVLV S\URPH
OHDGLQJ ORFDOO\ WR WKH IRUPDWLRQ RI VXUILFLDO XUD(
PLQHUDOL]DWLRQ LQ WKLV DUHD PDLQO\ FRQVLVWYV RI XUD
WR WKH IRUPDWLRQ RI WKH XUDQLXP PLQHUDOL]DWLRQ GLI
WSH XUDQLXP GHSRVLW PRGHO ,Q SKRVSKDWLF URFENV DS
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

XUDQLXP DQG WKH UDUH HDUWK HOHPHQWYV 5(( ZKLFK F!
SURFHVVHV ORUHYHU XUDQLXP GHULYHG IURP DSDWLWH
JHQHVLYV RI XUDQLXP GHSRVLWYVY 7KH DLP RI WKLV ZRUN |
XUDQLXP DQG 5(( LQ WKH DSDWLWH FU\WWDOV IURP WKH Y
*URXS LQ FHQWUDO -RUGDQ XVLQJ /DVHU $EODWLRQ ,&3 0
EHKDYLRU WKURXJK VHGLPHQWDU\ GLDJHQHWLF PHWDPRL
IRUPDWLRQ RI VXUILFLDO XUDQLXP PLQHUDOL]DWLRQ

*(2/2%,&$/ 6(77,1*

7KH SKRVSKDWH GHSRVLWLRQ RFFXUUHG GXULQJ WKH /DW
FRLQFLGHQFH RI IRXU H[FHSWLRQQDO FRQGLWLRQV &XQH\
IDWH &UHWDFHRXV UHVXOWHG IURP D JOREDO ZDUPLQJ HS
3DOHRWHWK\V 2FHDQ GHYHORSHG EHWZHHQ /DXUDVLD DQC
ORFDWLRQ LQ WKH ZDUPHVW HTXDWRULDO ODWLWXGHV DQ
DORQJ WKH WKH VRXWKHUQ 1HR 7HWK\V 2FHDQ PDUJLQ G
ODDVWULFKWLDQ )LJ ,,, 'XULQJ WKH /DWH & URNDRHRXV
SKRVSKDWH URFNV KDYH EHHQ DFFXPXODWHG -DVLQVNL
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

J)LIXUH ,3DOHRJHRJUDSKLF PDS RI WKH XSZHOOLQJ EHOV
IDWH &DPSDQLDQ DQG (DUO\ 0DDVWWILRAKW L D @ \BKIFINVRISH
6WDU PDUNV WKH ORFDWLRQ RI FHQW

SKRVSKRULWHV RI &§HQWUDO -RUGDQ EHORQJ WR WKH /DWH
ODQ\ RI WKH OLWKRORJLHV RI WKH %HOTDHWJRXW BBSHDL
SDUWLFXODUO\ WKH $0O0 +LVD 3KRVSKRULWH IRUPDWLRQ $
EHWZHHQ WKH &DPSDQLDQ WR (RFHQH DQG FRQVLVWYV PDL
IRUPDWLRQV ZKLFK DUH LQ VWUDWLJUDSKLF RUGHU :D¢
ILPHVWRQH $O +LVD 3KRVSKRULWH O0XZDTTDU &KDON 0DU
:DGL 6KDOODOD &KDON IRUPDWLRQV GHSRVLWHG GXULQJ S
DQG HDVWZDUG DFURVV WKH $UDELDQ &UDWRQ GXULQJ D
JOHXUDQFH HW DO
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

0$7(5,$/6 $1' 0(7+2'6

VDPSOHV ZHUH VHOHFWHG IURP WKH ELRFODVWLF OLF
S3KRVSKRULWHYV IRUPDWLRQ $+3 IP WKH ELWXPLQRXV VKI
&KDON ODUO IRUPDWLRQ 0&O0 IP WKH PDUEOHYV VDPSOH
EDVDO 8PP 5LMDP &KHUW /LPHVWRQH IRUPDWLRQ 85& IP
Rl WKH 0&0 IP DQRG WKH VXSHUJHQH PLQHUDOL]HG DQG C
0&0 IP ‘H FDUULHG RXW D SHWURORJLFDO DQG PLQHUDOF
ZKROH URFNV E\ ,&3 $(6 IRU PDMRU HOHPHQWY DQG 06 IRU
D@VHV IRU IOXRULHIRQBHWRGXD2 @2 WKH FDOFLQDWLRQV
,QIUDUHG GHWHFWRU )OXRULQH ZDV PHDVXUHG E\ DONDOL
ZLWK VRGLXP FDUERQDWH DQG ZDWHU DQG WKHQ ZDV IXVH
D IOXRULGH VHOHFWLYH HOHFWURGH ; 5D\ "'LITUDFWLRQ D¢
EHHQ XVHG WR LGHQWLI\ WKH FRPSOH[ PLQHUDO SKDVHYV

DQDO\VLV E\ 6FDQQLQJ (OHFWURQ OLFURVFRS\ -(2/ - )
FRPSOH[ PLQHUDO VSHFLHV 4XDQWLWDWLYH DQDO\VLV RI
HOHFWURQ PLFURSUREH &$0(&$ 6; FRPSRVHG E\ D VFI

FRXSOHG ZLWK ILYH ZDYHOHQJWK GLVSHUVLYH VSHFWURI
SDUDPHWHUV DIIHFW WKH TXDOLW\ RI WKH DQDO\VHV RI |
FRQFHQWUDWLRQV KLJKHU WKDW WKH PD[LPXP ) FRQFHQ
LOQFRUSRUDWHG LQ VWRLFKLRPHWULF IOXRUDSDWLWH 7K
FRQGLWLRQV VXVK DV VSRW VL]H FXUUHQW DFFHOHUDWLC
FRXOG EH UHVSRQVLEOH IRU DQDO\WLFDO HUURUV 7KH ) F
D XQLTXH DQDO\WLFDO SUREOHP QDPHO\ WLPH GHSHQGH
LQGXFHG E\ WKH LPSODQWDWLRQ RI SULPDU\ EHDP HOHFWL

30H HW DO 6WRUPHU HW DO DQG *ROGRII HW
SDUDPHWHUV RI D &%0(&%$ 6; DFFHOHUDWLQJ SRWHQWLD
EHDP FXUUHQWYV ZHUH Q$ DQG HOHFWURQ EHDP GLEC

FRPELQDWLRQ ZDV WHVWHG RQ VHYHUDO ORFDWLRQV RQ |
ZLWK WZR SRVVLEOH FU\WWDO SRVLWLRQV F D[LV SDUDO«
WLBHSHQGHQW LQWHQVLW\ 7', RI ) ; UD\V FRXOG EH YD
RULHQWDWLRQ
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

BWRUPHU HW DO VKRZHG LPSRUWDQW FKDQJHV LQ WK
DSDWLWH FU\WWDO LV SDUDOOHO WR WKH LQFLGHQW HOHF
UD\ LOQWHQVLW\ GXULQJ WKH ILUVW  WR VHFRQGV ZLW
EHDP FXUUHQW R Q$ DQG D VSRW GLDPHWHU RI —P :K
WKH HOHFWURQ EHDP WKH FRXQW UDWH LQFUHDVHV E\ RQ
IROORZLQJ FRQGLWLRQV N9 Q% —P DQG WKH F D[L
EHDP WKH ) ; UD\ FRXQW UDWHVY Rl WKH DSDWLWH LQFHDYV
GR QRWVWDEOH &RQYHUVHO\ WKH ) ; UD\ FRXQW UDWHYV I
D[LV LV SHUSHQGLFXODU WR WKH HOHFWURQ EHDP ZLWK W]
EH YDU\LQJ LQ IXQFWLRQ RI WKH DSDWLWH FRPSRVLWLRQ

KLJKHU ZLWK DQ DSDWLWH SRRU IOXRULQH 7KH DFFHOHUL
LQWHQVLW\ YDULDWLRQ 7KH QDWXUDO DSDWLWH DUH RIW
N9 EXW WKH ) UHSRQVH VHHPV WR EH FRPSOLFDWHG PRUF}
UBWKRZV JUHDW YDULDWLRQV IRU D Q$ EHDP FXUUHQW

FXUUHQWY +RZHYHU WKH XVH RI' D N9 DFFHOHUDWLQJ Y
FRXQWV IRU PRVW HOHPHQWY DQDO\]HG LQF GSX\GALIDIOKHD Y L
EBP GLDPHWHU LQGXFHG KLJKHU ) ;: UD\ FRXQW UDWHV 3
GDPDJHV FUHDWHG GXULQJ WKH HOHFWURQ PLFURSUREH |
RSWLPDO DQDO\W BHFRUELQVLRIWRULQH F R GFLHQKV D DEH.IRR)
SDUDOOHO WR WKH F D[IDORZ WHKBPDEOWDORIZFDFEWOBUDW
SRWHQWLDO N9 DQG D ODUJH VSRW VL]H —P ,QLWL
6; HOHFWURQ PLFURSUREH ZLWK DQ DFFHOHUDWLQJ YRO
DQEHDP GLDPHWHU RI —P ZKLFK DUH QRW WKH RSWLPDC
7URXJK WKH LGHQWLILFDWLRQ Rl WKHVH SRWHQWLDO LQW
$0 6L 3 6 &0 . &D )H 6U ZHUH DQDO\JHG XNOGHU Wi
DFFHOHUDWLQJ YROWDJH Q$ EHDP FXUUHQW —P RU

VLIH SHUPLWWHG ) VWDQGDUG IOXRUDSDWLWH ,W ZDV K
RULHQWDWLRQ RI WKH DSDWLWH FU\WWDOV IRU WKH DQDO)
‘H NHSW D N9 DFFHOHUDWLQJ YROWDJH FODVVLFDOO
FDUERQDWHY WR KDYH EHWWHU VWDWLVWLFV DQG WR EH
UM RI HDFK HOHPHQW :LWK D N9 DFFHOHUDWLQJ YROWD
DGHTXDWH FRXQWLQJ VWDWLVWLF IRU D SHDN WLPH RI V

I URP HOHFWURQ PLFURSUREH DQDO\VHV KDYH EHHQ XVHC
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

$EODWLRQ LQGXFWLYHO\ FRXSOHG S@BV MR POVWHWSEDW®HI
XUDQLXP 5((fV /D &H 3U 1G 6P (X *G 7E '\ +R (U 71
YDQDGLXP FRQFHQWUDWLRQV LQ WKH SKRVSKDWHV RI WKI
EHHQ GHWHUPLQHG E\ /$ ,&3 06 * 5 /[DERUDWRU\ 8QLYHUV
VSHFWURPHWU\ * 5 /DERUDWRU\ /DE5$0 /DE5$0 +5j+RULED

QP FRXSOHG ZLWK DQ RSWLFDO PLFURVFRSH 20\PSX
SUHVHQFH DEVHQFH RI FDUERQDWH DQG RU K\GUR[\O JUR)
SKRVSKDWHYV

B¥HUDO W\SHV Rl SKRVSKDWHY DUH GHVFULEHG LQ WKLV Z
VXSHUJHQH $00 WKHVH PLQHUDOV DUH YDULHWLHV RI D
$ :2 = ZKHUH $ ; DQG = UHSUHVHQW WKH FRPPRQ FDWLR(
&2 7KH WKHRUHWLFDO &DUERQDWH )ORBRUDSDPWBERPH &)$

FRQVWLWXHQWY FDQ EH SUHVHQW E\ VXEVWDWOWEWHRIQV LQ
FRPPRQO\ FDOFXODWHG E\ GLIIHUHQFH DQG WRHHDBRXRML\
DQG UHSODFRARGHOOD®XJIJHVWV WKDW PROH RUVWKH \
DFFRPSDQLHG E\ DGGLWLRQDO ) WR REWIDIL B AWKB2AROORZLC
) 1) .Q WKH PDMRULW\ RI ZRUNV 5HJQLHUIRW HIDFK &2 Wk
XQOLNH OF&OHXKQBR LQGLFDWHY D PD[LPXIRS UHOFRKUWERQ F
&RQVLGHULQJ WKHVH SUREOHPV ZH XVHG WKH IRUPXOD H\
E\ OFSUWKXU DQG UHFHQWO\ XVHG E\ 7TROHGR HW DO

&D[\l[POJ\ 32] &Z]h ) 2+

JRQV QXPEHUV RI WKH VWUXFWXUDO IRUPXOD DUH FDOFXOI
DQG RI DQLRQV 2 2+ ) &O &DUERQDWH QRW PHDV
HYDOXDWHG IURP WKH QXPEHU RI LRQV Rl WKH PHPEHU 32

+267 52&.6

7KH SHWURJUDSKLFDO FKDUDFWHULVWLFV RI WKH ELRFODYV
SUHVHQWHG LQ )OHXUDQFH HW DO &KDSWHU ,, 'H
SHWMIUDSKLFDO FKDUDFWHULVWLFV RI WKH SKRVSKDWHYV

88



&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

%LRFODVWLF OLPHVWRQHYV

%LRFODVWLF OLPHVWRQHV RI WKH $+3 IRUPDWLRQ FRQVL)
SKRVSKDWHV RFFXUULQJ DV VNHOHWDO IUDJPHQWY VHYH!
DQG QRGXOHV XS WR PP )LJ ,,, 7KHVH FODVWLE HOHF
PLEFULWLF PXRDHEARFWDVWLF RROLWKLF JUZKQWFK R/GHR ZWD |
VHGLPHQWDU\ ODPLQDWLRQV DOWHUQLQJ EHGV RI FKHU
OLPHVWRQHY SUHVHQW D ODUJH YDULDWLRQ RI XUDQLXI
SKRVSKDWH FR@WHQWZW FKH\ SUHVHQW WKH ORZHVW
5(( SSP RI WKH VWXGLHG VDPSOHYV

J)LIXUH ,,, OLFURVFRSLF DQG 6(0 YLHZV RI WKH ELRFODVWLF
FDUERQDWH IOXRUDSDWLWHLDR I WBUEWR I DIHO | OPCROJALIDHV L2W R R6 N
FDUERQDWH IOXRUDSDWLWH

6KDOHYV

7KH VKDOHV RIWHQ UHIHUUHG WR DV RLO VKDOH E\ SHWU
SRWHQWLDO DUH ORFDWHG LQ WKH ORZHU SDUW RI WKH 0
JUH\ FOD\H\ DQG ODPLQDWHG PDUOV 7KH\ FRQVLVW RI ILQ
LOOLWH RUJDQLF PDWWHU FULVWREDOLWH DQG FDOFLWE
DQG DOYHRODU VNHOHWDO IUDJPHQWY DQG LUUHJXODU Q
)L ,,, 6XOILGHYV XQGHUOLH WKH VWUDWLILFDWLRQ
GLVVHPLQDWHG WURXJKWRXW WKH PDWUL[ DQG LQ DGGL
DVVRFLDWHG ZLWK VXOILGHV DW WKH PDUJLQ RI D FDOFLW
8 SSP DQG YHU\ ORZ SKRVSEKDWH ZFR Q WIKRW B KD W |
JUDLQV DOVR FRQWDLQ LQFOXVLRQV Rl &G VSKDOHULWH
5(( SSP
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

JLIXUH ,,, OLFURVFRSLF YLHZV RI WKH SKRVSKDWHY LQ WKH \
&)$ VNHOHWRQ RI FDUERQDWH IOXRUDSDWLWH

ODUEOHYV

ODUEOHV DUH YDULFRORXUHG EURZQ EODFN SLQN UHG
FRPSRVHG RI FDOFLWH SKRVSKDWHYV DQG FDOFLXP VLOLFD
—P FRDWLQJ WKH HORQJDWHG [HQRPRUSKLF FDOFLWH JL
GLVFHUQLEOH DQG FDQ IRUP UHODWLYHO\ WKLFN ODPLQ!
LQGLYLGXDO FDOFLWH JUDLQYV DQG FDOFLXP VLOLFDWHYV

R[LGHV FRUUHVSRQG WR D VHULHV RI KLJK WHPSHUDWXUH
GHYHORSHG LQ WKH PDWUL[ RI WKH PDUEOHV 7KH PDUEC
FRQWHQWYV 8 SSP DQG D YHU\ ODUJH YDQLDWLRQ RI €
ZW B8UDQLXP R[LGHV RFFXU DV LQIUDPLFURPHWULF LQFO?
DWRHNLOLWLF JUDLQV LQ DVVRFLDWLRQ ZLWK WKH SKRVSK
OWJH YDULDWLRQ RI 5(( FRQWHQWY DQG WKH KLJKHVW FRQF
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

J)LIXUH ,,, OLFURVFRSLF YLHZV RI WKH PDUEOHY DQG LWV SK
IOXRUDSDWLWH (WW HWWULQJLWH +FO K\GURFDOXPLWH -Q

%ODFN DQG JUHHQ FDOF VLOLFDWH URFNV

7KHVH PHWDPRUSKLF IDFLHVY DUH UHSUHVHQWHG E\ WZR

-5' DQG EODFN PDLQO\ FRQVLVWLQJ RI ZROODVWRQL
HTXDQW JUDQXODU WH[WXUH $SDWLWH IRUPV DFLFXODU
VHFRQG IDFLHV -5 DQG LYV D JUHHQ IDFLHV ZLWK

FRQVWLWXWHG E\ D PL[LQJ RI VPDOO ZROODVWRQLWH DC
WREHUPRULWHYV DQG JHROLWHV 3KRVSKDWHV RFFXU DV
PLFURFU\VWDOV )LJ ,,, E 8UDQLXP DQG SKRVSKDWHV FR
KRPRIJHQHRXV 8 SSP ZW 3 7KHVH WZR IDFLHV PD\ EH
D GLITIHUHQW SURWROLWK SUREDEO\ PRUH FOD\HG VXFK D
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

IURP D KLJKHU PHWDPRUSK L F KHILDUG Bl ( ( VAFRD WKIMSWHDUH KRP
5(( SSP

JLIXUH ,,, OLFURVFRSLF YLHZV RI WKH SKRVSKDWHYV LQ EODF
VLOLFDWH URFN E )$S IOXRUDSDWLWH OHO PHOLOLWH 3

‘HDWKHUHG PLQHUDOL]J]HG OLPHVWRQHYV

‘HDWKHUHG OLPHVWRQHYV DUH GRPLQDQWO\ FRPSRVHG E\ F
DQG SKRVSKDWHYV 3KRVSKDWHVY DUH DOWHUHG RU IRUP Q
LGRPRUSKLF DFLFXODU FU\WVWDOV XS WR —P 2QH VKR
-5' 7TKH ZHDWKHUHG OLPHVWRQHYV VKRZ D ODUJH YDU

SSP DQG D PRGHUDWH YDULDWLRQ RI SKRVSKDWH FRC
5(( FRQWHQW LV ORZ 5(( SSP 1HZO\ IRUPHG DFLFX
SKRVSKDWHYV IRUP URVHWWH )LJ DQRG ZHDWIKHUHG S
)LI o,
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

JLIXUH ,,, OLFURVFRSLF YLHZV Rl WKH ZHDWKHUHG SKRVSK
VXSHUJHQH SKRVSKDWHV F &DO FDOFLWH &)$ IHHBBERRDWH D
VXOIDWR SKRVSKDWH

7KH WDEOH ,,, VXPPDUL]HV WKH XUDQLXP SKRVSKDWH DQ
WKH %9HOTD *URXS

7TDEOH ,,, DG 5(( FRQWHQWYV RI WKH GLITHUHQW URFNYV |

0,1(5$/2*< $1' *(2&+(0,675< 2) 7+( 3+263+$7(6

7KH GLITHUHQW OLWKRORJLHV RI WKH %HOTD *URXS SUHVH
GLDIJHQHWLF DSDWLWH PDLQO\ REVHUYHG LQ WKH VKDOHYV
SUHVHUYHG LQ D VXSHUJHQH DOWHUHG OLPHVWRQH -5'

PDUEOHYV DQG FDOF VLOLFDWH URFNV LLL DOWHUHG DQG
OLPHVWRQHYV UHVXOWLQJ IURP WKH VXSHUJHQH DOWHUD
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %HOTD *URXS OLWKRORJLHV FHQWUDO

SURSRUWLRQV DUH SUHVHQWHG LQ 7DEOH ,,, 7KH FRUUH
YDULDWLRQ RI FRPSRVLWLRQ RI HDFK DSDWLWH W\SH ©6H
I[URP WKH PDUEOHV QRW IURP WKH FDOF VLOLFDWH URFNYV
FDUERQDWH SKDVH DQG RU D K\GUR[\O FRQVWLWXDQW

ZHDWKHUHG OLPHVWRQHY KDYH D VXOIDWH JIDFRPXE R Q DWKIH

FRVWLWXDQW

7DEOH ,0DMRU HOHPHQWY DQG 8 FRQWHQWYV RI WKH GLI
&2 FRQWHQWYV E
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

6HGLPHQWDU\ GLDJHQHWLF SKRVSKDWHYV

6HGLPHQWDU\ GLDJHQHWLF DSDWLWHV )LJ ,,, - VKR Z

ZW 3 2 Z\Z 3 'LWK WKAD GRXODWLRQ PHWK
PHWKRGRORJ\ VHFWLRQ ZH FDQ HVWLAWWE&E2AREH YAHDUW ER QD \
FOFXOD2WHROQWHQW LV QRW VXIILFLHQW WR KDYH D WRWDO
W\SH Rl DSDWLWH 7KH ODFNLQJ FRPSRQHQW LV FHUWDLC(
VHGLPHQWDU\ GLDJHQHWLF DSDWLWHY HVWLPDWHG DW C
K\GUR[\O FRPSRQHQW LQ WKH PLQHUDO VWUXFWXUH 7K
FRQFHQWUDWLRQV 8 SSP 8PHDQ SSP T7DEOH

7KH UHVXOWLQJ FD@BXDDOWHG3IRURXOD LV

| ZH FRQVLGHU WKH WKHRUHWLFDO VWUXFWXUDO IRUPXO
UHVXOWLQJ IRUBPXOD 132 &&2 ) )

7KH WKHRULFDO IOXRULQH FRQWHQW LV ] ,Q WKH FDVH R
LRQ QXPEHU LV WKH FDOFXOHDWIHRAN IRUPX&DDIEWD HF ReJ U
PLFURSUREH PD\ DOVR FRQWULEXWH WR WKH ORZ WRWDO
%XW WKH 5$0%$1 DQDO\]JHV GLVWXUEHG E\ DQ LPSRUWDQW |
Rl WAXHHIJURXSV

7KH SKRVSKDWLF SDUWLFOHV IURP 5XVHLID DQG (VK 6KLG
$EHG DQG )DNKRXUWD 0J &P &2 ) 7KHLU WRWDO HT
YHU\ VOLJKWO\ KIWKBQGWWBW VWRLFKLRPHWULFDOO\ FRUL
H[SODLQW® BWHWKRG XVHG 7KH PDMRU HOHPHQWY DQG VI
$WRPLF $EVRUSWLRQ 6SHFWURVFRS\ RQ XDEXDOGFN KD YIKR
EHHQ DQDO\]HG E\ VSHFWBROKNRVYRWP BMWN FHDGY 2BHG E\ DFL

3KRVSKDWHY IURP WKH PHWDPRUSKRVHG URFNYV

7ZR W\SHV DUH GLVWLQJXLVKHG KHUH WKH SKRVSKDWHYV I
WKH FDOF VLOLFDWH URFNYV
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

S3KRVSKDWHYV IURP WHKH,PDUEIKORZAZ DQ DYHUDJH SKRVSKRUR:
ZW Z\W 3 DQG D FDUERQDWH IUDFWLR®DED®FXOD
TKIBUHVHQFH RI D FDUERQDWH FRPSRQHQW IUDFWILRQ LV FI
DQDO\WHV 7KH VSHFWUXP ILJ ,,, VKRZV WKH & 2 ERQG ZI

DQG FIR 2 + ERXQGYVY KDYH EHHQ GHWHFWHG LQ WKLYV

JLIXUH ,5%$0%1 VSHFWUXP RIOX FRPDERWDWH KRVWLQ

7KH UHVXOWLQJ FDOFXODDHID VWU XFW X&R2O )RUPXOD LV

, I ZH FRQVLGHU WKH WKHRUHWLFDO VWUXFWXUDO IRUPXC
UHVXOWLQJ IRUPXOD LV

&D 1D 0J 32 &2) )

7KH WRWDO FRPSOWWHG ZMWMNK 7&&EOH ,,, 7KH PHWDPRUSI
WKH PDUEOHY DUH FDUERQDWH IOXRUDSDWLWHYV

&DUERQDWH IOXRUDSDWLWHY RI WKH PDUEOHV SUHVHQW \
FRQFHQWUDWLRQV 8 SSP 8 PHG,83Q06 \BSHF W,NOD.
SWHIQW D IODW SDWWHUQ ZKHQ WKH PLQMUDO EHEXQN WIRF
VSHFWUXP RI PDUEOHV SKRVSKDWHV DUH GLIIHUHQW

FRQFHQWUDWLRQ GXULQJ WKH DEODWLRQ ,Q WKH ILIXUH |,
RI XUDQLXP ZLWK D PLQLPXP FRQFHQWUDWLRQ RI SSP
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

SSP 6XFK D YDULDWLRQ FDQ RQO\ EH H[SODLQHG E\ WKH
XUDQLXP R[LGHV ZKLFK DUH VSRUDGLFDOO\ DEODWHG G
IOXRUDSDWLWH

JLIXUH ,/$,&8306 VSHFWUXP DOXRUEBRWWWH ELRFODWWL
SSP E FBRUERRWDDMDWLWH $DUEOH -5'

S3KRVSKDWHV RI WKH FDOF VLOLEDWWHQRFMKH KLJKHVW
32 ZW 2FHDQ ZW 7TKH UHVXOWLQJ VWUXFW

DSDWLWH LV
&D1D 0J 32 )

7KH WRWDO RI WKLV DSDWLWH LV ZW FRUUHVSRQGL
FRERQHQW 7KH VPDOO IOXRULQH GHILFLW FRXOG EH GXH V
VIV H

7KH\ VKRZ D UHODWLYHO\ ODUJH UDQJH RI XUDQLXP FRQW
SSP EXW ZLWK D VPDOOHU YDULDWLRQ WKDQ LQ WKH PDU
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

S3KRVSKDWHY IURP WKH ZHDWKHUHG FDUERQDWHYV

7KH ZHDWKHUHG PLQHUDOL]J]HG OLPHVWRQHYV VKRZ WZR W\S
SKRVSKDWHV ZLWK FRUURGHG VXUIDFHV DQG DVVRFLDWH
IRUPHG DFLFXODU 1D VXOIDWR SKRVSKDWHYV

L 7KH ZHDWKHUHG SKRVSKDWHY KDYH SKRVSKDWWY FRQF
32 PHDQ ZW , I ZH FRQVLGHU WKDW WKLV SKRVSKDW

&D 1D 0J 32 &2 ) LH &D 0J 32 &2) )

7KH UHFDOFXOHG WRRMQDODWHDW KVWKH &2W KHADKERNE Q,L X P
FRQWHQW XS WR SSP 8PHDQ SSP YHU\ ORZ GHVSLYV
XQDOWHUHG SKRVSKDWHYV

LL 7KH QHZO\ IRUPHG 1D VXOIDWR SKRVSKDWHY LQ WKH Z
FRQWHQW WKDQ LQ WKH RWKHU QMW KFROHRIQHV ZW 3
EHFDXVH RI LWV VXEVWLWXWLRQ EYWXODRQWHD/NVRFLDWHG
VRGLXP FRQWHQW 1DZW 7KH UHVXOWLQJ IRUPXOD LV

&D 1D 32 62 )

7TKH WRWDO LV ZW WKLV SKRVSKDWH FRQWDLQV SURE
EHFRQILUPHG E\ 5$0%$1 PLFURVSHFWURPHWULF DQDO\VHV ,
DSDWLWH WKHUH LV DQ H[FHVV RIJNRXI® WHMW 2 K HK H/DXIBAWH
HIAVV RI VRGLXP ZKLFK VXEVWLWXWHV WKH 0 JURXS DQC
7TKWMH VXOIDWR SKRVSKDWHV KDYH DOVR D ORZ XUDQLXP
SKRVSKDWHYV 8 SSP 8PHDQ SSP

5(( FRQWHQWYV

7KH VHGLPHQWDU\ SKRVSKDWHV DUH ULFKHU LQ 5(( 5((F
$UFKHDQ $XVWUDOLDQ 6KDOH 3$$6 OF/HQQDQ yLd .,
LQ KHDYLHVW/B(¢E1 7KH PHWDPRUSKLF SKRVSKDWHYV
SDWWHUQV WKH PHWDPRUSKLF FDUERQDWH IOXRUDSDW
/D1 <E1 DQG SUHVHQW DQ LPSRUWDQW QHJIDWL'
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

PHDQ WKH IOXRU DSDWLWH RI WKH FDOF VLOLFDWH UF
SSP WKDQ WKH &)$ Rl WKH PDUEOHV 5((PHDQ
QHJDWLYH FHULXP DQRPDO\ &H &H PHDQ 7KH ZHDYV
OLPHVWRQHV VKRZ D IUDFWLRQDWHG SDWWHUQ /ID1 <E
+5(( WKDQ WKH &)$ RI WKH PDUEOHV IRU D JOREDO KLJKH
7KH\ SUHVHQW D QHJDWLYH FHULXP DQRPDO\ &H &H PHEL
HXURSLXP DQRPDO\ (X (X PHDQ 7 KH1 OMKXZ0 D WRU P +
SKRVSKDWHV KNI HPRIQWBAWH 5((PHDQ SSP DQG VKRZ
GXWR WKH ORZHU DQDO\WLFDO SUHFLVLRQ RI WKH /$ ,&3 0

FORVH WR WKDW RI VHD ZDWHU IRU VDPSOH

7KH -RUGDQLDQ SKRVSKDWHV RI WKH %HOTD *URXS KDYH C
ORURFFR /pFX\HU HW DO DQG 1HIJHY 6RXGU\ HW DO
ZLWK QHJDWLYH &H DQRPDOLHV DUH FKDUDFWHULVWLF |
:DOVK 7KLYV SDWWHUQ UHVXOWYV IURP DQ LQFRUSY
VHDZDWHU RU LQGLUHFWO\ I[URP SRUH ZDWHU DIWHU D 5((
KDV LWVHOI LQFRUSRUDWHG WKH 5(( IURP WKH VHDZDWHU

JLIXUH ,3$$®RUPDOL]HG OF/HQQDQ U D UHKHHD® M KH |
DSDVRULWWHMH OLWKRORJLHV RI WKH %HOTEL
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

7TKH ILIJXUH ,,, SUHVHQWY WKH ZKROH URFNV QRUPDOL]H
DSDWLWH W\SH RI WKH %HOTD *URXS $00 WKH DSDWLWHYV
EHFDXVH RI WKH GLOXWLRQ E\ WKH RWKHU PLQHUDOV HYVS
5(( FRQWHQWY H[FHSW IRU WKH VXSHUJHQH OLPHVWRQH
QHZO\ IRUPHG 5(( ULFK PLQHUDOV 7KH 5(( HQULFKPHQW PL
SKRVSKDWH DQG LWV KRVW URFN EXW WKLV FRPSDULVRQ
URFNV 6R WKH ZKROH URFN QRUPDOL]DWLRQ LV VLJQLILFEL
5(( FRQWHQWY RU LI WKHVH 5(( FRQWHQWY DUH DWWULEXW

,Q WKH ILJXUH ,,, D WKH VHGLPHQWDU\ FDUERQDWH 10>
-5 VKRZ D IODW SDWWHUQ LQ FRQWUDVW ZLWK WKRVF
DQRPDO\BIHGBRPHQWDU\ &)$ Rl WKH ELRFODVWLF OLPHVWR:
DQRPDO\ LQ 7E LQGLFDWLQJ WKDW WKLV HOHPHQW LV KR
&)$ RI WKH ZHDWKHUHG OLPHVWRQH -5° 5((PHDQ &)$
H[EFHSW IRU (X ZKLFK VKRZV D QHJDWLYH DQRPDO\ UHIOHFYV
E\ DQRWKHU PLQHUDO 7KLV &)$ KDV DOVR KLJKHU 5(( FRQ!

5((PHDQ SSP IRU WKH &)$ LQ WKH VKDOH DQG  5((PH
WKH ELRFODVWLF OLPHVWRQHYV

7KH &)$ RI WKH PDUEOHV )LJ ,,, E VKRZ D ODUJH UDQJH I
SSP LQ FRPSDULVRQ ZLWK WKH ZKROH URFNV 7KHVH &)$ S
PDUEOHV -5' QG $ ZKLFK VKRZ D QHJDWLYH &H DQRF

KRVWHG E\ RWKHUV PLQHUDOV VXFK DV FHULDQLWH &H

7KH IOXRUDSDWLWHYV )$S RI WKH FDOF VLOLFDWH URFENV
FDOEOLFDWH URFN -5' SUHVHQW D IODW SDWWHUQ HJ
URGLFDWLQJ WKDW HXURSLXP LV KRVWHG E\ RWKHU PLQHLU
DUH PRUH IUDFWLRQDWHG ZLWK KLJKHU /5(( FRQWHQWYV
LQGLFDWLQJ WKDW WKH +5(( RI WKH ZKROH URFNV DU
/I5(( KDYH EHHQ VOLJKWO\ HQULFKHG E\ PHWDPRUSKLVP

7KH ZHDWKHUHG &)$ )LJ ,,, G RI WKH ZHDWKHUHG OLPHV'

DUH IUDFWLRQDWHG ZLWK KLJKHU /5(( FRQWHQWYV /ID1 -

DQRPDO\ DQG D VOLIJKWO\ QHIJDWLYH FHULXP DQRPDO\ UHI

SKDVH DQG WKDW WKH SUHVHQFH RI UDUH PLQHUDO RI IOF
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %HOTD *URXS OLWKRORJLHV FHQWUDO
OHDFKLQJ IURP WKH XSSHU KRUL]JRQV VHH &KDSWHU
SUHVHQW D SDWWHUQ JOREDOO\ IODW GHVSLWH WKH VDZV
5(( FRQWHQWYV 5((PHDQ SSP WKDW KLV ZKROH URFN
LQGLFDWHYV WKDW WKH PDLQ SDUW RI 5(( SUHVHQW LQ WK

VXSHUJHQH SKRVSKDWHYV

JLIXUH ,,;KROH URFNV QRUPDOL]J]HG UDUH HDUWK HOHPHQWYV GH!

URFN D VHGLPHQWDU\ FDUERQDWH IOXRUDSDWLWHY E PHWDPI

PHWDPRUSKLF LGLR WR VXELGLRPRUSKLF IOXRUDSDWLWHYVY RI W
IRUPHG VXSHUJHQH SKRVSKDWHYV
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

7R VXPPDUL]H WKH VHGLPHQWDU\ FDUERQDWH IOXRUDSDW
FDUU\ WKH UDUH HDUWK HOHPHQWV RI WKH KRVW URFNV

WKH GHVWDELOL]DWLRQ RI WKH &)$ DQG WKH ORVV RI &t}
PHWDPRUSKLF JUDGH UHVSRQVLEOH RI WKH WRWDO GHF
IOXRUDSDWLWH LQ WKH FDOF VLOLFDWH URFNV VHH &KD:¢
VOLIJKWO\ HQULFKPHQW LQ /5(( 7KH DOWHUDWLRQ OHG W
ZHDWKHUHG OLPHVWRQH -5' OHDFKHG IURP WKH XSSH
SKRVSKDWHV Rl WKH ZHDWKHUHG OLPHVWRQH KDYH ORZHL
LQGLFDWLQJ WKDW WKH\ DUH QRW FDUULHU RI WKH 5(( SUH

7KH 8 5(( GLDJUDP )LJ ,,, SUHVHQWY WKH UH@/EKWLRQ I
GLITHUHQW DSDWLWH W\SHV 7KH GLDJUDP VKRZV WKH OL
VHGLPHQWDU\ FDUERQDWHY IOXRUDSDWLWHYV RUDQJH VK
YDULDWLRQV DQG KLJKHU 5(( FRQWHQWYV IRU WKH &)$ RI W
&)$ RI WKH PDUEOHV VKRZ D ZHDN YDULDWLRQ RI WKH 5(¢
FRQFHQWUDWLRQV LOOXVWUDWLQJ WKH SUHVHQFH RI PLFU
WKH PHWDPRUSKLF &)% PDUEOHV DUH KLJKHU WKDQ WKH &
RI WKH S\URPHWDPRUSKLVP SURFHVV 7KH IOXRU DSDWLWI
5(( FRQWHQW KLJKHU WKDQ WKRVH RI WKH &)$ RI WKH PCLC
PHWDPRUSKLF JUDGH :HDWKHUHG SKRVSKDWHYV RI WKH V
ZHDN XUDQLXP FRQWHQW DQG GR QRW VKRZ FRUUHODWLRC(
VXSHUJHQH OLPHVWRQH VKRZ D ZHDN SRVLWLYH FRUL
OR®W 5(( FRQWHQWYV WKDW WKH ZHDWKHUHG &)$%

7KH URFNV ZKLFKVHWQHWRKMD SRRV SKDWH KDYH SKRVSKDW
WKH KLIJKHVW 5(( FRQWHDQWUYHYLDQG FDOF VLOLFDWH URF
FRQWHQW SUREDEO\ GXH WR WKH S\URPHWDPRUSKLVP 7
IRUPHG VXOIDWR SKRVSKDWHYVY RI WKH ZHDWKHUHG OLPH'
DOWHUDWLRQ DQG D VXSHUJHQH UHFULVWDOOL]DWLRQ
LOQOWURGXFWLRQ RI WKH 5(( LQ WKH DSDWLWH VWUXFWXUH
ZKHQ OHVV DSDWLWH LV LQLWLDOO\ SUHVHQW LQ WKH URF
ODUJHU DPRXQWYVY LQ WKH DSDWLWH VWUXFWXUH WKDQ L¢
DYDLODEOH LQ WKH RULJLQDO KRVW URFN
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %HOTD *URXS OLWKRORJLHV FHQWUDO

JLIXUH ,.,8 5((

JLIXUH ,,ZW 23 5(( RI WKH SKRVSKDWH QRUPD®((]HG
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

&+(0,&%/ 9%85,$%,/,7<

7KH GLIITHUHQW W\SHV RI DSDWLWHV VKRZ D FKHPLFDO YDL
WKBXUDQLXP DQG 5(( FRQWHQWYVY 7KH ODZV RI VXEVWLW)
YDULDELOLW\ RI FRPSRVLWLRQ REVHUYHG LQ WKRKWHWHKHALQF
FRPSRVLWLRQDO FKDQJHV DQG WR XQGHUVWDQG WKH FRQ
HODPHQWYV VXFK DV XUDQLXP

EVWLWXWLRQV PHFKDQLVPV LQ DSDWLWH

7KH VWUXFWXUH R¥2WV;KHSBSB MWLV PHURXYV VXEVWLWXWLRQ
DRIQV FDQ VXEVWLW3XW HUIRXS & B DIQ G) VHHW

0 FDWLRQV

&DOFLXP 0 FDWLRQV FDQ EH VXEVWLWXWGE %D NWBLRXV
WULYDOHQW FD®G RVH VB UD Y D OBHUPWY LPOPWILR QWKB DSDWLWH O
HQWHUV E\ VXEVWLWXMWL®R B OBHWEKXIO® U BIW DO Et
VLPLODULW\ Rl WKHLU LRQLF UDGLL 8UDQLXP LV WHWUL
VXEVWLWXWURQWHSKODFHEHBYRQHB YDFDQF\ LQ WKH VWUXF
IROORZLQJ VXIENMWEDRRESE R Q

7KH GLDJUDP LQ ILIJXUH ,,, VKRZV WKH FRUUHODWLRQ EH'
QWKRORJLHV XUDQLXP HQULFKPHQW WHQGV WR EH SURSF
OLPHVWRQHY DQG RI WKH PHWDPRUSKLF URFNYV \% 8 3
RI WKH VKDOHY DQG ZHDWKHUHG OLPHVWRQHV FDQQRW E
EODFN VKDOHV D ODUJH SDUW RI WKH XUDQLXP LV DVVRI
ZKHUHDV LQ WKH ZHDWKHUHG OLPHVWRQHV XUDQLXP LV
IRUP XUDQ\O YDQDGDWHYV W\X\DPXQLWH VWUHONLQLWH
DOVR DVVRFLDWHG ZLWK VXOILGHVY LQ FDOFLWH YHLQV ZK
UHODWLRQ LV DOVR LOOXVWUDWHG E\ WKH GLDJUDP LQ IL.
VKDOHV DQG RI WKH ZHDWKHUHG VXSHUJHQH OLPHVWRQH
FRQWHQW RI WKH ZKROH URFNV LQGLFDWLQJ WKDW XUD
PLQHUDOV EHVLGHYVY WKH SKRVSKDWHYV
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %HOTD *URXS OLWKRORJLHV FHQWUDO

JLIXUH ,8, 3 GLDJUDP DIWHU )OHXHB @GKD §WHO,

JLIXUH ,,8 FRQWHQWYV Rl WKH ZK®DH RIRF RR QWW & W R H
HPK URFN
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

=2 JURXS

SKRVSKDWH2 IDRXS FDQ EH UHSODFHG E\ D YDULHW\ RI WH)
62 DQG &27KH VXEVWLWXWLRQV E\ GLYDOHQW JURXS UHTXL

7KH FDUERQDWH IOXRUDSDWLWHY Rl WKH VHGLPHQWDU\ |
EHFDXVH RI VXEVWLWXWLRQV RI FDUERQDWH IRU SKRYV
PHFKDQLVPV 3DQ DRBYHOHHWQ SURSRVHG IRE2WKH LQFRU.
YDFDQF\

&2) U 32 &2 ‘U 32 &D &2 6L2U 32 &2 1DU 32 &D

7TKH FDUERQDWH DSDWLWHY SUHVHQW IOXRULQH FRQWHQV
OF&OHOODQ DQG /HKU 7KH\ JHQHUDOO\ FRQWDLQ P
IRUPXOD3ZDP 7KH FRPELQHG VXEVWRWPWLRHISOHDLQ ZK\ W
VHGLPHQWDU\ DSDWLWH FRQWDLQV PRUH IOXRULQH WKDQ
FRQILIXUDWLRQ DOORZV WR NHHS WKH HOHFWURQHXWUDO

FKDUJH UHVXOWLQ32 WKE WKHV&EWLRQ OF$UWKXU % X W
H[LVWV LQ WKH OLWHUDWXUH DURXQG WKLV VXEVWLWXWLF
6PLWKHRQG 7UXHPDQ *XOGEUDQGVHQ (
%DFTXHW HW DO %LQGHU DQG 7UROO D

SURSRVHG WKDW ZKHRQDUSSDQBHRRE 3D ) LRQ RFEXSLHV W
VLWH %XW WKH HOHFWURQHXWUDOLW\ FDQ EH UHVSHFW
PHFKDQLVPV 1DWKDQ HYRNHG WKH SHRAKR WH W LFR ) DB
&2 'HVSLWH WKH LPSUREDEORQHEHADXYAHRRIWKKE2WRR FOR
&2 DQG ) LQ WKH VWUXFWXUH OHDGLQJ WR JUHDW UHSX

1DWKDQ FRQFOXGHG ILQDOO\ WKDW WKHVH WZR |

7KH WDEOH ,,, VXPPDUL]HV WKH GLIITHUHQW VWUXFWXUDO
SUHVHQWHG DERYH VHFWLRQ ,,, PDWHULDOV DQG PHWK
O XRUDSA WADNMH WR ] 1] & LRQV QXPEHU ) LRQV GXH WR
FRQVLGHUHG WKH FDVH ZKHUH ) LRQV QXPEHUV LV HTXDO
WR ] )JOXRULQH H[FHVV JHQHUDOO\ REVHUYHG LQ WKH
QRW REVHUYHG ZLWK WKHVH SKRVSKDWHY DQG ZLWK WKH I
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

DQG OHWKRGV VHFWLRQ DERYH 7KLV LV DQ LOOXVWUDWL
PLFURDQDO\WLFDO RSHUDWLQJ FRQGLWLRQV IRU WKH SKRY\

7TDEOH ,([FHVVLRBRRBXODWLRQV

7KH VHGLPHQWDU\ GLDJHQHWLF ©BWEBQYBWHQW®XSH D SHRWL
EWZHHQ ) DORQERQWUDWLRQV LQ FRQWUDVW ZLWK WKH PH
ZKLFK WHQG WR GHILQH D JRRG QHJIJDWLYH FRUUHODWLR
ZHDWKHUHG OLPHVWRQHV VHHP WR VKRZ SRVLWLYH FRUUH

IRMKH ZHDWKHUHG VXSHUJHQH SKRVSKDWHV 7KH UHOD\
W\SHV Rl DSDWLWHY DUH SUHVHQWHG LQ ILIJXUH ,,,

JLIXUH ,,) &2 GLDJUDP
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

7KH GLIITHUHQW VXEVWLWXWLRQV REFXUULQJ LQ WKH DSDW
E\ WKH IROORZLQJ GLDJUDPV )LJ ,,,

7KH VXEVWLWX&2)RO IHDFVELRERV'U 32 &DDUH FRQILUPHG
yLJ ., EXW QRW IRU WKH IOXRUDSDWLWHY RI WKH FDOF
1D6 SKRVSKDWHV ZKLFK GR QRW KDYH FDUERQDWH FRPS
FDUERQDWH IOXRUDSDWLWHY DUH EHORZ WKH FRUUHODWL|
SKRVSKDWHYV

2WKHUV SRVVLEOH VXEVWLWXWLRQV DUH LOOXVWUDWHG E!

, QWKH GLDJUDHPU&R¥ L2 )LJ ,,,WKH IOXRUDSDWLWH RI WKH F
DUH DOVR UHYHUVHO\ FRUUHODWHG ZLWK D FRUUHODWL
LQGLFDWHYVY WKDW WKH IOXRUDSDWLWH RI WKH &DOF VLOLF
6L2 U 32

7KH 3D YHUVXVYW &2 DJUDP )LJ ,,, VKRZV D QHIJDWLYH FR
IRUPHG 1D VXOIDWR SKRVSKDWHV RI WKH ZHDWKHUHG O
FRHIILFLHQW RI 7KLYV LQGLFDWHV WKDW WKLV SKRV

VXBVY WX LR@U 32 &D

108



&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %HOTD *URXS OLWKRORJLHV FHQWUDO

JLIXUH ,,,32&DYHUWXRV

JLIXUH |, 32YHUVX\WIZGLDJUDP

JLIXUH ,,32&D YHUVXYD &A1 DJUDP
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

$OVR VXOIDrWR WREVWDRPRVUKML @2 WR WKH MBEVIRLWXWLRQ
&D /LX DQG &RPRGL 3HQJ HW DO 7TKH VXEVWLW
JURXSVY UHTXLUHVY D SDUWLDO UHSODFHPHQW RI FDOFLXP
WKH FKDUJH FRPSHQVDWLRQ 3LRWURZVNL HW DO 7K

VTXDUH V\PEROV KDYH WKH KLJKHU FRQWHQW LQ VX
62 7KH VXEVWIASZWIHRXSPOHG ZLWK WKHA XBQW LIWVDXOX VR D
E\WKH GLDJUDPY&RUV XV&B2 )LJ ,,, ZKHUH WKHVH WZR HOI
QHIJDWLYH FRUUHODWLRQ ZLWK D FRUUHODWLRQ FRHIILFL
SKRVSKDWHYVY +HQFH WKH QHZO\ IRUPHG VXSHUJHQH 1D V)
FRXSOHG VXEVWLWXWLRQ RI VXOIDWH DQG VRGLXP IRU SKEK

JLIXUH ,,621DYHU¥XW%D GLDJUDP
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

',6&866,21
(YROXWLRQ RI WKH VHGLPHQWDU\ GLDIJHQHWLF SKRVSKI

3KRVSKDWH RRLGHY QRGXOHV DJJUHJDWHY DQG VNHOHWLI
FRQVLVW Rl FDUERQDWH IOXRUDSDWLWH 3KRVSKRUXV SU
RUJDQLVPV DQG SODQWV WR EH FRQYHUWHG LQ RUJDQLF
DVVRFLDWLRQV ZKLFK DUW RSIHW R P SRRWIHGE) DWPAWKDRG HBK IS RAH
IORRU .QXGVHU DQBSURBKREY LV SURPRWHG E\ WKH XSZHC
DUH ULFK LQ QXWULHQWY DQG OHDG D KLJK SURGXFWLYL
PDULQH RUJDQLVPV DQG KHQFH D JUHDW 3 IL[DWLRQ 7K
ORFDWHG WR WKH 20= R[\JHQ PLQLPXP JRQH )|OOPL
HQYLURQPHQW WR UHOHDVH 3 7KH VXER[LF FRQGLWLRQV ¢

DQ®WKHLU SUHFLSLWDWLRQ WR IRUP &)$ 60DQVN\ 5
FU\WWDOOL]H LQ WKH LQW HRYGRR\QLIDHR WD\D WU R Q ZKHI) KBRJK
ZDWHU DOND O LRKRQFHDWAI DWLRQ DUH ORZ -DKQNH 60C

$OVR &)$ FDQ EH IRUPHG E\ SUHFLSLWDWLRQ IURP DC
FDUERQDWH R[LF SURFHVV E\ EDFWHULDO SURFHVVHV 6
DQG FDQ EH DOVR GHSRVLWHG DV ERQH WHHWK RU VK

,Q SKRVSKRULWHVY RU SKRVSKDWLF URFNV FDUERQDWH 10
WUDFH HOHPHQWYV VXFK DV XUDQLXP ZKLFK FDQ EH SUHVHC
HW DO DV DQ DGVRUEHG RU VWUXFWXUHBSOOFHPHRRWSH
&DEHFDXVH Rl WKHLU FORVH DRGLE UDGLL$S@WVKXOOHU
OF&OHOODQ DQG 9DQ3MQHBEHUN DO

,Q VHDZDWHU 8 LNHSYBIOHQW BVDWK® LRQ ZKLFK LV PRUH !
HQULFKPHQW RI 8 LQ SKRVSKRULWHY PD\ EH GXH WR WKH
RUJDQLF PDWWHU LQ WKH GHSRVLWLRQDO HQYLURQPHQW
VELPHQWDU\ GLDJHQHWLF OLWKRORJLHV VKRZ D SRVLWLY
ZDV LQFRUSRUDWHG GRPLQDQWO\ LQ WKH DSDWLWH ODWW
URFNV KDYH D PD[LPXP XUDQLXP FRQFHQWUDWLRQ RI
FRQWHQW RI SSP 7KH VKDOHV DQG WKHLU SKRVSKDWH
ZKHHDV WKH SKRVSKDWH ELRFODVWLF OLPHVWRQHV RI WK
VXER[LF 20= ZKHUH WKH SULPDU\ SURGXFWLYLW\ LV KLJK
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

$FFRUGLQJ WR OFS$WWKKIXUXEVWLWXWLERQVWIKRH &5 DBBOBEW

FRPSRVLWLRQ RI WKH VROXWLRQ ZKLFK IRUPV WKLV PLQ

FRQGLWLRQV RI WKH IRUPDWLRQ %XW WKH WHWUDYDOHQV

DFLG UHGXFLQJ HMVYLURQPHRAWFKDWHQW Rl WKH FDUERQD

VKRXOG EH GXH WR WKH LQFUHDVH Rl WKH WHPSHUDWXUH

QDPH IRU WKH &)$ EXW QRW DGPLWWHG E\ DOO WKH VFLH
&RRN

8UDQLXP PRELOL]DWLRQ IURP WKH ELRJHQLF SKRVSKDWF

&DUERQDWH OLWKRORJLHV RI WKH %HOTD *URXS VXIIHUHG
WKH FRPEXVWLRQ RI RUJDQLF ULFK OD\HUV ZKHWKHW[\JHQ
SHFXOLDU PHWDPRUSKLVP DIIHFWHG UHVWULFWHG JRQHV F
RUJDQLF ULFK SURWROLWKHY EXW KDV RFFXUUHG RYHU YFh

7KH FDUERQDWH IOXRUDSDWLWHY Rl WKH PDUEOHV VKRZ D
WKH DEODWLRQ DW D VDPH SRLQW OHDGLQJ WR SHDNV R
EHFDXVH Rl WKH SUHVHQFH RI LQIUDPLFURPHWULF LQFOXV
PHGLDQ FRQWHQW SSP VKRZV WKDW WKH ODWWLFH RI W
8 FRQWHQW RI FRUUHVSRQGVY WR DQ,830QBPQRPOLRQVDE
&)$ Rl PDUEOHV DUH WKH RQO\ DSDWLWH W\SH WR VKRZ W
SURFHVV ZKLFK OHG WR WKH UHFULVWDOOL]DWLRQ RI WKF
LQIUDPLFURPHWULF LQFOXVLRQV PLFURVFRSLFDOO\ YLVLE
UHFRQFHQWUDWLRQ LV

SUDQLIHURXYV FDUERQOXRU DBORNUIDMSED WXWBEBQLQLWH

7TKH SKRVSKDWHV RI WKH FDOF VLOLFDWH UBHINYEBQBD WABXRI
K\GUR[\O JURXS 7KLV PD\ EH GXH WR D GHFDUERQDWD
PHWDPRUSKLVP DV DOUHDG\ REVHUYHG E\ ODWWKHZV DQG
8UPLXP PRELOL]DWLRQ ZDV SRVVLEOH E\ WKH WHPSHUDW X
RI WKH FDUERQDWH IOXRUDSDWLWH 6WHLQ VKRZHG W

EHJLQ WKH XUDQLXP PLJUDWLRQ DQG FRQFHQWUDWLRQ SU
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

f& 7KH XUDQLXP R[LGH LV H[VROYHG DQG IRUPV PLFU
YLVLEOH E\ RSWLFDO PLFURVFRS\ 7KHVH PHWDPRUSKLF IO
XUDQLXP FRQFHQWUDWLRQ DYHUDJH 8 SSP WXW ZH C
WKHVH FDOF VLOLFDWHY URFNV 7KH ODFN RI XUDQLXP L
PHWDPRUSKLF JUD&KHHK BV ERWS8 UHFRQFHQWUDWLRQ

1HZ 3KRVSKDWH IRUPDWLRQ DQG VHFRQGDU\ XUDQLX
ZHDWKHULQJ RI WKH FDUERQDWHYV

$OWHUHG IOXRUDSDWLWH -5' DQRQG QHZO\ IRUPHG VX
ZHDWKHUHG SRURXV OLPHVWRQHY KDYH WKH ORZHVW DYH!I
WR SSP DQG SSP 1HZO\ IRUPHG VXOIDWR SKRVSKDWF
LQ WKH SRURVLW\ DQG ZHDWKHUHG SKRVSKDWHYV RFFXU D
URXQGLQJ ZLWKLQ ILEWRENDAVOKOH PH® HFDDERQONVHY DUH PLC
ZKLFK LV DVVRFLDWHG ZLWK YDQDGLXR WR IRQ68 WWUBOXQ(
1D82 92 +2 LQ WKH PDWUL[ RI WKH URFNV 7KH XUDQ\O Y
WKH SRURVLW\ RI WKH URFNV RU RFFXU DV VSOLQWHU WE
IOXRULWH RFFXUV LQ FDOFLWH RU DV FRDWLQJ RI YXJV RI |

7KH IRUPDWLRQ RI WKHVH PLQHUDOL]J]HG ZHDWKHUHG OLPF
VWHSV ZKLFK DUH SUHVHQWHG LQ GHWDLO LQ &KDSWHU

6XSHUJHQH DOWHUDWLRQ Rl WKH FDUERQDWH IOXRUDSD\
RI'8 R[LGL]JHG LQ 8

&RQFHQWUDWLRQ E\ ZDWHU LQILOWUDWLRQ DORQJ DQ D
SURILOH

7UDSSLQJ RI 8 VXE LQ VLWX EHFDXVH RI WKH ORZ YDQDG
FERQDWHG OLWKRORJLHV 8 DQG 9 VRXUFHV DUH WKH VDI
PLIJUDWLRQ REVHUYHG LQ WKH FODVVLF PLQHUDOL]JHG FDOI

$GGLWLRQ RI 8 [IURP WKH PRUH PHWDPRUSKRVHG IDFLHV
OLEHUDWHG 8 OHDFKHG E\ PHWHRULF IOXLGYVY OHDGLQJ WKFE
PRUHHVLVWDQW PDUEOHV WKDW IRUP WKH WRSRJUDSKLFDO
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

7TKH ZHDWKHUHG SKRVSKDWHYV KDYH EHHQ IRUPHG DFFRUGL
BUDQLIHURXYEBPIWHUHG &)$ XUDQ\O YDQDGDWH |

7KH QHZO\ IRUPHG VXOIDWR SKRVSKDWHY KDYH EHHQ IRUPI
BUDQLIHURXYV &)$ a9DVOOIBWAR SKRVSKDWH XUDQ\O YDQ

1D SUREDEO\ RULJLQDWHYV IURP WKH HYDSRUDWLRQ RI VXU
LWV vDoLQLW\N W PD\ RULJLQDWH IURP WKH DOWHUDWLR
VXOILGHVY S\ULWH VSKDOHULWH PLOOHULWH KDZOH\LWH
OLPHVWRQHV ZKLFK FRQWDLQ PLQHUDOV VXFK DV HWWU
+DVKHPLWH %D &U 6 2 DQG VXOILGHYV 7KH VRGLXP DQG V
VDOLQLW\ GXULQJ WKH GHSRVLWLRQ 5XVVHOO DQG 7UXHPI

5(( HYROXWLRQ

7KH PDULQH ELRJHQLF DSDWLWHV IURP ORURFFR <SUHVLD
&DPSDQLDQ (DUO\ ODDVWULFKWLDQ /pFX\HU HW DO 6
DWKH VDPH SHULRG DQG ZLWK WKH VDPH SDOHRJHRJUDS
5(( SDWWHUQV VLPLODU WR WKRVH RI WKH -RUGDQLDQ VI
DQRPDOLHV UHIOHFW WKH VHDZDWHU SDWWHUQ DQG QRW
1IRUPOL]DWLRQV RI WKH 5(( FRQWHQWY Rl WKH DSDWLWHYV
WKH VHGLPHQWDU\ DQG WKH PHWDPRUSKLF FDUERQDWH 10
WKH\ UHSUHVHQW WKH KRVW PLQHUDOV IRU PRVW RI WKH
VHDZDWHU SDWWHUQ IRU WKH &)$ RI WKH PRINE QWD WRWRI
S\URPHWDPRUSKLVP GLG QRW WKDRROWHQQYVILFR QW 6 R QWK
SDWWHUQ RI WKH IOXRUDSDWLWH RI WKH FDOF VLOLFDW
S\URPHWDPRUSKLF JUDGH DQG SUHVHQW D PRUH IUDFWLI
HYLGHQFH WKDW WKH SURWROLWKY Rl WKH FDOF VLOLEDW
PDUEOHWIQ@DWK3$$6 QRUPDOL]HG SDWWHUQ VLPLODU WR \
ZDWKHUHG &)$ RI WKH ZHDWKHUHG OLPHVWRQH -5 KD
PRUH IUDFWLRQDWHG EHFDXVH RI WKH DOWHUDWLRQ UHVS
XSSHU ZHDWKHUHG KRUL]JRQV VHH &KDSWHU 9
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

7KH ORZHU 5(( FRQWHQW RI WKLV QHZO\ IRUPHG SKRVSKDW
LOQFRUSRUDMDWR ALLQ WRKBKRVSKDWHYV ZKLFK KDYH DOVR D O
KRVW URFN )LJ ,,, +RZHYHU D QRQ 5(( ULFK PLQHUDO K
URFN 5(( FRXOG KDYH EHHQ OHDFKHG WRZDUG WKH RWKF
FDQQRW EH FRQILUPHG EHFDXVH WKH VDPSOH ZDV QRW FR(

&21&/86,21

7KH ELRJHQLF FDUERQDWH IOXRUDSDWLWHY GHSRVLWHG

XUDQLXP GXULQJ VHGLPHQWDWLRQ LQ WKH UHGR[ JRQH EH(
VXEVWLWXWHY IRU FDOFLXP LQ WKH ODWWLFH VWUXFWXUH
SKRVSKRUH HQULFKPHQW GXULQJ WKH FRLQFLGHQFH RI
SDODHRJHRJUDSK\ DQG GHSRVLWLRQDO HQYLURQPHQWYV S
1HR 7THWK\V HYHQW 3 ZDV IL[HG E\ PDULQH RUJDQLVPV DQ
VHD IORRU LQ D UHGR[ HQYLURQPHQW WKDW SUHVHUYHG W
8 LQ WKH FDUERQDWH IOXRUDSDWLWH $IWHU PLOOLRQV
ELWXPLQRXV VKDOHV XQGHUZHQW S\URPHWDPRUSKLVP GXL
WKH 1HRJHQH 7KLV UHVXOWHG LQ WKH PRELOL]DWLRQ DQ
ODWWLFH RI WKH FDUERQDWH IOXRUDSDWLWH WR IRUP X!
DOWHUDWLRQ DOORZHG WKH OHDFKLQJ RI WKH XUDQLIHU]
HYDSRULWLF IOXLGY OHG WR WKH DOWHUDWLRQ RI VXSH!
FU\WWWDOOL]DWLRQ RI VXUILFLDO XUDQLXP PLQHUDOV VHH
VXOIDWR SKRVSKDWHV WKDW DUH FKDUDFWHUL]HG E\ D OR:

$&.12:/('*0(176

'H WKDQN $5(9% 1& IRU WKH ILQDQFLDO DQG VFLHQWLILF V
WR KDYH DOORZHG XV WR FRPSOHWH WKH VDPSOLQJ ZLWK
3KLOLSSH /DFK IRU DMXBOAY H&3 WBKDQN \RX WR KDYLQJ JUD
\RXU SUHFLRXV 3K' WLPH $OVR ZH WKDQN ODULH &DPLOOF
5$0$1 VSHFWURPHQ@MUORVVHU 5XFN IRU WKH ;5 DQDO\VH
OLWKRSUHSDUDWLRQ VHUYLFH 2O0LYLHU 5RXHU DQG WKH
6$50
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

5()(5(1&(6

$EHG $ 0 J)DNKRXUL . 2Q WKH FKHPLFDO YDULDELOL
-RUGDQLDQ SKRVSKRULWHYV &KHP *HRO

$EHG $ 0 6DGDTDK 5 $0 -D]JL O 6HTXHQFH VWU
(VKLGL\\D SKRVSKRULWH SODWIRUP VRXWKHUQ -RUGDQ ©6H

$OWVFKXOHU =6 &ODUNH 56 -U <RXQJ ( - *HRFK
SKRVSKRULWH 8 6 *HRO 6XUY 3URI 3DSHU '

$OWVFKXOHU =6 7KH JHRFKHPLVWU\ RI WUDFH HOHF
&KDUDFWHULVWLF $EXQGDQFHYVY DQG HQULFKPHQW 6(30 6St

$VKFNHQD]L BROLYRGD 6 $EUDPRYLFK 6 $OPRJL /DELQ
6 3*WWPDQQ : %HUQHU = SDODHDRHQYLURQPHQW
VHTXHQFH 6RXWKHUQ 7HWK\V ,VUDHO DV DQ LQWHJUDO
SDODHRJHRJU 3DODHRFOLPDWRO 3DODHRHFRO

%DFTXHW * 9R 4 7 %RQHO * 9LIJIQROHV O S
pFMURQLTXH GX FHQWUH ) GDQV OHV IOXRUDSDWLWHV FD
&KHP

% XUWNMA & 3KRVSKRULWH JURZWK DQG VHGLPHQW G
XSZHOOLQJ VI\VWHO ,Q 3KRVSKRULWHV GHSRVLWV RI WKH
(GV % XUQHWW : & 5LJJV 6 &DPEULGJH 8QLYHUVLW\ 3U}F

%DXPHU $ &DUXED 5 *D&DNHERQDRUDSDWLWH OLVH HQ
OD VXEVWLWEWLRQ 632SDU VSHFWURP WX UR SHD Q D-IRRXUJHD C
OLQHUDOR

%LQGHU * 7TUROO * &RXSOHG DQLRQ VXEVWLWXWL
&RQWULE OLQHUDO 3HWURO

%RWPPW 6WDU\QNHYLFK ,' %HORY 19 &DUERQDWH |
6665
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

&DUSHQWHU - + SULWFKDUG ' : :KDOH\ 5 & 2EHVI
QXWULHQW F\FOHV LQ VRPH FRDVWDO SODLQ HVWXDULF
FRQVHTXHQFHY FRUUHFWLYHV 1DWO $FDG 6FL :DVKLQJ)\

&RPRGL 3 /LX < 6WRSSD ) RROH\ $ 5 $ PXOWL P
5(( ULFK DSDWLWH IURP D QHZ NLQG RI NDOVLOLWH EHDULC

&RRBI - SHSHDWHG GLDJHQHWLF FDOFLWL]DWLRQ SKR
SKBKRULD )RUPDWLRQ *HRO 6RF $P %XOO

&XQHO (YROXWLRQ RI 8UDQLXP JUDFWLRQDWLRQ 3URF
BHFXODU 9DULDWLRQ RI 8UDQLXP 'HSRVLW 7\SHV (FRQ *HF

(WWLRW - & 6WUXFWXUH DQG FKHPLVWU\ RI WKH DSDW
S (OVHYLHU $PVWHUGDP

JOHXUDQFH 6 &XQH\ O ODODAVNUHQ RI W HKH H[WUHPH SF
HQULFKPHQW &G &U OWRKHL/D8VH &&(@E VRIFARXWLDU\ %HOTD
FHOQWUDOGDRDIGRIAPBIRDHY R F&L.® D WRHKDF R O

)JOOPL . % 7KH SKRVSKRUXV F\FOH SKRVSKRJHQH
GHSRVWLV (DUWK 6FL 5HY

JURHOLFK 31 SUWKXU 0 $ WXUQHWW : & '"HDNLQ O
.LP .+ SRH . 6RXWDU $ O9DWKDNDQRQ & (DUO\ C
SHUX FRQWLQHQWDO PDUJLQ VHGLPHQV SKRVSKRULWH SUL

*DUUHOV 5 0 6RPH WKHUPRG\QDPLF UHODWLRQV DPI
UBWLRQ WR WKH R[LGDWLRQ VWDWHY RI WKH XUDQLXP RUF
QRYV DQG

*ROGRII % "HEVWHU - ' +DUORY ' ( &KDUDFWHUL]
HOHFWURQ SUREH PLFURDQDO\VLVY ZLWK D IRFXV RQ WLPH
$P OLQHUDO

*XOGEUDQGVHQ 5 % &KHPLFDO FRPSRVLWLRQ RI S
JRUPWLRQ *HRFKLP &RVPRFKLP $FWD
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

*XOEUDQGVHQ 5 $ SHODWLRQ RI FDUERQ GLR[LGH FI
JRUPDWLRQ WR UHJLRQDO IDFLHV 8 6 *HRO 6XUY 3URI 3

+XJKHV -0 '"UH[OHU - : &DWLRQ VXEVWLWXWLRQ LC
VWUXFWXUHV RI W\SHV K\GUR[\OHOOHVWDGLWH DQG W\SH |

-DKQNH 5 $ 7KH VIQWKHVLY DQG VROXELOLW\ RI FDU
-DVLQVNL 6 O SKRVSKDWH URFNV 8 6 *HRO 6XUY OL!
.QXGVHU $ & *XQWHU 0 ( 6HGLPHQWDU\ 3KRVSKD!

JRUPWLRQ 6RXWKHDVWHUQ ,GDKR 8 6 $ 5HY OLQHUDO *HEF

IpPFX\HU & SH\QDUG % *UDQGMHDQ 3 S5DUH HDUWK
VHDZDWHU UHFRUG LQ ELRJHQLF DSDWLWHV &KHP *HRO

/ILX < DQG &RPRGL 3 6RPH DVSHFWV RI WKH FU\VW
0D
ODWWKHZV $ IDWKDQ < /TKH GHFDUERQDWDWLRQ R

$P OLQHUDO

OFSUWKXU - 0 JUDQFROLWH JHRFKHPLVWU\ = &RPS
IRUWDRQ GLDIJHQHVLV PHWDPRUSKLVP DQG ZHDWKHULQJ

OF$UWKXU -0 :DOVK -1 5DUH HDUWK JHRFKHP
*HRO

OF$UWKXU - 0 JOXRULQH GHILFLHQW DSDWLWH OLQHL
OF&OHOODQ * + [HKU - 5 &U\WWDO FKHPLFDO LQYH
OLQHUDO

OF&SOHOODQ * + OLQHUDORJ\ RI FDUERQDWH IOXRUD S
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

OF/HQQDQ 6 0 5DUH HDUWK HOHPHQWY LQ VHGLPHQV
DQBHGLPHQWDU\ SURFHVVHV *HRFKHPLVWU\ DQG PLQHUD(
OLQHUDO *HRFKHP

OFROHOODQ * + 9DQ .DXZHQEHUJK 6 - 9 OLQHUDOR.
$-* 1IRWKROW DQG , -DUYLV (GLWRUV 3KRVSKRULWH 5
IRQGRQ 6S 3XEO

IDWKDQ < 7KH PLQHUDORJ\ DQG JHRFKHPLVWU\ RI S
ORRUH 3 2 HGV 3KRVSKDWH PLQHUDOV 6SULQJHU %HUO

1IDWKDQ < OHFK VGEVRVRW XWLRQ LQ FDUERQDWH IOXF
)7,5 VSHFWURVERS\ DQG TXDQWXP PHFKDQLFDO FDOFXOD
OLQHUDO

3@ < )ADHHW &RPSRVLWLRQV RI WKH $SDWLWH *URXS
OHFKDQLVPV DQG &4RQWUROOLQJ )DFWRUV 5HY OLQHUDO *

3MF]HU * *DIW 0 5HLVIHOG 5 6KRYDO 6 %RXORQ
IXPLQHVFHQFH RI XUDQLXP LQ QDWXUDO DSDWLWHV - $00

S3LVK -7 &XUWLV 5/ $WPRVSKHULF FLUFXODWLRQ
WKH OHVR]RLF DQG &HQR]RLF HUDV 3DODHRJHRJU 3DODHR

3J *< -XKU -) OF*HH - - J)DFWRUV FRQWUROOLQ.
DSDWLWH $P OLQHUDO

SRWURZVNL $ .DKOHQEHUJ 9 )LVEFKHU 5 ; OL[HG St
SRVVLEOH PDWHULDOV LQ GHQWULDO ILOOHUV (XU - O0LQF
3RAOO - + ORKIG % . (YROXWLRQ RI &UHWDFHRXYV

SOMORUP VHTXHQFHYVY LQ FHQWUDO DQG VRXWK -RUGDQ *HR:

3\OH - 0 6SHDU ) 6 :DUN ' $ (OHFWURQ OLFURSUR
ORQD]LWH DQG ;HQRWLPH 3URWRFRODV DQG 3LWIDOOV 65H
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %9HOTD *URXS OLWKRORJLHV FHQWUDO

5HJQLHU 3 /DVDJQD $ & %HUQHU 5 $ OHFKDQL\
FDUERQDWH IOXRUDSDWLWH (YLGHQFH IURP )7,5 VSHFW
PHFKDQLFDO FDOFXODWLRQV $P OLQHUDO

5RHGHU 3/ OFSUWKXU ob ; 3 3DOPHU * 5 &
PLFURSUREH VWXG\ RI UDUH HDUWK HOHPHQWY LQ DSDWLW

5RQVER - * &RXSOHG VXEVWLWXWLRQ LQYROYLQJ 5((\
URENV IURP WKH ,00LPDXVVDT LQWUXVLRQV 6RXWK *UHH
$P QQHUDO

SRXJHULH ) -HKO & /IH GRVVLHU SKRVSKDWH UHYLYV
2FpQDRJUDSKLH UpFLIDOH &HQWUH 256720 GH 7DKLWL
S3RO\QpVLH )UDQoDLVH ,QVWLWXW ODWKLOGH )UpEDXW

SRXVH 5 & 'XQQ 3 - $ FRQWULEXWLRQ WR WKH FU\\
VOLFDWH VXOIDWH DSDWLWHV $P OLQHUDO

5XVVHOO 5 7 7TUXHPDQ 1 $ 7KH JHRORJ\ RI WKH
1RUWKZHVWHUQ 4XHHQVODQG $XVwWUuDOLD (FRQ *HRO

60DQVN\ O *HRORJ\ RI 6HGLPHQWDU\ 3KRVSKDWHV .R
6PLWK -3 J/HKU -5 $Q ; UD\ LQYHVWLJIJDWLRQ RI FDU
6RXGU\ ' &KDPSHWLHU < OLFURELDO SURFHVVHV LC

,VUDHO G6HGLPHQWRORJ\

6RXGU\ ' (KUOLFK 6 <RIIH 2 IDWKDQ < 8UDQL>
YDLDWLRQV LQ JHRFKHPLVWU\ RI SKRVSKRULWHYV IURP WK

6RXGU\ ' *OHQQ & 5 IDWKDQ < 6HJDO 9RQGHU+DD
SKRVEKRHNLY DORQJ WKH QRUWKHUQ HGJHV RI WKH $U
&UHWDFHRXV (RFHQH DV GHGXFHG IURP WHPSRUDO YDULDW
DFFXPXODWLRQ (DUWK 6FL 5HY
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&KDSWHU ,,, 6HGLPHQWDU\ PHWDPRUSKLF WR VXSHUJHQH HYRO
IURP WKH %HOTD *URXS OLWKRORJLHV FHQWUDO

6WHLQ O %HKDYLRU RI XUDQLXP GXULQJ FDOFLQDWI
+HEUHZ 8QLY -HUXVDOHP

6WRUPHU - & 3LHUVRQ 0/ 7DFNHU 5 & O9DULDWLRC
DQLVRWURSLF GLIIXVLRQ LQ DSDWLWH$BXUOLQHAUDEMHFWURQ

7ROHGR 0 & 0 GH /HQKDUR 6 /5 )HUUDUL 9 )RQWDQ )
7KH FRPSRVLWLRQDO HYROXWLRQ RI DSDW ItVMRHOL Q OMIDID LZQ-
FDUERQDWLWLF FRPSOH[ *RLV %UD]LO &DQ OLQHUDO

7TUXHPDQ 1 $ 6XEVWLWXWLRQV IRU SKRVSKDWH LRQV
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& KD S VY9HU

&SKDUDFWHUL]DWLRQ RI WKH S\UF
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

,1752'8&7,21

,Q WKLV FKDSWHU WKH DLP LV WR SUHVHQW WKH SHF
FKDUDFWHULVWLFV RI WKH PHWDPRUSKLF URFNV RFFXUUL!
$]]JDELE ]JRQHV DQG WR RXWOLQH WKH SURFHVV RI WKHLU
SUHYLRXV FKDSWHU ZH KDYH VKRZQ WKH LPSRUWDQFH RI S
XUXOLIURP WKH FDUERQDWH IOXRUDSDWLWH VWUXFWXUH
WHPSHUDWXUH ORZ SUHVVXUH URFNV DUH NQRZQ IURP D O
OHWDPRUSKLF FRPSOH[HVY DUH ORFDWHG RQ WKH ERWK VLG
-RUGDQ OHWDPRUSKLF URF®V WU DRHIQW DB R L FROWG D Q DIDRH X F
=RQH" +DWUXULP IRUPDWLRQ LQ ,VUDHO WKH RULJLQ RI :
+HLPEDFK DQG 5RVFK 3\URPHWDPRUSKLF URFNV KDY}
&]HFK 5HSXEOLF $XVWUDOLD 6KDQ[L SURYLQFH LQ &KLQD
HW DO &ODUN DQG 3HDFRU *UDSHV HW DO

DUH ORFDWHG LQ -RUGDQ ODTDULQ LQ WKH QRUWK DQG

DUHD )LJ ,9 7KHVH URFNV KDYH EHHQ LQWHQVLYHO\ VW
FRPSDUDEOH WR WKH 3RUWODQG FOLQNHU FHPHQWV DQG

ZKEK ZLOO EH XVHG IRU WKH VWRUDJH Rl KLJK OHYHO QXFO
DO 7HFKHU HW DO JRXUFDGH HW DO (OLH
PHFKDQLFDO DQG JHRFKHPLFDO EHKDYLRU GXULQJ WKHLU
IOXLGVY RYHU PLOOLRQV RI \HDUV LV Rl SDUWLFXODU LQWH!

JRXW\SHV Rl PHWDPRUSKLF URFENV KDYH EHHQ LGHQWLILHG

WKH EODFN FDOF VLOLFEPW®EORFNWH URFKN DWQHHQ SI
VDPSOHV ZHUH FROOHFWHG IURP VHYHUDOIRRDPWER@SYV
ODDVWULFKWLDQ 3DODHRFHQH VHH JHQHUDO JHRORJLF
LGHQWLILFDWLRQ Rl WKH PHWDPRUSKLF PLQHUDOV DQG L
DQRBU FDUERQDWHG LV FRPSOH[ 7KH GHWHUPLQDWLRQV KI
DQG VFDQQLQJ HOHFWURQ PLFURVFRS\ HOHFWURQ PLFURS
FDOFXODWHG 7KH LGHQWLILFDWLRQ RI VRPH PLQHUDOV LV
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

JLIXUH RADLRIQWKH PHWDPRUSKLF FRPSOH[HV FRORXL
VTXDUH DIWHU 7HRKDSHWW DO

*(1(5%$/ 32,176
3\URPHWDPRUSKLVP GHILQLWLRQ

7KH S\URPHWDPRUSKLVP LV D KLJK WHPSHUDWXUH DQG YH
SHFXOLDU PHWDPRUSKLVP IRU ZKLFK WKH WKHUPDO HQHI
RUJDQLF PDWWHU ULFK OD\HUV RU FRDO &ODUN DQG 3HDF

6SULQJHU SRGQH\ *UDSHV VKRZHG WKDW WKHVH KLJ
FDXVHYV D PDILF PDJPD I0RZ WKH VSRQWDQHRXYV
VHGLPHQWY RLO RU JDV DQG OLIJIKWHQLQJ VWULNHYV

PDJPD LQWUXVLRQ RU GXH WR RUJDQLF PDWWHU FRPEX
H[SDQVLRQ DQG FRQWUDFWLRQ GXULQJ KHDWLQJ FRROLQJ
RI WKH PLQHUDO SKDVHV 7KH WKHUPDO JUDGLHQW EDQ EF
WMQ@RI FHQWLPHWHUV LQ SDUWLFXODU LQ WKH FDVH RI RLU

f& FDQ EH UHDFKHG IRU WKH S\URPHWDPRUSKLVP U
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

ELWXPLQRXYV PDWHULDO 7KH PRWRU RI WKH LIJQLWLRQ LV
GXULQJ WHUUDLQ FROODSVH VXEVLGHQFH RU ZKHQ WKH L
7TKH FRPEXVWLRQ UH®DFWKRDWY &NBDO PRO

BUHYLRXV VWXGLHYVY RQ S\URPHWDPRUSKLVP LQ FHQWUDC

$ FRQVLGHUDEOH QXPEHU RI SHWURJUDSKLF DQG LVRWR
FKDUDFWHUL]H WKH PLQHUDORJLFDO DVVHPEODJHV RI WKH

%YHQWRU HW DO *URVYV ODWWKHZV DQG .RORGQ\
DQ@WRVV %XUJ HW DO .KRXU\ DQG OLOLGRZV
6RNEMG 9RONRYD 7KLV SURFHVV DIIHFWHG WKH 8S

/IRZHU 7HUWLDU\ 3DODHRFHQH VHGLPHQWDU\ URFNV PDI
ELWXPLQRXV OLPHVWRQHY GRORPLWHV FRQJORPHUDWHYV
RYHU WRKDYNMPEHHQ LGHQWLILHG 7KH pORWWOHG =RQHTY F

NP ZLWK D WKLFNQHVV XS WR P 7KH GHSWK RI WKH PH
$U $U U GDWLQJ DQG ILVVLRQ WUDFN GDWLQJ RI WKH I
S\URPHWDPRUSKLF HYHQW DW DQG 0D *XU HW DO

OLRFHQH .RODRGQ\ HW DO %XUJ XSOLIW WKDW

HISRVXUH DW WKH VXWBEHKRS URKR FDWVWERQDKH PHWDPRL
HORWWOHG =RQHY DUH YDULHG IHOV PDUEOHV PHWDPRUS
VLIW\ PHWDPRUSKLF PLQHUDOV PDLQO\ FDOFLXP VLOLFDWI
DR WHVWLILHV WR WKH LQWHQVH UHWURJUDGH PHWDPRU
VXOIDWL]DWLRQ 6WURQJO\ PHWDPRUSKRVHG URFNV PDNH
SURFHVV ZDV LQLWLDWHG E\ WKH R[LGDWLRQ RI WKH ELWX
QHDU WR WKH VXUIDFH DW ORZ SUHVVXUHV 7 EDU D
9DSQLN HW DO .RORGQ\ DQG *URVYV UHIXWHDC
PHWDPRUSKLVP EHFDXVH RI WKH DEVHQFH RI LIQHRXV URF
PHWDPRUSKLF URFNV DUH PDULQH OLPHVWRQHY DQG VLOL
PHWDPRUSKLVP 3DODHRPDJQHWLF VWXGLHV LQ ,VUDHO 5F
VKRZ WKDW WKH PDIJQHWLF DQRPDOLHV LQ WKH poO
PHWDPRUSKLVP 7KH +DWUXULP EDVLQ SUHVHQWYV D JUHDW
<XYDO 7KH FRPEXVWLRQ KDV FRPSOHWHO\ FKDQJHG
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RI WKH ELWXPLQRXV SURWROLWKHY 7KHVH DQRPDOLHV DL
S\ULWHV WR PDJQHWLWH JLYLQJ WKH PDJQHWL]DWLRQ RI
VKRZ WKH SUHVHQFH RI D WKHUPDO DQRPDO\ E\ LVRGHSWI
WKH &XULH LVRWKHUP LVRGHSWK Rl WKH ORKR GLVFRQWL
$0$]UDT EDVLQ WKURXJK FHQWUDO -RUGDQ ,Q IDFW WKH
PDWHULDO ORVVHV LWV PDJQHWL]DWLRQ DQG EHFRPHV PD
WKH &XULH WHPSHUDWXUH GHWHUPLQHG IURP WKH KHDW
PDJQHWLF ERGLHV LQ FHQWUDO DQG ZHVW -RUGDQ 7KH HYV
IRU DQ DUHD/RIQ WKH UHJLRQ RI WZR \HDUV 6RNRO HW DO

&+$5$&7(5,=$7,21 2) 7+( 3<520(7$0253+,& 52&.6 ,1 &(175$/
-25'$1

SHWURJUDSKLF DQDO\VLYV

TKHRXRHWDPRUSKLF IDFLHV PDUEOHV SEODFN IDFLHV™ 3J
VKRAYLGHQFH RI GXFWLOH GHIRUPDWLRQ ZKLFK LV WR EH
ORZ SUHVVXUHV DQG LQ WKH DEVHQFH RI WHFWRQLF VWUH"

ODUEOHYV

7KH PDUEOHV FRUUHVSRQG WR PHWDPRUSKRVHG SKRVSKD
7KLV FRORXU FKDQJH LV GXH WR WKH R[LGDWLRQ RI VXO
SKRVSKDWHYV ZKLFK EHFDPH PRUH FU\WWDOOLQH ZLWK WKH
VXEVWLWXWLRQV )LJ ,9 D E 7KLV SKHQRPHQRQ KDV DO\

7KHVH URFNV DUH FRPSOHWHO\ UHFU\WWDOOL]HG DQC
WKHLU PDLQ PLQHUDOV FDOFLWH KHUE WIBE ERERPWW KB X\RH
EBGLQJ 7KH PDUEOHV FRQWDLQ D ODUJH VHULHV RI PH
EURZQPLOOHULWH EURZQPLOOHULWH 7L VUHEURGROV
)LJ,9 F G H DQG SULPDU\ DFFHVVRU\ PLQHUDOV VXFK D
LQ WKH SKRVSKDWHYV YRDHO®HWHLL&PARDOHULWH =Q )H \
)LJ ,9 G QDWLYH FRSSHU LV GLVVHPLQDWHG LQ WKH
PEURPHWULF LQFOXVLRQV LQ SKRVSKDWHYV DQG SRHNLOLW
L@&KDSWHU 3KRVSKDWHVY FRQWDLQ PDNLQHQLWH 1L6H
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LQFOXVLRQV WRR $OVR PDUEOHV FRQWDLQ VRPH K\GUD
VSXUULWH WLOOH\LWH )L ,9 F H I J K &DOFLXP V
DVVRFLDWLRQ ZLWK HWWULQJLWH VXOIDWH DQG K\GURFD
) VLOLFDWH HWWULQJLWH VXOIDWH DQG FDOFLWH PRVYV
O9HLQV ILOOHG E\ EXOWIRQWHLQLWH DVVRFLDWHG ZLWK .
+DVKHPLWH %BWJYWDXOV )LJ ,9 O '5;, DQDO\WHYV UHYHDC
OOPRQWLWH ,GLRPRUSKLF SKDVHV DUH FRPSRVHG RI FDOI
EODFN FRORXUHG )LJ ,9 P Q 6RPH RULJLQDO FODVWYV
URXQGHG E\ WKH UHFDUERQDWHG PLQHUDO

128



&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

J)LIXUH ,9 ODFURVFRSLF D E DQG 6(0 YLHZV F WR Q RI WKH
EURZQPLOOHULWH &DO FDOFLWH &)$ FDUERQDWH IOXRUDSD\
KDVKHPLWH -Q MHQQLWH 3\ S\WLWH 6SX VSXUULW
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%ODFN FDOF VLOLFDWHY URFNYV

7KH EODFN FDOF VLOLFDWH URFNV -5 )L ,9 D DUH
&D6L2IRUPLQJ D PRVDLF DQG $PHXOILOEWHO &IDI 1D
$FLFXODU LGLRPRUSKLF IOXRUDSDWLWHYV )LJ ,9 F DUH GL
PHOLOLWH IUDPH G6XELGLRPRUSKLF WR LGLRPRUSKLF FKUF
PDWUL[ DQG LQ WKH FDYLWLHVY OLOOHULWH 1L6 EXQVHC
DVVRFLDWHG )D\DOLWH IRUVWHULWH DQG SDO\JRUVNLW
%YHWZHHQ WKH WZR PDMRU FRPSRQH®WY 2WKHUH DUH
SXPSHOO\DW6IL2 &8DDURXS PLQHUDOV D®EW62HWWULQJILWH &
)L ,9 F G SRZHOOLWH RFFXUV LQWR WREHUPRULWH YHL
DVVRFLDWHG LQ WREHUPRULWH FDYLWLHV )LJ ,9 | 9HLQ\
WREHUPRULWH YHLQV FXW WKH FDOFLXP VLOLFDWHYV

JLIXUH ,9 ODFURVFRSLF DQG PLFURVFRSLF YLHZV RI WKH EODI
FHOHVWLQH )$S IOXRUDSDWLWH )H 3UY )H SHURYVNLWH O
SRZHOOLWH 7EP WREHUPRULWH R ZROODVWR(
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*UHHQ FDOF VLOLFDWH URFNYV

7KH JFDMMEOLFDWH URFNV -5 SUHVHQW D EHGGLQJ F
QRGXOHV —P PP DQG ZKLWH PLFURJUDLQV )LJ ,9 D 7KH
DVVHPEODJH Rl PXOWLSOH PLQHUDOV VPDOOHU VRPH W
PHWDPRUSKLF IDFLHV 7KH SULQFLSDO PLQHUDOV DUH ZRC
$0J )H FDOFLXP VLOLFDWHV PHOLOLWH" DXJLWH" 3KR
VXELGLRPRUSKLF VPDOO HORQJDWHG FU\WWDOV —P 3R,
DQG WREHUPRULWH LV GLVVHPLQDWHG EHWZHHQ WKH PHO|
ILOOHG E\ JHROLWHYV [ & B WO, | RO P+ 2D WKRPVRQLWH
1D&HP®BI2 + WREHUPRULWH VRPHVBLP&RASIWEKDXPDOVLWH &
DQG ZLWK QDWLYH FRSSHIL)BEQGVERBDODXBYK XAKIHWHGR UL H Q
UHSUHVHQWH WKH PLFUR QRGXOHV VHHQ PDFURVFRSLFDO
GXULQJ WKH FRROLQJ RU WKH GLVVROXWLRQ RI FRQVWLW>
IOXRFHULWH DUH DVVRFLDWHG ZLWK WREHUPRULWH LQ VRI
DQG KHPDWLWH KDYH EHHQ GHWHFWHG E\ '5; DQDO\VHV
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JLIXUH ,9 ODFURVFRSLF DQG PLFURVFRSLF YLHZV RI WKH JUHI
OHO PHOLOLWH YEP WREHUPRULWH =HR JHROLWHYV
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3bubDODYDYV

3bubobyYyb LV WKH WHUP JLYHQ WR YHVLFXODU DSKDQLW
FRPEXVWLRQ RI FRDO EXW ZKLFK KDYH WKH DSSHDUDQFH
7TKUHH URFNV -5 mQG9 D E KDYH EHHQ LQLWLDOO\
\WPLODU WR DOWHUHG EDVDOW EXW VHHPV WR EH SDUDOLI
DUH SUHVHQW RQO\ ORFDOO\ IRUPLQJ GLNH OLNH ERGLF
DGYDQFHG EXW ZH DOUHDG\ NQRZ WKDW WKH PDWUL[ LV F
FWWDOV ZLWK VRPH FDOFLWH IHOGVSDUV DQG LGLRPRUSE
DQDO\]JHG LQ WKH VDPSOH FRQVLVW RI IHOGVSDUV FDOFLW

JLIXUH ,9 ODFURVFRSLF DQG PLFURVFRSLF YLHZV RI WKH SDUI
S\UR[HQH
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S\ URPHWDPRUSKLF PLQHUDOV
(Thoeretical formulae)
ODUEOHYV

Brownmillerite &D$OH 2 LV D WA\SLFDO R[LGH RI WKH LPSXUH PHYV
Rl KLJK WHPSHUDWXUHY 7KH\ RFFXU DV SRHNLOLWLF PLQ
DQG FDOFLWH JUDLQV W VHHPV WR WKDW PL[WXUH SHUR\)
DV LGLRPRUSKLF HORQJDWHG PLFURFU\VWDOYV

Srebrodolskite &DH 2 LV DQRWKHU SRHNLOLWLF LGLRPRUSKLF
FDOFLXP VLOLFDWHV FDOFLWH DQG SKRVSKDWHY JUDLQV

Spurrite &D6L2 &2 D@I&jite &PL2 &2 DUH FDUERQDWHG FDOFL
W\SLFDO RI WKH KLJK WHPSHUDWXUHV * ORZ SUHVVXU}
LRISKRUPLF DQG KDYH IODVEKRORRORZ @ FRIRY VUFRODUL]HG
DOVR DV URXQGHG WR VXELGLRPRUSKLF FU\WWDOV ZKLFK
FDOFLWH DQG FDUERQDWH IOXRUDSDWLWH PLQHUDOV +\G
PD\ IRUP LQFOXVLRQV LQ WKHP

Jemite &B 612 2+ +2 Da@fwillite &D6L2+ +2 DUH FDOFLXP VLO
K\GUDWHV W\SLFDO WR WKH PHWDPRUSKRVHG OLPHVWRQ
URXQGHG WR VXELGLRPRUSKLF JUDLQV LQ YHLQV DQG FDY
DQG EXOWIRQWHLQLWH ZKLFK FU\VWDOOL]H ODWHU

Hydrocalumite &30 2+ & 2+ @+ 2 LD/Q R[LGH GLVVHPLQDWHG LQ W
WKH FDOFLXP VLOLFDWHY $OVR WKLV PLQHUDO RFFXUV I
YHLQ

Tobermorite &BL2 2+ + LV D JURXS RI FDOFLXP VLOLFDWH K\(
DOXPLQLXP 7KLV SKDVH RFFXU DV VXELGLRPRUSKLF WR
DOWHUHG EODFN FDUERQDWHYV

Bultfonteinite &®L22+ ) LV D IOXRU FDOFLXP VLOLFDWH K\GUDW
JURX®RPPRQ LQ WKH WKHUPDO PHWDPRUSKRVHG OLPHVWR(
YHLQV DORQJ ZLWK HWWULQJLWH EHIRUH RU DIWHU VRPI

ILEUR UDGLDOV PLQHUDOV LQ FDYLWLHYV
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Kumtyubeite &D6L2) LV D IOXRU FDOFLXP VLOLFDWH W\SLFDC
VHRQGDU\ PLQHUDO RFPRHEGIHQRWKHLOQYWHQYWQDVVRFLDWLEF
6XEVHTXHQWO\ WKH IRUPDWLRQ RI +DVKHPLWH FU\VWDOV
XPW\XEHLWH RFFXUV DOVR DV ILEUR UDGLDO PLQHUDOV
IOXRUDSDWLWH FRUH

Ettringite &BO62 2+ + £ LV D VXOIDWH K\GUDWH RFFXUULQ
VHFRQGDU\ SKDVH ZKLFK ILOOHG WKH FDYLWLHV DQG
EXOWIRQWHLQLWH

Hashemite %D, € 2 LV D VXOIDWH ZKLFK RFFXUV DV LGLRPRUS
EXOWRQWHLQLWH HWWULQJLWH DQG FDOFLWH

%ODFN DQG JUHHQ FDOF VLOLFDWH URFNYV

Wollastonite &D6L2V DQ DQK\GURXV FDOFLXP VLOLFDWH 7KLV |
RI WKH EODFN PHWDPRUSKLF IDFLHV ZKHUH LV IRUPV D PF
JUHHQ IDFLHV WKHVH PLQHUDOV DQG WKH RWKHUV FRQVW

Melilite LV DVVRFLDWHG ZLWK WKH ZROODVWRQLWH PLQHUDO
FRQIXVHG ZLWK DXJLWH 7KH\ DUH YHU\ VPDOO LW LV QR
PHOLOLWH PLQHUDO LV DQK\GURXV DQG QRW FDUERQDWHG

Zeolites D QdbermoriteILOOHG WKH YHLQV WKH YDFXROHVY DQG WKH
FRQVWLWXHQWY RI WKH URFNV DQG DUH WKXV FOHDUO\ OD

+\GUDWHG DQG RUOFMHEERDOWHDGEG W 3XPSHGONNWHAL Q/DSHH(
EHWZHHQ WKH ZROODVWRQLWH PLQHUDOYV

,Q WKH EODFN DQG JUHHQ PHWDPRUSKLF IDFLHV WKH FL
FRORXUHG DOWHUDWLRQV JRQH FRPSRVHG RI FDUERQDWHG
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SDUDIJHQHWLF VHTXHQFHYV

JLIXUH ,S3DUDJHQHWLF VHTXHQFHV IRU WKH DRIEPD WD REQ \
DQRG WKH SDUDODYDV F
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*HRFKHPLVWU\
'KROH URFN HOHPHQW DQDO\VHV DUH JLYHQ LQ DSSHQGL]J ,

TKHPDUEOHY DUH ULFK LQ FDOFLXP &D?2 ZW EXW VKI
FDOFLXP FDUERQDWH FROWHQWHIOHKRDRRQI WKDW &D LV DC
SKDVHV VXFK DV WKH FDUERQDWH ZQJXXRUDB® D LAMHJWIH YDYL
VOFDWHYV GHVFULEHG DERZXZW SYLEM[SODLQHG, LQZVRNHKH &
PDUEOHYV DV ZLWK WKH QRQ PHWDPRUSKRVHG OLPHVWRQHYV

7KH SDUDODYDIVKLKBWNWWKLOLFD 6ARQW H QAW DOXPLQD
$Q ZW LURQ 2 JHZW DQG PDJQHVLXP 0J2
ZW UHIOHFW WKH SUNHNWIQFIHDRIHWO JKH SRRUHVW FI
&D2 ZW LQGLFDWHV D ORZHU &D VLOLEDWHV DQ

RMMHU PHWDPRUSKLF IDFLHVY 3DUDODYDV VKRZ WUDFH HOH
PHWDPRUSKLF IDFLHV &U &X 1L 9 H[FHSW IRU PRO\EGH
8 SSP DQG JLUFRQLXP =U SSP

7KH EODFN POQOBQUHHHDWH URFNV KDYH DQ LQWHUPHGLDU\

ZW *LYHQ WKH ORZ LJQLWLRQ ORVYV /12, ZW
FDERQ 728& ZW WKH KLJK FRQFHQWUDWLRQV LQ |
DUH DVVRFLDWHG ZLWK DEXQGDQW &D VLOLFDWHY DQG QF
DOXPLQD 2 $0 ZW LURQ 2 YHZW DQG PDJQHVLX

0J ZW UHIOHFW WKH GLIIHUHQW R[LGHV DQG VLOLT
7KH SKRVSKRUXV FPRQWH@W DQG3I0OXRU ) ZW FRUL

WKH XRU DSDWLWH )OXRULQH LV DOVR SUHVHQW LQ IOXR
URFNV VKRZ WUDFH HOHPHQW FRQWHQWYV VOLJKWO\ ORZHU

&U SSP FRSSHU &X SSP PRO\EGHQXP OR
1L SSP YDQDGLXP 9 SSP $OVR WKH XUDQLXF
LV ORZHU WKDQ WKRVH RI WKH PDUEOHV 7KH\ VKRZ KLJK
SSP WKDQ WKH PDUEOHYV =U SSP LQ UHODWLRQ ZLWK

WKH LQLWLDO SURWROLWK DV DOVR LQGLFDWHG E\ WKHLU

7KH YDULDWLRQV RI WKH PDMRU HOHPHQWY FRQFHQWUDWI
L@® VHULHV RI GLDJUDPV LQ ILIX3RH Q@ DHRG ,8&D27KIR 6L2

GLDJUDP )LJ ,9 VKRZV WKDW WKH PHWDPRUSKLF URFNYV
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KLJK FRQFHQWUDWLRQ VLOLFD DQG SKRVSKRUXV FRQWHOQ
DORQJ D PL[LQJ OLQH EHWZHHQ WKH DYHUDJH -RUGDQLDQ
7KH PDUEOHY DUH WKH FORVHVW Rl WKH FDOFLWH SROH D
YDULDEOH DQG KLJKHU SKRVSKDWH FRQWHQWY WKDQ WKR\
FRBRVLWLRQV SORW FORVHU WR WKH -RUGDQLDQ VKDOH
FRPSRVLWLRQV SORW LQ LQWHUPHGLDU\ FRPSRVLWLRQ C
PHWDPRUSKLF URFENV GHILQH WKH VDPH WUHQG WKDW WKF
=RQHY +DWUXWIP )PEXW ZLWK ORZHU )H DQG $0 FRQWHQW
PWEOHV D IDFLHV ULFK LQ FDUERQDWHY QRW GHVFULEHG
&2 A@LIUDP )LJ ,9 D VKRZ WHODW RNKRI &DK&2PDUEHGHR LQFU
WKDW RI WKH OLPHVWRQH UHIOHFWLQJ WKH GHFDUERQDWLE
SRRU LQ WRWDO FDUERQ DQG KDYH WKH KLJKHVW VLOLFD F
QRQOWFERQDWHG FDOFLXP VLOLFDWHV VXF2 DELRBOD®VW
)L ,9 E VKRZ WKDW WKH UDWLRV $0 6L GHFUHDVH IURP
LQFUHDVH &DOF VLOLFDWH URFNV KDYH DQ LQWHUPHGLD
SDUDODYDV FORVH WR WKH VKDOH -5 VKDOH 3DUDOI
$ %' ( 7KH &D2 BIZLDJUDP )LJ ,9 F LOOXVWUDWHY WKH
WKH SDUDODYDV LQ FRQWUDW ZLWK PDUEOHV ZKLEK VKRZ
VKRZ LQWHUPHGLDU\ SKRVSKDWH FRQFHQWUDWLRQV
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JLIXUH ,9 326L3© )H2 &D2 0J2 GLDBRAIWHRJ WKH WHUQDU\ GLDJUI

+RZHYHU WKH ILHOGY HQFORVHG URFN DQEPMWHY IURP

FRUUHFWHG IRU FDUERQDWH FRQWHQW E\ WRE&RBN WBHBW LODIWDNKG D\

DQG *URVYV 2XU -RUGDQLDQ VDPSOHY KDYH QRW EHHQ FRUL
WKH UDWRR $02)H
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J)LIXUH ,HUQDU\ GLDJUDRY B &D2 $22 F &D2 8l2
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',6&866,21
2ULJLQDO DQG UDUH PLQHUDORJLFDO DVVHPEODJHYV
+LJK WHPSHUDWXUH ORZ SUHVVXUH SURJUDGH P}

7TKHSURWROLWKY KDYH VXIIHUHG S\URPHWDPRUSKLVP FKD
WA\SLFDO PLQHUDOV VXFK DV FDOFLXP VLOLFDWHV OLNH .
EURZQPLOOHULWH

SHWURJUDGH PHWDPRUSKLF DVVHPEODJHYV

7KLY KLJK WHPSHUDWRDMHAMHG YE\QWHWDWRJIUDGH HYHQW

UHFDUERQDWDWLRQ OHG WR WKH IRUPDWLRQ RI K\GUDWHG
EXOWIRQWHLQLWH DQG JHROLWHV 'XULQJ WKLV UHWURJU
LEPRUSKLF IRUP RI &D VLOLFDWHY DQG OHG WR WKH FU\V\

FIWNROLWKHYVY DQG FRQGLWLRQV RI IRUPDWLRQ

7KH PLQHUDORJLFDO FRPSRVLWLRQ RI WKHVH WKUHH PHW
LOQWHQVLW\ RI WKH PHWDPRUSKLF SURFHVYV DIIHFWLQJ GLII

7TKHPDUEOHYVY DUH PDLQO\ FRPSRVHG RI RULHQWHG FDOFLW
IOXRUDSDWLWH IHYHUWKHOHVYV WKH\ FRQWDLQ SUR.
VSXUULWH WLOOH\LWH R[LGHV EURZQPLOOHULWH DQG
K\GUDWH EXOWIRQWHLQLWH DQG VXOIDWH K\GUDWH HW
ULFKHVW LQ SKRVSKDWH ZLWK WKH UHVSHFWLYHO\ FRQFH«
SURWROLWKYVY ZHUH EHGV RI SKRVSKDWLF OLPHVWRQH 6

ZW 6L2 VKRZ DEXQGDQW FDOFLXP VLDWRBFWHMWGLY VK
SDUHQW URFN SUREDEO\ FRQWDLQHG VLOLFD ULFK OD\HUV
VLOLFD ZW 6L2 DQG WKXV SUHVHQW IHZ FDOF
FRQVLVWY PDLQO\ RI FDOFLWH ZLWK D ORZ SKRVSKDWH FI
KDYH EHHQ OLPHVWRQHV ZLWK RUJDQLF ULFK OD\HUV 7k
FDXVHG GHFDUERQDWDWLRQ RI WKH FDOFLXP FDUERQDWH
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7TKHEODFN FDOF VULOYLPWHQMDFERYVWLWXWHG RI ZROODVWEF
FDUERQDWHG FDOFLXP VLOLFDWH DQG LQFOXGH PLQRL
WREHUPRULWH ]HROJIWHHH\Q HBVOWFUY QOAL WIRW SRRDHFG HR1 D PL[W
VPDOO VL]HG PLQHUDOV ZROODVWRQLWH PHOLOLWH" DXJI
ILOOHG E\ K\GUDWHG UHWURJUDGH SKDVHV JHROLWHYV DQ
UDWLRYVY VKRZ WKDW WKH SURWROLWKH RI WKHVH WZR PHW
ULFK FOD\H\ OLPHVWRQHV RU PDUOV ZLWK KLJKHU $O )H

WKDW WKH PDUEOHV *UHHQ IDFLHVY SURWROLWKY ZHUH SU
FRQWUDVW ZLWK WKH SDUHQW URFN RI WKH EODFN IDFLHV
DQG JUHHQ IDFLHV DUH ULFK LQ &DORDFEDWEHROQDWH BK¢
UHIOHFWLQJ WKDW WKH GHFDUERQDWDWLRQ UHDFWLRQV Z
vVWwO FRQWDLQ FDOFLWH W LV LQGLFDWHYVY WKDW WKH S'
IRUPLQJ WKH PDUEOHY DQG WKH GXUDWLRQ RI FRPEXVWLR

7TKISDUDODHHDPN WR EH PDLQO\ FRQVWLWXWHG RI 0J $O VL
WKH WHUQDU\ GLDJUDPV LQGXFH WKDW WKHLU SURWROLWK

7KH URFNV KDYH EHHQ IRUPHG DW YHU\ ORZ SUHVVXUH LQ
LV QHFHVVDU\ IRU WKH LQWURGXFWLRQ RI R[\JHQ QHHGHC
7KH SURJUDGH PLQHUDORJLFDO DVVHPEODJHV FRUUHVSR
SUHVVXUH 7KH WHPSHUDWXUH LQFUHDVH LV GXH WR WK}
RUJDQLF ULFK OLWKRORJLHV RI WKH %HOTD *URXS 7KH P
R[\JHQ VXSSO\ YDULRXV PHFKDQLVPV KDYH EHHQ SURSRVH
IOXLG FLUFXODWLRQV E\ YROFDQLF PXGV 6KDU\VWILQ HW DC
RU VWLOO E\ LIQHRXV LQWUXVLRQV 6RPH DXWKRUV S
IRUPHG E\ HDUWKTXDNHYVY $OH[DQGHU DQG 6PHOOLH
72& K\GURJHQ LQGH[ RI ZKROH URFNV 7PD[ IRQLBAKHRW H OR
SURYH WKDW WKH RUJDQLF PDWWHU RI WKH PHWDPRU!
ODWUXN DUHD LQ FHQWUDO -RUGDQ KDYH R[LGL]JHG DQG LC
QHDUE\ WKH VWXGLHG PHWDPRUSKLF URFNV WKH S\URPH
IUDFWXUHV RU LQ DUHDV ZKLFK ZHUH H[SRVHG GXULQJ UDE
7TKH VFDWWHUHG RXWFURSV RI WKHVH PHWDPRUSKLF FRPS(
JHRJUDSKLFDOO\ DQG WHP FRWXPFPQOQ RXPLSMHEHQW URFNV |
SURFHVV ZHUH SUREDEO\ YHU\ OLPLWHG VSDWLDOO\ VXFK
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VPDOO EDVLQVY 7KH GLVWULEXWLRQ RI WKHVH URFNV LV U

WKH ELWXPLQRXV OD\HUV ZHUH LJQLWHG DQG ZKHUH R[\JH
DVVRFLDWHG IUDFWXUHYV

7KH WHPSHUDWXUHV RI WKH ILUVW DSSHDUDQFH 7PLQ IR
IDFLHY DUH SUHVHQWHG LQ WDEOH ,9 ,Q WKH PDUEOH\
UBWHWFWLYH 7PLQ RI DQG f& 6UHEURGROVNLWH KDV Et
EXW WKH SUHVHQFH RI EURZQPLOOHULWH ZKLFK KDYH D 7
WHPSHUDWXUHYVY UHVSRQVLEOH RI WKH PDUEOH IDFLHV DU
FDOEOLFDWH URFNV WKH PLQHUDOV VKRZ KLJKHU 7PLQ 1

f& WKH FKURPLWH ZLWK 7PLQ RI f& DQG WKH PHOL
PDWUL[ RI WKHVH URFNV DQG KDYH D 7PLQ RI f&
7DEOH ,9 OLQLPXP WHPSHUDWXUHV RI DSSHDUDQFH RI WKH

ODUEOHV FRQVLVW RI [HQRPRUSKLF FDUERQDWH IOXRUDSD!
VXELRPRUSKLF IOXRUDSDWHHWB FW KWK W RWKIHUBYURPHWDPF
RFFXUUHG GXULQJ KLIJKHU WHPSHUDWXUHYV IRU WKHVH
GHFDUERQDWDWLRQ DQG UHFU\WWDOOL]DWLRQ RI IOXRUDS
VXITHUHG KLJKHU WHPSHUDWXUH LQFUHDVH
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

7KH SDODHRPDJQHWLF DQRPDOLHYV LQ FHQWUDO -RUGDQ D
DUH GXH WR D PDJQHWLVP FKDQJH SURYRNHG E\ D WHPSHt
LQGXFLQJ D ORVV RI PDJQHWL]DWLRQ IROORZHG E\ D WHPF
WKH UHPDJQHWL]DWLRQ FDOOHG WKH WKHUPRUHPDQDQFH
PLQLPXP WHPSHUDWXUH UHDFKHG GXULQJ WKH S\URPHWDP

5HGR[ VHQVLWLYH HOHPHQWY HQULFKPHQW

7KH KLJK UHGR[ VHQVLWLYH HOHPHQWY FRQWHQW RI WKH\
RUJDQLF PDWWHU DQG WKH YROXPH ORVYV 7KH DYHUDJH F
KLIKHU WR WKDW WKH FDUERQDWHY 7KH SRO\PHWDOUC
LQ &KDSWHXUDQFH HW DO

5RH RQ WKH XUDQLXP PRELOL]J]DWLRQ

7KH SKRVSKDWLF PLQHUDOV RI WKH PHWDPRUSKLF IDFLHV
&KDSWHU 7KH S\ URPHWDPRUSKLVP DOORZHG WKH GHVWD
WKH PDUEOHYV 8UDQLXP LQ WKH ODWWLFH RI WKH SKRVSK]
WR IRUP PLFURPHWULF LQFOXVLRQV RI XUDQLXP R[LGHV 7
WKH UHPRELOL]DWLRQ RI XUDQLXP LV f 6WHLQ

E\ FRPEXVWLRQ IURP SURWROLWKHY SRRU LQ SKRVSKDW
ZLWKRXW XUDQLXP

S\ URPHWDPRUSKLF FRPSOH[HV QDWXUDO DQDORJXHV
SURGXFWLRQ RI &OLQNHU 3RUWODQG FHPHQWYV

5RFNV IRUPHG E\ WKH FRPEXVWLR QPRIQRUDIOER.IA PO WWVHIRE
LQGXVWULDO FHPHQWYV 7KH SULQFLSDO SURFHVV Rl IDEU
FRPEXVWLRQ RI D PL[ RI FDOFLXP FDUERQDWHY VLOLFD
DWPRVSKHULF SUHVVXUH 7KLV FDOFLQDWLRQ OHDGV WR
IRUPDWLRQ RI FDOFLXP VLOLFDWHY DQG FDOFLXP DOXPLQ!
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

PLIHG ZLWK J\SVXP DQG ZDWHU WR IRUP 3RUWODQG FHPHC
WKH -RUGDQLDQ URFNV KDYH VXIIHUHG RI WKH VLPLODU WL
VRPH VXOSKLGHVY DQG VXOIDWHYVY HWWULQJLWH

+LJK DONDOLQH IOXLG DOWHUDWLRQ RI UDGLRDFW

7KH UHFHQW ZRUNV 7HFKHU HW DO $OH[DQGHU HW D
DO .KRXU\ FRQVLGHUHG S\URPHWDPRUSKLF FRPSO
VR VWXGLHVY DERXW WKH VWRUDJH RI UDGLRDFWLYH ZDV
)25352 HWF 7KH DUHDV RI .KXVKD\P ODWUXN QRUWK HDVW
RIRUGDQ DUH NQRZQ QDWXUDO DQDORJXHV RI WKH GHJUD
7KH S\ URPHWDPRUSKLF URFNV DUH VLPLODU WR FHPHQWYV
FRQVLGHUHG IRU WKH FRQVWUXFWLRQ RI WKH VWUXFWXUH

,Q .KXVKD\P ODWUXN WUDYHUWLQHY DQG PDUEOH EUHFFLI
LOQWHUIDFH UHIOHFWLQJ WKH SDODHR IOXLG FLUFXODWLR
KLJK DONDOLQLW\ D &D VXOIDWH VDWXUDWLRQ DQG KLJ
GHFDUERQDWDWLRQ DQG GHVK\GUDWDWLRQ SURFHVVHYV

OLEHUDWLRQ RI WUDFH PHWDOV ZKLFK DUH UH LQFRSRUD\
DQG SURJUDGH SKDVHV 7KH KLJK DONDOLQH JURXQGZDYV
FHPHQWY PDUEOHV .KRXU\

&21&/86,216 $1' 287/22.6

7KH S\ URPHWDPRUSKLF IDFLHV SUHVHQW LQ VFDWWHUHG
SDODHR FRPEXVWLRQ RI WKH RBRPQRKN LW ER QIR AND W | ZGILU HI
UHVWULFWHG PDULQH HQYLURQPHQWY ORFDO EDVLQV GXI
GHSRVLWY ZHUH ORFDOO\ R[LGL]JHG GXULQJ SKDVHV Rl XS
LIQLWLRQ RI WKH RUJDQLF ULFK SURWROLWKY /LPHVWRQH
DQ LPSRUWDQW WHPSHUDWXUH LQFUHDVH XS WR f&
WHPSHUDWXUH IRUPDWLRQ RI PDUEOHV FDOF VLOLFDWH
RUJDQLF PDWWHU DOORZHG WKH GHFDUERQDWDWLRQ RI W/
ORZHU WHPSHUDWXUH FRPEXVWLRQ RI OLPHVWRQHV PDLQ
DQK\GURXVY FDUERQDWHG FDOFLXP VLOLFDWHV VSXUULWI
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SKDVHV VXFK DV HWWULQJLWH DQG EXOWIRQWHLQLWH &O
E\ KLJKHU WHPSHUDWXUH PHWDRPWHKBKEY P FIN RD IR ®LUR-HBHRHO
URFNV 7KHLU SKRVSKDWHYVY KDYH EHHQ WRWDOO\ GHFDUERF
K\GUDWHVY WREHUPRULWH DQG DOXPLQXP VLOLFDWH K\G
UHWURJUDGH SKDVH 7KH KLJKHVW WHPSHUDWXUH FRPEX\
ZKEK LV FOD\H\ DQG VLOLFHRXV OHG WR WKH IRUPDWLRC
IHOGVSDUV DQG QXPHURXV YDFXROHV RI PDJQHVLXP VLOLF

BHYHUDO DQDO\WLF PHWKRGV FDQ EH XVHG WR FRPSDUH '
WKH RWKHUV NQRZQ LQ WKH $UDELDQ 3HQLQVXOD )LVVLR(
WKH S\URPHWDPRUSKLF HYHQW DQG FRPSDUH LW ZLWK WK
LV EDVHG RQ WKH GBLYKQRKH DIDDWKLROD &1 VSOLWY DQG OHDG
DSDWLWH ODWWLFH DQG WKH OLEHUDWLRQ RI SDUWLFOH)
ILVVLRQ WUDFNV DOORZV WKH IRUPDWLRQ DJH RI WKH PLQ
GDWHG WKH PHWDPRUSKLF URENV WR “ 0D OLR
GHSRVLWLRQ Rl WKH SDUHQW VHGLPHQWDU\ URFNV W ZL
URENV Rl FHQWUDO -RUGDQ WR FRPSDUH ZLWKK®REK W KOWD KA
,VUDHOL PHWDPRUSKLF URFNV SUHVH@WDR®@ HQUQ FKMHLQW
FRUUHODWLRQ EHWZHHQ WKH WHPSHUDWXUH DQG WKH PLC
D &&2 H[FKDQJH ZKMWRQERPFKHG GXULQJ WKH R[LGDWLRQ R
WKH SDUWLDO GHFDUERQDWDWLRQ SURGXFH E\ WKH KHDW|
WKH SHWURJUDSK\ RI WKH URFNV WKH QRQ PHWDPRUSKLF
RI WKH PDULQH FDUERQDWHYV WKH & D\Y B FROSKEODDGE NV K
2 GHFUHDVH ZKLFK LQFUHDVH WRZDUG WKH VSXUULWH F
2 FRQWHQW ZKLFK LQFUHDVH FRPSDUHG ZLWK WKH PHWDF
& ZKLFK LQFUHDVH FRPSDUHG ZLWK WKH VSXUULWH IDFLH
URFNV .RORGQ\ DQG *URVV *URZWK FXUYHV DQG 3
VSHFLI\ WKH FRQGLWLRQ RI IRUPDWLRQV Rl WKH PHWDPRL
DOORZHG WR IROORZ WKH HYROXWLRQ Rl WKH SURFHVV IRL
EUHFFLDV DQG WKH WUDYHUWLQHY VKRXOG EH SHUPLW WR
FRQGLWLRQV E\ PLFURWKHUPRPHWULF DQDO\VHYV
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5()(5(1&(6

$OH[DQGHU :5 'D\DO 5 (DJOHVRQ . (LNHQEHUJ - A
OF.LQOH\ , * 7ZHHG & - $ QDWXUDO DQDORJXH RI K
WKHDTDULQ DUHD RI QRUWKHUQ -RUGDQ ,, UHVXOWV RI !

*HRFKHP ([SOR

$G[DQGHU :5 DQG 6PHOOLH -$ 7 ODTDULQ QDWXI
UHSRUW B8QSXEOLVKHG 1DJUD LQWHUQDO UHSRUW 1DJUD

$O=RXEL $ $YUDKDP = % 6WUXFWXUH RI WKH HDUW
ILHOG7GIBPWRQRSK\VLFV

%DUGH] (WXGH GHV FDUDFWpPULVWLTXHV VWUXFW X
WHUUHV UDUHV GHVWLQHYV DX FRQILQHPHQW GHV SURGXLYV
SLHUUH HW ODULH &XULH 3DULV 9, 7KqVH S

%WRUW < . *URVV 6 6RMHIO AU VKWIONLIY RP WKH pORWW
FRPSOH[ ,VUDHO $P OLQHUDO

%HQWRU < . *URVV 6 .RORGQ\ < 1HZ (YLGHQFH
7HPSHUDWXUH OLQHUDO $VVHPEODJH R'f, "&KW WDE DY O 6IHEF WF

%XUJ $ 7KH JHRORJ\ RI WKH +DWUXULP )RUPDWLR
8QLYHUVLW\ -HUXVDOHP LQ +tHEUHZ ZLWK (QJLVK DEV\
*6

%XUJ $ 6WUDULQVN\ $ %DUWRY < .RORGQ\ < *H
SORWWOHG =RQH" LQ WKH +DWUXULP %DVLQ ,VU - (DUWK
% XJU $ .RORGQ\ < I\DNKRYVN\ 9 +DWUXULP 7TKFE
IRUW\ \HDUV ODWHU ,VU - (DUWK 6FL

%WXUQKDP & : &RQWDFW PHWDPRUSKLVP RI PDIJQHVLXI

%X0 *HRO 6RF $P
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

&ODUN % + SHDFRU ' 5 S\ URPHWDPRUSKLVP DQG S
FRPEXVWLRQ PHWDPRUSKLVP PLQHUDORJLFDO WH[WXUDO
SHWURO

&RWF 0$ (VVHQH (- *HLVVPDQ -: 6LPPRQV : %
3\URPHUDPRUSKLF URFNV DVVRFLDWHG ZLWK QDWXUDOO\
‘\RPLQJ $P OLQHUDO

(OLH O THFKHU | TURWLJIJQRQ / KRXU\ + 6DODPHK
JRXUFDGH 6 &HPHQWDWLRQ RI NHURJHQH ULFK PDUC
ZHDWKHULQJ RI WKHUPDOO\ PHWDPRUSKRVHG PDUO\ VHGL
PDIJQHWLF VXVFHSWLELOLW\ DQG PHWDOV 7L &U )H DW
FHQWUDO -RUGDQ $SS *HRFKHP

'H.D\VHU : / SHDFWLYLW\ LQ WKH 6ROLG 6WDWH EHW
,99 5R\ 6ZHG $FDG 6FL RI (QJ 6FLHQFHV

JROPDQ < <XYDO = ,VUDHO DHURPDJQHWLF PDS VF
*HRSK\V QRZ,/GMRBK\VU +RORQ

JRXUFDGH 6 TURWLJIJQRQ / %RXOYDLV 3 THFKHU | (C
KRXU\ + &HPHQWDWLRQURK NHWRIHEH DONDOLQH IO0OXLG\
ZHDWKHULLQJ RI WKHUPDOO\ PHWDBWUSKRRWE FLFU G\ 2H G I
.KXVKD\P ODWUXN QDWXUD DQDORJXH FHQWUDO -RUGDQ ¢

*UDSHV 5 3\URPHWDPRUSKLVP 6SULQJHU 9HUODJ (G %HU!

*UDSHV 5 =KDQJ . 3HQJ = 3DUDODYDV DQG FOLQI
<HOORZ 5LYHU 6KDQ[L B3URYLQFH &KLQD /LWKRYV

*URVV 6 7KH PLQHUDORJ\ RI WKH +DWUXULP )RUPDW
S
*URVPDQ / 'HQWRQ 6 ( 6LPRQ 6 % JRUPDWLRQ |

HVSRUDWLRQ RI FRQGHQVDWH SUHFXUVRUV *HRFKLP &RVF

*XU ' B6WHLQLW] * .RORGQ\ < 6WUDLGUMU SDWEQDRL]
FRPEXVWLRQ PHWDPRUSKLVP 30RWWOHG =RQH" ,VUDHO &
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

+DUNHU 5 | 7KH VIQWKHVLV DBQG &2VNDELOLWRLRI 7LOO
+HLPEDFK SRVEFK + 'LH ORWWOHG =RQH LQ =HC(
-IKUEXFK

KNLQ % ( ,WNLV 6 ( SHYLVLRQ RI DHURPDJQHWLF G

RI DPOWHUHG VHGLPHQWDU\ URFNV +DWUXULP %DVLQ ,VUL
RI 6FLHQFHY *HRORJ\

.KHVLQ % )HLQVWHLQ 6 9DSQLN < ,WNLV 6 /HRQK
PHWDPRUSKRVHG VHGLPHQWDU\ RI WKH +DWUXULP IRUPDW|

.KHVLQ % JHLQVWHLQ 6 ,WNLV 6 S3RVVLEOH VR
WKHUPDOO\ PHWDPRUSKRVHG FDUERQDWH URFNV RI WKH (
(G *6%$ 5HY (QJ *HRO ,;9,,, *HRORJ\ RI &RDO )LUHV &DVH

*HRO 6RF $P %RXOGHU &RORUDGR

KRXU\ + OLOLGRZVNL $ +LJK WHPSHUDWXUH PHWD
UHWURJUDGH DOWHUDWLRQ RI VSRQWDQHRXVO\ FRPEXVWH
5RFN QWHUDFWLRQ .KDUDND ODHVW (GV 5RWHUGDP

KRXU + WK QWHUQDWLRQDO FRQIHUHQFH RI -RUGDQLI
DVRFLDWLRQYAILQWKH WEBIWLRQDO V\PSRVLXP RQ OLGGOH (D)
(QHUJ\ DQG PLQHUDO UHVRXUFHV D EDVH IRU HFRQRPLF Gt

.RORGQ\ < %DU O 6DVV ( JLVVLRQ WUDFN DJH RI \
(DUWK 30DQHW 6F /HWW

.RORGQ\ < *URVV 6 +DJHYD IRUPDWLRQ VHGLPHQW)
, VU - (DUWK 6FL

.RORGQ\ < *URVV 6 7TKHUPDO PHWDPRUSKLVP E\ F
LVRWRSLF DQG SHWURORJLFDO HYLGHQFH - *HRO

.RORGQ\ < 1DWXUDO FHPHQW IDFWRU\ $ JHRORJLFDO
&HPHQW" HGV - 6NDOQ\ 30HQXP 3UHVV 1 <
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

JLQNODWHU & 0 $OELQVVRQ < $OH[DQGHU :5 &DVDV
$ QDWXUDO DQDORJXH RI KLJK S+ FHPHQW SRUH ZDWHU IU
&RPSDULVRQ RI SUHGLFWHG DQG REVHUYHG WUDFH HOHPH
RI &RQW +\GURO

ODGHU 8 $GOHU O IDQJHU 9 'HIQDQ 3 OLORGRZVNL
KRXU\ + *ULIIDXOW / DQRG 7TURWLJIJQRQ / 7TKH ODTL
FHPHQW EXIITHUHG K\SHUDONDOLQH JURXQGZDWHU SOXPH
&LGX HGLWRU :DWHU 5RFN ,QWHUDFWLRQ 6ZHWYV =t

ODWWKHZV $ IDWKDQ < 7KH GHFDUERQDWDWLRQ R
$P OLQHUDO

ODWWKHZV % .RORGQ\ < 2[\JHQ ,VRWRSH )UDFW
OHWDPRUSKLVP 7KH ORWWOHG =RQH (YHQW (DUWK 30DQt

ODWWKHZV $ *URVV 6 SHWURORJLF HYROXWLRQ |
PMWDPRUSKLF FRPSWAHI[-R(DVWXH®F L

OHQGR]D & &DUDFWpPULVDWLRQ HW FRPSRUWHPHQW
GRSpHV WHUUHV UDUHV + $SSOLFDWLRQ DX FRPSRUWHPHQ
GHEpPFKHWY QXFOpDLK&HWH 8QLS /\RQ

3ILWW\  $ ) (G $ QDWXUDO DQDORJXH VWXG\ RI
JURXQGZDWHUV DQG WKHLU LQWHUDFWLRQ ZLWK D UHSR\
.KXVKD\P ODWUXN FHQWUDO -RUGDQ DQG ODTDULQ QRU
SHSRUW 1'$ 8. LQ SUHVV

5RQ + .RORGQ\ < SDOHRPDJQHWLF DQG URFN PI
PHWDPRUSKLF URFNV LQ ,VUDHO - *HRSK\V 5HVHDUEFK
5RVD ) ODUWLQ 5) $ VSXUULWH PHUZLQLWH DQGCGC

DVVHPEODJH ZHVW &OHDUZDWHU ODNH LPSDFW FUDWHU C
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

6KDU\JLQ 9 9 6RNRO (9 9DSQLN <H OLQHUDOV R
EURAZ®MAOHULWH VHULHV IURP FRPEXVWLRQ PHWDPRUSKLF O
,VDUHO 5XVVLDQ *HRO *HRSK\V

6RNRO9 ODNVLPRYD 1 9 1LIJPDWXOLQD (1 6KDU\JLQ
&RPEXVWLRQ OHWDPRUSKLVP 1RYRVLELUVN 5XVVLD 3XEO
RI WKH 5XV $FDG 6FL S

6RNRO (9 9RONRYD 1 , &RPEXVWLRQ PHWDPRUSKLF
IUHV ,Q * % 6WUDFKHU (G *6% 5HY (QJ *HRO ;9,,, *HRO
I[URP DURXQG WKH ZRUOG *HRO 6RF $P %RXOGHU
6RNRO (9 1RYLNRY 9DSQLN <H ©6KDJDP 5 .RIPHC

PHWDPRUSKLF DV LQGLFDWRUV RI IRVVLO PXG YROFDQLVP
ORWWOHG =RQH 'HDG 6HD ULIW DUHD %DVVLQ 5HVHDUEFK

6WLQ O %HKDYLRU RI XUDQLXP GXULQJ FDOFLQDWLRC
+HEUHZ 8QLY -HUXVDOHP

THFKHU | KRXU\ + 6DODPHK ( S5DVVLQHX[ ) &ODX
IDQFHORW - +DPHOLQ % -DFTXRW ( URSDJDWL
DUJLOODFHRXV IRUPDWLRQ &DVH VWXG\ RI WKH .KXVKD
-RUBD- *HRFKHP ([SORUDWLRQ

7TXUQHU ) - 7TKHUPRG\QDPLF $SSUDLVDO RI VWHSV |
VLOLFHRXV GRORPLWH OLPHVWRQHV ,Q -DKUEXFK I OLQHL

9FQLN <H 6KDU\JLQ 9 9 6RNRO 3PD9DOIKYDLIDVPALQ5D FRPE
PHWDPRUSKLF FRP SOOMLGDRWWORHIGGWUDFKHU (G *6$% S5HY

;9,,, *HRORJ\ RI &RDO )LUHV &DVH VWXGLHG ROR B DR RMQ G
%RXOGHU &RORUDGR
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&KDSWHU ,9 &KDUDFWHUL]DWLRQ RI WKH S\URPHWDPRL

$SSHQGL[ ,9 ODMRU DQG WUDFH HOHPHQW FRQFHQWUDWLF
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&KDSWHU 9

6XSHUXHU@HLXP PLQHUDOL]DW|
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

7KLV VHFWLRQ LV GHYRWHG WR WKH VXSHUILFLDO ZHDWI
XUDQLXP PLQHUDOL]DWLRQ LQ WKH %HOTD *URXS 0&0 L
SURFHVVHV FDXVLQJ WKH IRUPDWLRQ RI WKH XUDQLXP HQ
JRQH 7KH ZHDWKHUHG FDUERQDWH URFNV DUH QRW TXDUYV
SUHFLSLWDWH EXW FRUUHVSRQG WR SDUWO\ GHFDUERQI
UWKRVWDOOL]DWLRQ 7KH SURILOHV LQ WKH ZHDWKHUHG FD
IDPLELDQ RU $XVWUDOLDQ FDOFUHWHYV

683(5*(1( 0,1(5%$/,=$7,21 ,1 &(175%$/ -25'$1
BUHYLRXV VWXGLHV

30HLVWRFHQH XUDQRWM $ROW U IGWEH QUL WBGIHZ Q R @MW UDMG- R U G
DQG LQ 6\ULD +H[DYDOHQW XUD®ALX©2PLOHUDOMD FRQQRMW
&D 82 92 +2 ED\OBILBZH &2 +2 UDXYLWH ®D 82+
JHOOHULWH &2%P+®2 DXWXQLWH 328D 82 i = VDOHHLWH
0J 82 32 £ ®# KDYH DOVR EHHQ GHVFULEHG WR WKH 1RUW
GWHUW LQ ,VUDHO *URVV DQG ,0DQL ,ODQL DQG 6WUX
WKDWKH 6HQRQLDQ 3DODHRFHQH SKRVSKDWHG IRUPDWLRQ
7KH OHDFKLQJ RI WKHVH URFNV E\ PHWHRULF ZDWHUV ZRX
DQG LWV UHFRQFHQWUDWLRQ E\ HYDSRWUDQVSLUDWLRQ L¢
GHSRVLWV

IRFDOLVDWLRQ

7K XUDQLXP PLQHUDOL]DWLRQ LQ FHQWKBOPL:RUGDQ LHDWH
SUHUHQWLDOO\ ORFDWHG RQ WKH ORZHU WRSRJUDSKLFDO
ZKLFK IRUP WRSRJUDSKLF KLJKV EHFDXVH RI WKHLU EHWW
PQHUDOL]JHG URFNV KDYH EHHQ VHOHFWHG )LJ 9 JRXU \
FRPH IURP WKH 15$ 1DWXUDO 5HVRXUFHV $XWKRULW\ WU
WKLV JRYHUQPHQW DJHQF\ DQG $5(9% &RPSDQ\ 7KUHH V
FROOHFWHG LQ WKH 7 WUHQFK )LJ 9 DQG WKUHH VDPS
WKH 7 WUHQFK )LJ 9 ERWK DORQJ YHUWLFDO SURILOH\

156



&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

JLIXUH 9 *HRORJLFDO PDS RI WKH VWXG\ DUHD DQG ORFDWL
PHWDPRUSKLF IDFLHV

JLIXUH JUHQFK 7 P Z G )JLIXUH JUHQFK 7 P Z G
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

0,1(5%$/,=("1,7+2/2*,&%/ 81,76
SHWURJUDSK\

7KH OLWKRORJLFDO XQLWV KRVWLQJ WKH PLQHUDOL]DWLF
JUDLQHG OLPAHWNRQHYH)LDUH KLJKO\ SRURXV DQG SHUPHDI
VRQWVY Rl WKHVH URFNV GRHV QRW SHUPLW HDV\ SUHSDU
UHSUHVHQWHG E\ DOWHUHG FRUURGHG FDOFLWH LUUHJXO
DQG VRPH DOWHUHG SKRVSKDWHYVY DVVRFLDWHG ZLWK FC
SKRVSKDWHV FDUERQDWH IOXRUDSDWLWH RFFXU DV DJJL
IHDWXUHVY VRPHWLPHV VXUURXQGHG E\ FOD\ PLQHUDOV )]
FU\WWVWDOOL]J]HG LQ WKH SRURVLW\ RI WKH URFN FDOFLWH
WAX\DPXQLWH DQG VWUHONLQLWH DQGL¥RPR KI\SIVXR
DVVRFLDWHG ZLWK WKH VHFRQGDU\ FDOFLWH FU\WVWDOV RL
FU\WVWDOV $OVR ILEURXV IOXRULWH LV ILQHO\ DVVRFLDW
VWUHONLQLWH W\SH ZILV.K IVRIPN WAUDKHURX WKDQ\D YDQDGDW
RU W\X\DPXQLWH ZLWK VRPH 1D WUDFHV RFFXU DV LQG]I
FLUFXODU PDVVHV LQ WKH SRURVLW\ )LJ 9 O P Q 1HZC
LGLRPRUSKLF FU\WVWDOV RI 1D VXOIDWR SKRVSKDWHV IRUP
DJUHJDWH RI SULVPDWLF FU\WWDOV DVVRFLDWHG ZLWK X
DJJUHIJDWHV FRQWDLQ FODVWV RI LOPHQLWH UXWLOH TX|
LOPHQLM/HR[JHGHVY RFFXU LQ DVVRFLDWLRQ ZLWK FOD\ PLQH
PLFURJUDLQV DJJUHJDWHV )LJ 9 T $OVR WKLV SKDVH
GVHPLQDWHG LQ FOD\ PLQHUDOV

; UD\ GLIIUDFWLRQ DQDO\WHV KDYH VKRZQ WKH SUHVHQFL}

HWWULQJLWHSD-G\JRUVNLWH 0J $O0 6L 2 2+ 0 +
PDJQHVLDQ FOD\ NDROLQLWH LOOLWH FKORULWH GR
FOERQDWH DQWLJRULWH FKU\VRWLOH 0J VLOLFDWH DOE
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

J)LIXUH 9DFURVFRSLF DQG PLFURVFRSLF YLPBoDW RE MKIHNVAHI
&)$ FDUERQBRWBEISDWLWH &/ FOD\ RBLBQHDRO MKRE/ SIKKD\WHY
WA\X\DPXQLWH 6WUO VWUHONLQLWH
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

*HRFKHPLVWU\
ODMRU DQG WUDFH HOHPHQWYV
:KROH URFN HOHPHQW DQDO\VHYVY DUH JLYHQ LQ DSSHQGL]J[ 9

7KH WHUQDU\ GLDJUDPV LQ ILIJXUH 9 VKRZ WKH FKHPLF
OLPHVWRQHY DQG WKH HYROXWLRQ RI WKHLU FRPSRVLWL!

FDUERQDWH &D &2 ZW LV WKH PDLQ FRQVWLWXI
ZKEK DUH ORFDWHG QHDU WKH FDOFLWH HQG PHPEHU LQ W
DXOPLQD $0 2 ZW UHIOHFWV WKH SUHVHQFH RI VPI

LOOLWH “ SDO\JRUVNLWH FRQILUPHG E\ WKHLU KLJK VLOLF
DOVR SUHVHQW LQ RWKHU SKDVHV VXFK DV UDUH VLOLFI
FRQFHQWUDWLRQV DUH ORZ DQG YDWIWHIEODH) WR 3WXRVH
OLPHVWRQHYVY DQG VRPHV RI WKH PDUEOHV EXW ORZHU WK

ZKLFK FDQ KDYH XS 2WR'KH KEW ,QJQLWLRQ /RVYV /12,
GXH WR WKH SUHVHQFH RI &D FDUERQDWHY WKH RUJDOQLI
OLPHVWRQHYV &RUJ ZW 6 XOSKXU 6 ZW D

ZW DUH UHVSHFWLYHO\ KRVWHG E\ WKH VXOIDWR SKRVSK
IOXRULWH FU\VWDOYV

7KH ZHDWKHUHG OLPHVWRQHV DUH VWLOO VLJQLILEFDQWO
&U SSP  &X & X sSSP 1L 1L SSP 8 8
9 SSP DQG =Q =Q SSP $00 WKHVH FRQFHQWU
RI WKH OLPHVWRQHV H[FHSW IRU &U
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

YLIXUH 8HQHUD G WHW@BY\DIQY® PV VKRZLQJ WKH HYROXWLR QR E\RDPVS
-5 DRG W RBRWRVR P 6HISSHQGL[ 9 IRU VD§SS S BWSWHK YV
&)$ FDUEIRXRWBSDWLWH ,00 LOOLWH O0OQW PRQWPRULOORQLW

5DUH HDUWK HOHPHQWYV

7KH DYHUDJH QRQ DOWHUHG OLPHVWRQH QRUPDOL]HG 5((

WRZ GLITHUHQW W\SHV RI SDWWHUQV )LJ 9 $00 WKH Z
FRQWHQWYVY WKDQ WKH DYHUDJH RI WKH QRQ DOWHUHG IDF
WQHK SUHVHQW WKH WBHPUWHV 8 DIW WVHW IOR @ DWVK R Q D/D1 <E]
VLIQLILFDQW FHULXP DQRPDO\ &H &H GHVSLWH W

QRQ ZHDWKHUHG OLPHVWRQH 7KLV PHDQV WKDW WKHVH V]I
WKH KHDYLHVW 5(( GXULQJ WKH DOWHUDWLRQ ZLWK DQ HQ
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

7KH VDRBBM\NKH WZR WUHQFKHV VKRZ RSSRVLWH EHKDYLR!
VDPSOHV SUHVHQW QRQ IUDFWLRQDWHG SDWWHUQV UHOD
VDPH 5(( IUDFWLRQDWLRQ WKDW LV VHHQ LQ WKH QRQ DOW
SURILBUHVHQWY WKH KLJKHVW JOREDO 5(( HQULFKPHQW
OLPHVWRQH DQG -5 DW WKH EDVH VKRZV WKH ORZHV
WKH SDWWHUQV DUH P RUHUMHUPWHL RIQDAWH.®R QMVELBQH VVEH'QW |
WKH SURILOH WYWBYHFRRMWHREZHH[FHSW IRU FHULXP ZKLFK

SRVLWLYH DQRPDO\ &H &H DQG SUHVHQW D QRUPD
-5' DW WKH EDVH RI WKH SURILOH VKRZV D UHYHUVH I
QHIJDWLYH FHULXP DQRPDO\ &H &H -5' LQ LQWH

SDWWHUQ VLPLODU WR WKDW WKH EDVDO ZHDWKHUHG OLF
DQRPDO\ RI DQG /D1 <E1 RI

JLIXUH®OYHUQRW DOWHUHGROPPDHMMRQMEHFWUD RI WKF
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

(YRXWLRQ DORQJ WKH WUHQFK SURILOHV 7 -5'

7KH GLDJUDPW LDQGJIXKRZ WKH HYROXWLRQ RI WKH PDMR!
DFURVV WKH SURILOH 7 7K¥E GBHFUMDVHD R G FEBOAEL X P

ZW FRWHQWYV IURP WKH ERWWRP WR WKH WRS Rl WKH WUH
RI WKH FDUERQDWHV +LJKHU VXOSKXU FRQWHQWV -5
J\SVXP DV REVHUYHG LQ -5' WRS Rl WKH WUHRFFK DC
LQWHUPHGLDWH GHSWK LGRPRUFRIFWINRQLGBPRUBXEF VHI
FU\WWDOV 3KRVAKDXMHY DQG IORARUKBQH ZW DUH HQULFKH:
WRZDUG WKH VXUIDFH )OXRULWH DQG FDUERQDWH IOXRUD
7KH XSZDUG LQFUHDWH LA DDWPL@ING XLOLFDN UHIOHFWYV
WKH HQULFKPHQW LQ FOD\ PLQHUDOV 8UDQLXP s
XSZDUG LQFUHDVH RI WKHLU FRQFHQWUDWLRQV LQGLFDW
YDQDGDWHYVY DW WKH WRS Rl WKH WUHQFK LQ DVVRFLDWLR(
WRR EXW ZH KDYH QR VSHFLILF PLQHUDO SKDVHV LOOXVWU
DVVRFLDWHG ZLWK FOD\ PCPHNUIDGDW S RK N LYEIDY LUDW DRIGW YV R U
WKH SURWROLWKYV

$V VKRZQ LQ WKH SUHYLRXV VHFWLRQ WKH 5(( FRQFHQWL
SURILOH DQG GHFUHDVH WRZDUG WKH EDVH RI WKH SURILO

$FURVV WKH 7 SURIROH FPIOFAXPDQGG DOXPLQD FRQFHQW
FRQVWDQW 6LOLFD LQFUHDVHV ZW WRZDUG WKH V
I ZW 32 DQG WKH IOXRULQH L ZW )
LPSRUWDQW GHFUHDVM RQWRQPHGQWMM IGRHE WMKRWR WKH Wi
WUHQFK SURILOH £AXEDQBSP DQG YDQDELXP SSP
FRQFHQWUDWLRQV GHFUHDVH IURP WKH EDVH WR WKH W
YDQDGDWHY DQG &X &U OR 1L 5(( DW WKH EDVH RI WK
FRQFHQWUDWHG WR WKH WRS RI WKH SURILOH DV EDULWH
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

JLIXUH 3URILOH RI JHRFKHPLFDO HYROXWLRQ IRU

JLIXUH 3URILOH RI JHRFKHPLFDO HYROXWLRQ IRU
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

0,1(5$/,=$7,21 2) 7+( 683(5*(1( /,0(6721(6
3HWURJUDSK\

7KH XUDQLXP PLQHUDOV KDYH D YDULDEOH FRPSRVL)
&D 829 2 % 2 DQRG WKH VWWBRON2ZQLWH HO®@G PHPEHUV
)LJ 9 ZLWK VRPH WUDFHV RI D FZUWQRWLMNHI HRNERQ W/GIWR
DV VSOLQWHUV RU ILEURXY DJJUHJDWHYV ILQHO\ DVVRFLDW
ILEURXYV DJJUHJDWHV DVVRFLDWHG ZLWK WKH FOD\ PLQHI
SRURVLW\ RI WKH ZHDWKHUHG OLPHVWRQHYV ,Q WKH WUHQ
WKH KLJKHU 8 FRQWHQW SUHVHQW XQGHU WKH ERWK IRUP
-5' KDV WKME KHREWHQW RFFXUULQJ DV W\X\DPXQLWH
VKRZV WKDW WKH PLQHUDOL]DWLRQ RI WKH ZHDWKHUHG
VXOIDWR SKRVSKDWHYVY KDWMKH EDRVSNWHFRRF SIRAVHWLLERI W
RQO\ VWUHONLQLWH DVVRFLDWHG ZLWK IOXRULWH 7KHVH
VWUHONLQLWH FU\WWDOOL]DWLRQ DQG IOXRULWH ZKLFK U
WAX\DPXQLWH IRUPDWLRQ 7KH W\X\DPXQLWH KDG LQFRUS
IOXRULWH IRUPDWLRQ

S8UDQLXP 8ZW DQG YDQDGLXP 9 Z VD FRQ
SRWLYH FRUUHODWLRQ )LJ 9 7KH XUDQ\O YDQDGDWHYV
SXUH SROHYV 9 zZW 8 ZW 8UDQ\O YD

FOFUHWH GHSRVLWY DUH FORVH WR WKH SRWDVVLXP R[LG
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

J)LIXUH .92 &D2D GLDJUDP J)LIXUH 989 GLDJUDP

J)LIXUH 9.2 &D2D GLDJERPSDULVRQ ZLWK WKH FDOFL

8 DQG 5(( FRQWHQW

8UDQ\O YDQDGDWHY KDYH &HidQVRQE®DWHWEPE BDREWEIH WV 7k
ZKROH URFNV QRUPDOL]JHG SDWWHUQV RI XUDQ\O YDQDGD)
WKHLU ZHDWKHUHG KRVWV 7KH 5(( SDWWHUQV RI WKH XUD

LQ KHDY\ 5(( /ID1 <E1 DQG DUH SRRUHU LQ OLJK
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

WKH XUDQ\O YDQDGDWHY SUHVHQW D SRVLWLYH FHULXP D
5(( FRQWHQW DUH REVHUYHGUIRWWHKH XKD\V RQMHW G DG B WW R
5(( PD[LPXP SSP DQG 5(( PD[LPXP SSP TKHV
KDYH D VOLJKWO\ KLJKHU 5(( FRQWHQWYV EXW PRVWO\ KLJ
DQG SSP 8

JLIXUH 99 KROH URFNV QRUPDOL]DWLRQ SDWWHUQV RI WKI

92/80( /266 0$66 %S$/$1&(

7KH LVRFRQ GLDJUDP LV D VLPSOH JUDSKLFDO VROXWLRQ
E\ *UDQW 7KLV PHWKRG SHUPLWV WR HVWLPDWH \
FRQFHQWUDWLRQ LQ PDVV,W WRQWD H B4R, 76 OHRTZAV/D YW\ RAQR &R Q
WKH GLDJUDP E\ SORWWLQJ DQ DOWHUHG FRPSRVLWLRQ &
UHSUHVHQWY WKH FRQFHQWUDWLRQ ZW RU SSP L WKH
URFN 0 RDWVWRQFHQWUDWLRQ FKDQJH RI WKH HOHPHQW L

SURFHVV GHILQH WKH LVRFRQ ZKLFK LV D VWUDLJKW OL
YDULDWLRQ JDLQ RU ORVV FRUUHVSRQGV WR WKH GLIIF
&R &D DQG WKH LVRFRQH ,VRFRQ GLDJUDPV SHUPLW
DORQJ WKH DOWHUDWLRQ SURILOH Rl WKH WZR VDPSOHG W
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

DGHTXDWH SURWROLWK DOORZHG WR VHOHEFW WZRKUHIHUH
7 DQG WKH OLPHVWRQH -5° IRU WKH WUHQFK 7  7KH
LRFRQV RUHLRPOK DQG 7D

7UHQFK 7  -5°

7KH GLITHUHQW LVRFRQ GLDJUDPV LQ ILIJXUH 9 VKRZ WKH
SURILOH XS WR P RI GHSWK 7KH VDPSOHV FROOHFWHG
FRQVLVWHQW ZLWK WKHPVHOYHV DORQJ WKH SURILOH DQ!
SURILOH SUHVHQWY D FRQVWDQW YROXPH IRU WKH EDVDC
LQWHUPHGLDWH DQG WKH XSSHU KRUL]JRQV -5 ZKLFF
FRUUHVSRQGLQJ WR WKH GLVVROXWLRQ RI WKH FDUERQDW
DQG &U 8 < DQG 5(( bUH PRUH HQULFKHG DW WKH WRS R
PRELOH QRW IUDFWLRQDWHG DQG VWD\ DORQJ WKH LVRFI
9
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

JLIXUH 9,VRFRQV RI WKH WUHQFK 7

7UHQFK 7  -5°

7KH LVRFRQ GLDJUDPV LQ ILIJXUH 9 VKRZ WKH HYROXWLF
SURILOHV XS WR P RI GHSWK ,Q FRQWUDVW ZLWK WKH WL
RI WKH LPPRELOH HOHPHQWY EHWZHHQ WKHPVHOYKYV LQGL
FRPSRVLWLRQ DORQJ WKH SURILOH 7KH QRUPDOL]JDWLRQ
FRPSOH[H UHVXOWYV IRU WKH PDVV EDODQFH HVWLPDWLR
LPPRELOH HOHPHQW WKH ORVRUYBRO®PWKIHY KIRERXRQV RI W
UHGR[ VHQVLWLYH HOHPHQWYV &U &X 1L OR =Q 9 < 8D
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

KRUL]IRQ WR WKH UHYHUVH RI WKH SUHFHGLQJ SURILOH $

SURILOH H[FHSW &H DQG WKLV LQFUHDVH LV KLJKHU IRU W
SUHVHQWY IORUHQFLWH FU\VWDZAKWL FE(PDDOXPLQAWPIBR

OHDFKLQJ RI WKH 5(( ITURP WKH WRS RI WKH SURILOH

JLIXUH 9, VRFRQV RI WKH WUHQFK 7

7R VXPPDUL]H WKHVH WZR WUHQFKHV VKRZ RSSRVLWH EH
IOGEGLUFXODWLRQ W\SHV 7KH WUHQFK 7 SUHVHQWV D ORV
HOHPHQWY DQG 5(( WRZDUG WKH VXUIDFH 7KLV SKHQRPHQ
DVFHQVLRQ RI WKH VROXWLRQ DQG E\ HYDSRUDWLRQ DV
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

PHFKDQLVPT" *RXGLH ,Q WUHQFK 7 WKH HOHPHQW
OHDFKLQJ IURP WKH XSSHU KRUL]J]RQV WR HQULFK WKH ORZ
7TKH GLDJUDPV LQ ILIJXUH 9 LOOXVWUDWH WKHVH WZR R
LOQWHUHVWLQJ WR KDYH KDG WKH SRVVLELOLW\ WR VWXG\ |
W\SH RI SURILOH RU LI WKH\ UHSUHVHQW GLIITHUHQW OHYHC

J)LIXUH 99 8 OR *G ([DPSOH RI WKH FRPSRVLWLRQDO HYROXWLR
7 DQG 7
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

)250$7,21 352&(66 2) 7+( 683(5*(1( 0,1(5%$/,=$7,21
2ULJLQ RI WKH XUDQLXP PLQHUDOL]DWLRQ
B8UDQLXP VRXUFH
BHYHUDO XUDQLXP VRXUFHV KDYH EHHQ LGHQWLILHG LQ Wk

L 7KH ODUJHVW DPRXQW RI XUDQLXP LV DVVRFLDWHG ZL
YDULDEOH FRQFHQWUDWLRQ LQ PRVW RI WKH OLWKRORJL
ODWWLFH RI WKH ELRJHQLF FDUERQDWH IOXRUDSDWLWHYV

RFHDQ E\ PDULQH RUJDQLVPV WR EH GHFRPSRVHG DW WKH
3KRVSKRJHQHVLYV ZDV SURPRWHG E\ WKH JUHDW XSZHOOL
1HR 7THWK\V 2FHDQ GXULQJ WKH /DWH &UHWDFHRXV &KDSW
XUX®LIURP DSDWLWH QHHGYVY WKH DOWHUDWLRQ RI WKH D
VHYHUDO SURFHVVHYV

LL 8 ZzDV DOVR IRUPHG DV 8 R[LGHVY DGVRUEHG RQ WKH F
EODFN VKDOHV GHSRVLWHG LQ UHVWULFWHG DQR[LF EDVLC
LV HDVLO\ OHDFKDEOH EHFDXVH LW LV PRVWO\ KRVWHG D
WKHVH URFNV ZKLFK PD\ KDYH EHHQ H[SRVHG LQ WKH 6LZD"

LLL 7KH S\URPHWDPRUSKLVP LQGXFHG E\ WKH FRPEXVW
GHFDUERQDWDWLRQ RI WKH URFNV DQG WR WKH GHVWDEL
OLEHUDWLRQ RI 8 ITURP WKH DSDWLWH DMEUJXRWWKH |RKIPV
PLFURPHWULF XUDQLXP R[LGHV FU\VWDOV ZKLFK UHSUHVH!
VXUILFLDO GHSRVLWYV

LY HDWKHULQWIODRPWYWHVIBRP WKH GLIITHUHQW OLWKRO
WKH &KD/IKWMHWXSHUJHQH DOWHUDWLRQ RI WKH FDUERQDWH
8 R[LGL]JHG LQ 8 ZLWK WKH QHZ IRUPDWLRQ RI 1D VXOILC

I9DQDGLXP VRXUFH

6KODHVY XS WR SSP 9 DQG PHWDPRUSKLF URFNV XS W]
YDQDGLXP EXW WKH FDUERQDWHV PD\ KDYH DOVR XS WF
DVVRFLDWHG ZLWK RUJDQLF PDWWHDQ3 FROQGEHH SBUHRBERQRO

LOWKH SKRVSKDWHYV 7KH PDUEOHV VKRZ D SRVLWLYH FRUU|
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

WKLV HOHPHQW LV SUREDEO\ DW OHDVW SDUWO\ FDUULHG
&DUERQDWH IOXRUDSDWLWH Rl WKH PDUEOHV FRQWDLQ EH
HOHFWURQ PLFURSUREH DQDO\WHY +RZHYHU QR YDQDGLX
DQG QR YDQDGLIHURXV SKDVWHIBRYNHHMHQEH QWK H HD® W & U
FD@H D VRXUFH Rl YDQDGLXP DQG XUDQLXP +RZHYHU WK
WKH ELWXPLQRXV OD\VHUV ZKHUH YDQDGLXP OLNH XUDQLX
RUJDQLF PDWWHU

JLIXUH 9932 GLDJODPEOHY SUHVHQW D FRHIIL RZILMEKR ¥R
ZLWK WKH KLJKHU 9 FRQWHQW

BUDQLXP DQG YDQDGLXP WUDQVSRUW DQG GHSRVLWLR(

$VWKRZQ LQ &KDSWHUYV DQG XUDQLXP LV LQLWLDOO\ G
IOXRUDSDWLWHY RI WKH ODDVWOLFPKWWRQ B QRD HARK-HH QdH G K
E\ WKH RUJDQLF PDWWHU DQG FOD\ PLQHUDOV RI WKH V
VXSHUJHQH DOWHUDWLRQ DOORZHG KLV OLEHUDWLRQ IURP
PLFURPHWULF LQFOXVLRQV RI XUDQLXP R[LGHV 7KHQ
WRSRJUDSKLFDOO\ KLJKHU PDUEOHY KDYH EHHQ OHDFKHG |
WKH SRURXV XQLWYV
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

7KH VSHFLDWLRQ RI 8 DQG 9 GHSHQR®V W K N MBIX RIIOE&SD WKR Q
QDWXUH RI WKH DYDLODEOH OLJDQGV 7R XQGHUVWDQG \
YDQDGDWHYVY LW LV QHFHVVDU\ WR NQRZ WKH VSHFLDWLRQ
IOXL®BY DOWMYLGDWLRQ VWDWH

,Q WKH FDVH RI WKH VXUILFLDO PLQHUDOL]DWLRQ RI WK
IROORZLQJ

IRZ WHPSHUDWXUH PHWHRULF ZDWHU

,QLWLDOO\ LQ HTXLOLEULXP ZLWK WKH R[\JHQ RI WKH DV
ZLWK UHGR[ FRQGLWLRQVY DERYH WKHVKHPDWLWH PDJQHWL

,Q WKHVH FRQGLWLRQV XUDQLXP RFFXUM DD WKH KH[DYD

&DUERQ GLR[LGH IURP WKH DWPRVSKHUH ZDV GLVVROYHG
| R&J2
,Q WKH 6LZDTD DUHD PHWHRULF IOXLGV KDYH OHDFKHG Wt
ZDV DYDLODEOH DQG HVSHFLDOO\ WKH PDUEOH ZKLFK FR
9 E VKRZ WKDW WKH SKRVSKDWH EHDULQJ BRFDXVMDR IL VKl
32 &2 ) &0 LRQV PD\ KDYH DFWHG |BX W RCPCS® M{K B Y HVE & L8
FRPSOH[ WKH XUDQ\O LRQV LQ WKH VDPH S+ FRQGLWLRQV

J)LIXUH 93DUDPHWHUV RQ 8 VROXELOLW\ D )XLOG VRXlI
6NLUURZ HW DO
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

,Q R[LGL]LQJ IOXLGY DQG ORZ WHPSHUDWXUHV WKH QDWX
IOXLG S9 )LXUDQ\O VX%QIDRMHDBRLGLF FRQGLWLRQV XUDQ\
+32 IRU QHDU QHXWUDO S+&2D QI® F DORNP@RLWYHVI BZLGV

JLIXH 9 /RJ IR+ GLDJUDPV 'LDJUDPV VKRZ GRPLQDQW
DWPRVSKHULF FRQGLWLRQVW2 '®Q2KMHEGO-+RHDMRDVUN BIBJ @
SRVLWLREXRHUYN %DVWUDNRY HW DO

7KH VSHFLDWLRQ RI YBOBEQC PIVR Rl WKH R[LGDWLRQ V
IOXLG )RU DPRWIBRHG IOXLG YDQDGH® WXODDWEW 26 GR
DFLGLF S+ K\GUR[\D+YBOR®MDMWBORQW LV WRKD BRE UQDQWF
DONDOLQHOR+ LD BGRRPLQDQW VSHFLURY FRU MERWHUPHGLDWH

JLIXUH 9RJ 2 S+ GLDJUKHPGLDJUDPV VKRZ GRPLQDQW DT

'DVKHG OLQHV PDUNHG 0Q W QDRJDBLWHPBWRZ WKH ¢
% DVWHUHDINRGY
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

7KH PHWHRULF ZDWHUV ZHUH VOLJKWO\ DFLGLF TKHHTXLC
VXOILGHVY R[LGDWLRQ RI WKH PHWDPRUSKRVHG FDUERQDW
DOORZHG WKH SURGXFWLRQ RI VXOIXULF DFLG DQG WKH G
XUDQLXP R[LGHVY OLEHUDWHG IURP WKH SKRVSKDWHYV 7KH’
S+ E\ UHDFWLRQ ZLWK WKH PHWDPRUSKLF URFNV RI FOLQN
DO JRXUFDGH HW DO +HO DY DEOW QDVO XUDQLXP VR
FRQVLGHUDEO\ LQFUHDVHG LQ KLJKO\ DONDOLQH ZDWHUYV
SHUPLWWHG WKH OLEHUDWLRQ RI XUDQLXP IURP WKH DSC
GVMROXWLRQ RI XUDQLXP LQ VXUILFLDO ZDWHU IRU LWV WUI

,Q WKHVH DONDOLQH FRQGLWLRQV WKH PRVW SUREDEOH
SKRVSKDWHV DQG RU FDUERQDWHY ZKHUHDV WKH YDQDC(
K\GUR[\O %XW WKH WUDQVSRUW RI WKHVH SKDVHV ZDV V
SUHVHQFH RI WKH 9 OHG WR WKH SUHFLSLWDWLRQ RI XU
VSHFLHV RI KH[DYDOHQW XUDQLXP

,Q WKH DULG FRQGLWLRQV SUHYDLOOLQJ LQ WKH 6LZDTD D
LQFUHDVH RI WKH FROQFHQWUDWLRQ RI WKH GLVVROYHG \
FU\WVWDOOL]DWLRQ RI WKH XUDQ\O YDQDGLXP LQ VXEVXUIDI

8UDQ\O YDQDGDWHY EHLQJ WKH OHVV VROXEOH KHYDOHQW
/IDQJPXLU ZLOO EH WKH ILUVW WR SUHFLSLWDWH %X
QHD QHXWUDO S+ FRQGLWLRQV +HQFH WKH KLJKO\ DO
S\URPHWDPRUSKLF KDYH WR KDYH VXIIHUHG D GHFUHDVH R
ZHDWKHUHG OLPHVWRQHV PD\ KDYH DOORZHG WKH GHFUH
SUHFLSLWDWLRQ LQ WKLV WUDS

$IWHU /DQJPXLU WKH VROXELOLW\ RI WA\X\DPXQLWH L\
D PLQLPXP VROXELOLW\ DW S+ % XWIDWHU fI&INXRDID HW DC
WAX\DPXQLWH KDV D ORZHU YBBOXELOLW\ WKDQ FDUQRWLWH
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

JLIXUH 9&DRMPLWH D QG WW\X \®IPDXIULDNPN f& [/DQJPX

JLIXUH 9&DUQRWLWH DQG 7\ X\DPXQILWHPVROREKQDWD

7KH FRPSOH[ ZLWK WKH ORZHVW VROXELOLW\ ZLOO EH WKH
D KLJK . DFWLYLW\ FDUQRWLWH FDQ SUHFLSLWDWH %XW
DEVHQFH RI VLOLFRFODVWLF URFNVY DQG WKH SUHGRPLQDQ
ORZ . DFWLYLW\ DQG D KLJK &D DFWLYHWGVHKK SWKH LOXWG W
FDUQRWLWH EXW IDYRXUHG WKH FU\VWDOOL]DWLRQ RI W\X

YHVLGH W\X\DPXQLWH 1IWKHUHDROPIDVQRGDRHVLIDVXVUIBOGNRL Q|
SKRVSKDWHYVY UHTXLUH WKH DYDLODELOLW\ RI VRGLXP LQ
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

HIWUHPHO\ SRRU LQ VRGLXP WKLV HOHPHQW PRVW SURETL
JHQHUDWHG E\ HYDSRUDWLRQ SURFHVVHV LQ DULG FOLPDV
SKRVSKDWHYVY FDQ EH HDVLO\ IRXQG LQ WKH VXOILGHV IURP
VXOIDWHV ZKLFK DUH GHULYHG IURP WKHLU R[LGDWLRQ LGC
&3O62 2+ +2 DQG KDVKHPLWRU %DRPU WKH R[LGDWLR
VXOILGHYVY LQ VXUILFLDO FRQGLWLRQV )XUWKHUPRUH WKH
WRVKH OLEHUDWLRQ RI IOXRULQH ZKLFK FU\WWDOOL]HV DV
DYDLODEOH LQ WKH FDUERQDW HGR®RVWZKRFIN V¥ R)LAX¥R GIHV HZ
PLQLPXP S+ IRU WKH IRUPDWLRQ RI WKH XUDQ\O YDQDGDW
WKH XUDQ\O YDQDGDWHYV LQGLFDWLQJ WKDW WKH FKHPLF
WKHVH WZR PLQHUDOV DUH SUREDEO\ VIQFKURQRXYV

$OWHUDWLRQ DQG PLQHUDOL]DWLRQ RI WKH ZHDWKHUHG
UHDFWLRQ

SBUDQLIHURXY RPWHRUHW\X)PPXQLWH IOXRULWH

$WHUDWLRQ PLQHUDOL]DWLRQ DQG 1D VXOIDWR SKRVSKD
UHVSHFW ZLWK WKH IROORZLQJ UHDFWLRQ

SBUDQLIMWBRXY 1D 6 < 1D VXOIDWR SKRVSKDWH VWUH

&03$5,621 2) 7+( -25'$1,$1 0,1(5%$/,=$7,21 :, 7+ T7+(
85$1,)(5286 &$/&5(7(6 2) 1$0,%,$ $1' $8675%$/,%

7KH WZR PDLQ FDOFUHWH GHSRVLWY LQ WKH ZRUOG <HH!
I1DPLELD VKDUH VRPH VLPLODULWLHV ZLWK WKH VXUILF
-RUGDQ EXW DOVR SUHVHQW FRQVLGHUDEOH GLIITHUHQFHYV

L ,Q WKH PDMRU FDOFUHWH GHSRVLWYVY WKH PDLQ KRVW
VLOLFRFODVWLF URFENV PDLQO\ GHULYLQJ IURP WKH HUR
K\GURO\VLV RI IHOGVSDUV ZKLFK DUH PRVWO\ SUHVHUYHG

LL 7KH FDUERQDWHV RFFXU DV FRQFUHWLRQ LQ WKH
HYDSRWUDQVSLUDWLRQ SURFHVVHYV
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

LLL 7KH XUDQLXP PLQHUDOV DUH PDLQO\ FDUQRWLWH

WAX\DPXQLWH DQV VWUHONLQLWH UHIOHFWLQJ WKH DEVH:
SRWDVVLXP QHFHVVDU\ WR FU\VWDOOL]H FDUQRWLWH DQG
SUHGRPLQDWLQJ LQ WKH %HOTD *URXS SURYLGLQJ WKH FD

LY 7KH XUDQLXP DQG YDQDGLXP VRXUFH URFNV DUH FDL
SKRVSKDWHY DQG WKHLU S\URPHWDPRUSKLF HTXLYDOHQW
ZKHUHDV WKH VRXUFH RI 8 IRU WKH FODVVLFDO FDOFUHWH
HIDPSOH WKH JUDQLWRLGV RI WKH <LOJDUQ EORFN LQ <HF
DUH WKH 9 VRXUFH %XWW HW DO

Y 7KH FDUERQDWHYV LQ FODVVLFDO FDOFUHWHV DUH SL
SURFHVVHV ZKHUHDV LQ WKH 6LZDTD DUHD WKH FDUERQDV

YL ,Q WKH 6LZDTD DUHD WKH FDUERQDWHV WHQG WR EH
ZKROH URFNV ZKHUHDV LQ WKH FDOFUHWHY FDUERQDWHYV
WKH SRURVLW\ Rl WKH VLOLFLFODVWLF URFN &DUOLVOH
RQH DXWKLJHQLF GHSRVLW U BDOXDQAWHDR H W IS0 ADXWER & X 2
ZLWK FRQVWDQW QG RHYRSEWDNLYH FRQFHQWUDWLRQ DOR
WKH HQFRXQWHU EHWZHHQ &D 0J FDUERQDWH ZDWHUV DQ
HYDSRUDWLYH JRQH

YLL ,Q WKH FODVVLFDO FDOFUHWHYV XUDQLXP LV WUDQYV
ODUJH GLVWDQFH DQG WKHVH ZDWHUV PL[ VRPHZKHUH ZI
SUHFLSLWDWLRQ RI XUDQ\O YDQDGDWHV ,Q FRQWUDVW L
YDQDGLXP RFEXU LQ WKH VDPH OLWKRORJLHYV DQG FRQVHTX
LV GRPLQDQWO\ IRXQG DW WKH IRRW Rl WKH PDUEOH ULG
XUDQLXP DQG YDQDGLXP

7KH 5(( FRQWHQWY RI FDUQRWLWHV RI GLIIHUHQW GHSRVL
<HOHHULH %HYHUOH\ KDYH EHHQ DPIWWHUGVERISVKE3 BEDQ
IURPDOFUHWH W\SH PLQHUDOL]DWLRQV WHQG WR EH OHVV
SUH\DO@EHU FRQWHQW LQ KHDY\ 5(( WKDQ WKH XUDQ\O YDC
IURP WKH 6LZDTD DUHD LQ FHQWUDO -RUGDQ /D1 <E1
SRVLWLYH FHULXP DQRPDO\ )LJ 9
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

J)LIXUH 93$$®RUPDOL]DWLRQ OF/HQQDQ
XUDQLIHURXV PLQHUDOL]DWLRQV RI FH(

*[2%$/ %8'*(7 2) 85$80 0,1(5%/,=$7,21

7R HYDOXDWH WKH DPRXQW RI XUDQLXP SRVVLEO\ LQYRO
XUDQLXP PLQHUDOL]DWLRQ LW LV QHFHVVDU\ WR HYDOXDMW

LY7KH DPRXQW RI 8 OLEHUDWHG E\ WKH DOWHUDWLRQ RI WK

7KH DYHUDJH 8 L@ RWKKH DGBROQVIDWM/HUHG FDUERQDWHY VKE
PDUEOWYV SSP WKH DYHUDJH 8 FRQWRPQMG] EN GV IOH PIHS/DRLC
SSP %XW LWV DPRXQW FRUUHVSRQGV WR DQ DYHWDJH DS
DPRXQW RI XUDQLXP SRVVLEO\ OHDFKHG RXW DW WKH VF!
DFFRXQW LWV SKRVSKDWH FRQWHQW 7KH QRQ DOWHUHG
ZW 3 2 DQG WKHLU DSDWLWHY KDYH DQ DYHUDJH 3 2 FRQ
KDy DQ DYHUDJH SKRVSKDWH FRQWHQW RI ZW 3 2 D

FRQWHQW RI ZW
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

SSP 8 EHDULQJ E\ WKH SKRVSKDWHV RI W]
SSP 8 EHDULQJ E\ WKH SKRVSKDWH RI WKH ZH

+HQFH WKH DPRXQW RI 8 OLEHUDWHG E\ WEBSPVXKIHLFQRQ
DDOWHUHG FDUERQDWHY DQDO\|HG KDYH DQ DYHUDJH 8 FRQ\
WKWDXUDQLXP LV SUHVHQW LQ RWKHUV SKDVHV VXFK DV L
PDWUL[ RI WKH VKDOHYVY DQG WKH SRLNLOLWLE,XURRBLXP F
DYHUDJH 8 FRQWHQW RI WKH ZHDWXHKURK WK®HIKWRMIHKO WA
EHHQ DQDO\WHG LV DERXW SSP 8 7KLV UHVXOW VKRZV
IOXRUDSDWLWHY LV QRW WKH RQO\ VRXUFH IRU WKH XUDQ
LV QHFHVVDU\ WR FRQVLGHU WKH YHUWLFDO WUDQVSRUW F

LL 7KH 8 SURSRUWLRQ LQ WKH VKDOHV QRQ ORFDWHG LQ

7KIDYHUDJH 8 FRQWHQW RI WKH RLO VKDOH -5° % LQ ZK

LV SSP WKH DYHUDJH 8 FRQWHQW PHDVXUHG LQ LWV |

SKRVSKDWHV RI WKH VKDOH SUHVHQW DQ DYHUDJH SKRVSK

URFN FRQWHQWYV ZW 32 7KH XUDQLXP FRQWHQW EHD

LV SSP 8 7KH 8 SURSRUWLRQ QRQ ORFDW
SSP 8

LLL 7KH DBRX@WHRIW LQ WKH ZHDWKHUHG® RIL GHBEDNOK | HEU (
VTXDUH RI NP

7TKH WZR WUHQFKHY VDPSOHG LQ WKH 6LZDTD DUHD SUHVH!

SSP IRU 7 DQG IRU 7 7KH GHQVLW\ RI WKH ZHD\
DERXW ZDV PHDVXUHG RQ FRUHV E\ WKH $5(9%1YV H[SOR
P RQ D DUHD RIGHNPWK ZLWK D FRQWHQW RI SSP 8 LV
7 W 8

7KH PLQHUDOL]J]HG ZHDWKHUHG OLIPMH\VFWNRQYHD H[VRHGOG (R YW k
WRQQDJH RI W8 %XW WKLV HVWLPDWHG WRQQDJH LV
ZLWK JUHDW FDXWLRQ EHFDXVH WKH ODWHUDO FRQWLQX
VA\VWHPDWIUPFWPDHRWBP RUH WKLV HYDOXDWLRQ KDV EHHQ PDGF
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

QXPEHU RI VDPSOB@H YD XD2MMIARQ EDVHG RQ VI\VWHPDWLF C
ZLWK KLJK GHQVLW\ GHSWK DQG DUHDO VDPSOLQJ FDQ JLY}

&21&/86,216

7KH VXUILFLDO XUDQLXP PLQHUDOL]DWLRQ DVVRFLDWHG -
*URXS LQ WKH 'DEED 6LZDTD DUHD RFFXUV DV W\X\DPXQL
GLVVHPLQDWHG DJJUHIJDWHYV RI VSOLQWHU DQG DOVR DV IL
SRUH VSDFH RI WKH ZHDWKHUHG OLPHVWRQHYV RU LQ DVVF
VXUILFLDO OLPHVWRQHVY KDYH EHHQ PLQHUDOL]HG E\ PHW
PHWDOV IURP WKH PDUEOHY DQG ZKLFK ZHUH WUDQVSRUW
WKH DGMDFHQW OLPHVWRQHY (YDSRUDWLRQ RI WKH SRUH
RI WKH XUDQRSKLOH HOHPHQWY 7KH PDUEOHV LQLWLDOO
FDUERQDWH IOXRUDSDWLWH DQG GHVWDELOL]JHG E\ S\URI
6KDOHV ULFK LQ YDQDGLXP DUH SUREDEO\ WKH PDLQ 9 VF
DONDOLQH JURXQGZDWHU WKURXJK WKH RBWDPRG SIBLYRWHC
WKHIDQ\O DQG YDQDGDWH WUDQVSRUW WR WKH SRURXV OL
WKHVH ZHDW K MWUBH G URFHIND/VEBHRd WKH S+ SHUPLWWLQJ WKH
IRUP XUDQ\O YDQDGDWHY 7KH XUDQLXP HQULFKPHQW RI W
WKUHH SURFHVVHYV L WKH OHDFKLQJ RI WKH XUDQLIHURX
LL WKH OHDFKLQJ RI WKH XSSHU KRUL]JRQV RI WKH ZHD
KRUL]JRQVY SHU GHVFHQVXP PHFKDQLVP RU WKH FDSLOOD
DVFHQVXP PHFKDQLVP WR HQULFK WKH XSSHU KRUL]JRQV
ZHDWKHUHG FDUERQDWHYV
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

5()(5(1&(6

%DVWUDNRY (1 -DLUHWK 6 OHUQDJK 7 3 6RO XE!
IOXLGYV DW f WR f& ,PSOLFDWLRQV IRU WKH IRUPDWI
$XVWUDOLD 5HFRUG S

NXWW & 50 0ODQQ $: +RUZLW] 5 & SHILRQDO VHW

VXBLDO XUDQLXP GHSRVLWYV LQ FDOFUHWHY DQG DVVRFLDV
RI OLQHUDORJ\ &6,52 :HPEOH\ $XVWUDOLD ,$($ 9LHQQD

&DUOLVOH &RQFHQWUDWLRQ RI XUDQLXP DQG YDQE
6RF /RQGRQ 6SHF 3XEO

'LOO + * $ FRPSDUDWLYH VWXG\ RI XUDQLXP WKRULX
RI WMUDELDQ 3HQLQVXOD DQG PLQHUDO GHSRVLWV ZRUOGZ

(OLH O THFKHU | 7TURWLJIJQRQ / KRXU\ + 6DODPHK
JRXUFDGH 6 &EHPHQWDWLRQ RI NHURJHQH ULFK PDUC
ZHDWKHULQJ RI WKHUPDOO\ PHWDPRUSKRVHG PDUO\ VHGL
PDIJQHWLF VXVFHSWLELOLW\ DQG PHWDOV 7L &U )H DW
FHQWUDO -RUGDQ $SS *HRFKHP

JRXUFDGH 6 TURWLJIQRQ / 9%RXOYDLV 3 THFKHU (C
KRXU\ + &HPHQWDWLRQ RI NHURJHQH UFK PDUOV E
ZHDWKHULLQJ RI WKHUPDOO\ PHWDPRUSKRVHG PDUO\ VHGL
.KXVKD\P ODWUXN QDWXUD DQDORJXH FHQWUDO -RUGDQ ¢

*RXBLS$ 6 &DOFUHWH ,Q $6 *RXGLH DQG . 3\H (G\
*HRPRUSKRORJ\ /RQGRQ $FDGHPLF 3UHVYV

*UDQW - § ,VRFRQ DQDO\VLVY $ EULHI UHYLHZ RI Wl
&KHP(DUWK

*UHVHQ 5/ &RPSRVLWLRQ YROXPH UHODWLRQVKLSV |

*URVV 6 ,ODQL 6 6HFRQGDU\ XUDQLXP PLQHUDOV |
1HHY ,VUDHO 8UDQLXP

183



&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

,ODQL 6 6WUXOO $ 8UDQLXP PLQHUDOL]DWLRQ LQ
1HHHY ,VUDHO 2UH *HRO 5HY

OF/HQQDQ 6 0 SDUH HDUWK HOHPHQWY LQ VHGLPHQVW
DQG VHGLPHQWDU\ SURFHVVHVY *HRFKHPLVWU\ DQG PLQHL
OLQHUDO *HRFKHP

/IDQJIJP XLU ' 8UDQLXP VROXWLRQ PLQHUDO HTXLOLE
DSSEDWLRQV WR VHGLPHQWDU\ RUH GHSRVLWV *HRFKLP &

/IQNODWHU & 0 $OELQVVRQ < $OH[DQGHU :5 &DVDV
$ QDWXUDO DQDORJXH RI KLJK S+ FHPHQW SRUH ZDWHU IU
&RPSDULVRQ Rl SUHGLFWHG DQG REVHUYHG WUDFH HOHPH
&RQW +\GURO

6NLUURZ 5 * -DLUHWK 6 +XVWRQ '/ %DVWUDNRY (1
%DUQLFRDW $ & 8UDQLXP PLQHUDO V\VWHPV 3URFH
GHSRVLW IUDPHZRUN *HRVFLHQFH $XVWUDOLD 5HFRUG

THFKHU | KRXU\ + 6DODPHK ( S5DVVLQHX[ ) &ODX
IDQFHORW - +DPHOLQ % -DFTXRW ( 3URSDJDWL
DUJLOODFHRXV IRUPDWLRQ &DVH VWXG\ RI WKH .KXVKD
-RUBD- *HRFKHP ([SORUDWLRQ

TRNXQDJD 7 . LP < :DQ - SRWHQWLDO UHPHGL
FRQWDPLQDWHG JURXQGZDWHUV WKURXJK $QWL[1}\/R/1D_XBFXU[

7HFR[QRO
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&KDSLWUH 9 6XSHUJHQH XUDQLXP PLQHUDOL]DWLRQ)\

$SSHQGL[ 9 ODMRU DQG WUDFH HOHPHQW FRQFHQWUDWLRQV |
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&ERQFOXVLRQV JpQpUDOHYV
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&RQFOXVLRQV JpQpUDOHYV

/JHV URFKHV VpGLPHQWDLUHY FDUERQDWpPHV GX *URXSH %H
&DPSDQLHQ 3DOpRFqQH VH VRQW IRUPpHV SHQGDQW GH
DVVRFLpPHV j XQ UpFKDXIIHPHQW FOLPDWLTXH HW XQ XSZH:
XQH SDUWLH GHV FDOFDLUHV HQULFKLVY HQ PDWLQUH RUJL
DQR[LTXHV SURIRQGHV GDQV GHV EDVVLQV OLPLWpV SDU ¢
SDXYUHV HQ PDWLQqUH RUJDQLTXH RQW pWp GHSRVpV GD
SULPDLUH HW RX DYHF GH IDLEOHV FRQGLWLRQV GH SUpVlI
PRLQV SURIRQG /HV SURWROLWKHV GHV PDUEUHV VH V¥
GYDQR[LH FH TXL D SHUPLV GH SUpVHUYHU OD PDWLQqU
FLUFRQVWDQFHY RQW SHUPLV XQ HQULFKLVVHPHQW V\QV
FRQGLWLRQV UHGR[ 8 &X &R OR 6E 9 &HW HQULFKLV
GLUHFWH j SDUWLU GH O X FERIUB R U RXLRW UTDYQMW D HO\H R U J
OHXU PpWDEROLVPH 'fDXWUHV pOpPHQWYV pJDOHPHQW VH
=Q VRQW DDGUIORKEMY FRQFHQWUDWLRQV FODVVLTXHV REV
H[RJpQLTXH DWWULEXp j OYDOWpPUDWLRQ GJRSKLROLWHV R
HQW OD SODTXH DUDELTXH HW OH FRQWLQHQW HXURSpPHQ

/ID FRPEXVWLRQ GH OD PDWLqUH RUJDQLTXH IRUWHPHQW
FDUERQDWHYV HVW UHVSRQVDEOH GX S\URPpWDPRUSKLVP
WHPSpUDWXUH MEWUQM EDY®H SUHVVLRQ D HQWUDLQpPp O
RULJLQDX[ HW UDUHV W\SLTXHV GHV FLPHIWYDFLHH VW\S
S\URPpWDPRUSKLTXHVY VRQW REVHUYpV GDQV XQ ODUJH
LQpJDOHPHQW UpSDUWLY HQ -RUGDQLH FHQWUDOH FH TXL
GIR[\GDWLRQ HW GH FRPEXVWLRQ WRXFKDQW GHV KRUL]R(
SODFH HQ EDVVLQV UHVWUHLQWY /HV GLIIpUHQWY IDFLH’
SUpVHQFH GH SURWROLWKHYVY GH QDWXUHV GLVWLQFWHYV H
PDUEUHV TXL SUpVHQWHQW HQFRUH GH OD FDOFLWH HW C
SDUWLU GTXQH FDOFLQDWLRQ LQFRPSOqWH GH FDOFDLUI
PPWDPRUSKLTXH QRLUV HW YHUWYV VH VRQW SUREDEOHPHC
FDOFDLUHV DUJLOHX] PDUQHYV HW RQW VXEL XQH FI
GpFDUERQDWDWLRQ WRWDOH GHV FDUERQDWH IOXRUDSDW
DQK\GUHV HQ SURSRUWLRQV SOXV LPSRUWDQWHYV /H\
S\URPpWDPRUSKLVPH GH VKDOHV SOXV VLOLFHX[ HW SOX
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&RQFOXVLRQV JpQpUDOHYV

S\UR[gQHV HW VLOLFDWH GH PDJQpVLXP /IH S\URPpWDF
HQULFKLVVHPHQW HQ pOpPHQWY PDMHXUV SHX PRELOHV H
OD IRLV GHVY UpDFWLRQV GH GpFDUERQDWDWLRQ HW GH OD
H &2

/IHV SKRVSKDWHVY LQLWLDOHPHQW VRXV IRUPH GH

VPGLPHQWDLUH GLDJpQpWLTXH RQW pWp PDUTXp SDU OF
FDUERQDWpH GH -RUGDQLH FHQWUDOH | SDUWLU GX OLRF
OIYROXWLRQ GHV GLIIpPUHQWHY OLWKRORJLHV &HV FDUE
VHPEODEOH j FHOOH OJHDX GH PHU j FHWWH pSRTXH FH
GLIIpUHQWHY FRQGLWLRQV H[FHSWLRQQHOOHV UpFKDXIIH
PDULQ XSZHOOLQJ VXBU GOID OFBBPBQ 7pWK\V DX &DPSDH
SURMDPRUSKLVPH D HQWUDvVQp OD GpVWDELOLVDWLRQ G
SHUPLV OD OLEpPUDWLRQ GH OfXUDQLXP SUpVHQW GDQV
VXEVWLWXWLRQ DX FDOFLXP /H S\URPpWDPRUSKLVPH D pJ
GH FHUWDLQHV FDUERQDWH IOXRUDSDWLWHY VH WUDQVIR
IUDFWLRQQHPHQW GHV WHUUHV UDUHV HQWUDLQDQW XC
/TDOWPUDWLRQ VXSHUJgQH GHV FDUERQDWH IOXRUDSDWLW
HW VRGLXP D SHUPLV OD IRUPDWLRQ GYDSDWLWH VXOIDWR
IOXRUDSDWLWHV VXSHUJQQHY DOWpUpHVY VRQW IDFWLRQQ
VXOIDWR DSDWLWHV VXSHUJQQHV QpRIRUPpPY VRQW DSSDXY

/v VRXUFHV GH OfYXUDQLXP VRQW GRQF SULQFLSDOHPHQ
S\URPpWDPRUSKLVPH GDQV OHV PDUEUHV HW FHOXL OLE
FDERQDWH IOXRUDSDWLWHY /HV PDUEUHV IRUPDQW GHV F
OWRVLRQ HW OHV R[\GHV GTXUDQLXP UHFRQFHQWUpPV G
FRQWLHQQHQW RQW pWp OHVVLYpV SDU OHV IOXLGHV Pp\
MXVTXYDX[ FDOFDLUHYVY DOWpUpVY HQ FRQWUHEDYV /D SHUWLF
GMROXWLRQ GHVY FDUERQDWHY SDU OHV HDX[ PpWpRULTXH"
OXHOOH OHV YDQDGDWHYV GIfXUDQ\OHV GH &D HW 1D W\X\D
SURFHVVXV GYpYDSR WUDQVSLUDWLRQ DYHF GHV WUDQVS
GLVSRQLEOH VXU SODFH DXVVL ELHQ GDQV OHV PDUEUHYV
HPEOHQW DYRLU RSpUp pSHU DVFHQVXPY HW pSHU GHVFH
FRQWU{OOp OTHQULFKLVVHPHQW GHV FDOFDLUHV VXSHU.
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&RQFOXVLRQV JpQpUDOHYV

PYDSRUDWLRQ GLUHFWH DORUV TXH OH PpFDQLVPH pnSHU
JUDGXHO GHV IDFLHV SXOYpUXOHQWY SDU OHVVLYDJH G
LQIpULHXUYV

&H PRGQqOH JpQpWLTXH SUpVHQWH GRQF GH ODUJHV GLIIpU
W\SH FDOFRWgqWRIFKHY SRUWHXVHV GHV PLQPUDOLVDWLRQV
GUVROXWLRQ LPSRUWDQWH OHXU FRQIpUDQW XQH WUq
PLQpUDOLVDWLRQV GH W\SH FDOFUQWH TXL VRQW SRUW,|
GpULYDQW GH OfpURWILARHQWHVISDQL®HNW FDUERQDWHYV /H\
UHQFRQWUpPV HQ -RUGDQLH FHQWUDOH VRQW GH OD W\X\
FDUQRWLWH UHQFRQWUpH GDQV OHV FDOFUQWHV &HOD W
VRXUFH GH SRWDVVLXP IDYRULVDQW OD SUpFLSLWDWLRQ
YDQDGLXP VRQW OHV FDUERQDWH IOXRUDSDWLWHYV GHV L
S\URPpWDPRUSKLTXHV Re VH VRQW IRUPpHV OHV XUDQLQL
IOXLGHY SRUWHXUV Gf8 HW 9 QTRQW DORUV SDV HX EHVRL
SHUPLV OD SUpPpFLSLWDWLRQ GHV XUDQ\O YDQDGDWHV D.
PLQpPUDOLVDWLRQV GH W\SH FDOFUQWH Rs OHV QDSSHV S|
OHXU PpODQJH DYHF GHV IOXLGHV ULFKHV HQ YDQDGLXP S
YDQDGDWHY &H SKpQRPgQH GH PLQPUDOLVDWLRQ VXSHUJC

HW P PDLV VIpWHQG FHSHQGDQW VXU GH ODUJHV VXUIDF
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$SSHOGL]

6XUILFLDO XUDQLXP PLQHUDOL]D
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

&$/&5(7(6
'"HILQLWLRQ

&DOFUHWHY DUH FRQJORPHUDWHY FHPHQWHG E\ FDUERQDV
RQ D KRVW URFN IURP WKH LQWURGXFWLRQ DQG FHPHQWD\
SURFHVVHV DQG YDULDWLRQV RI WKH JURXQGZDWHU OHYH
DUHD E\ YHUWLFDO SURFHW2VBIYGOMDEE QURPKBQORXYW KRLIJH QL
ORVW WLPH WKH\ KDYH QHDUO\ WKH VDPH FRPSRVLWLRC
SpGRJHQLF FDOFUHWHVY &DUOLVOH 7KHVH QRQ SHGR
EDVHPHQW ZLWK ODWHUDO WUDQVSRUW RI WKH HOHPHQW\
KDYH D YHUWLFDO GLVWULEXWLRQ &DOFUHWHY SUHVHQW
SLVROLWLF WXEXODU ODPHOODU ZKLFK FDQ EH FRPELQI
DQG 7XFNHU $OVRQVR =DU]D &DOFUHWHY DUH DC
SDOSKD WDDFEMWHVEHRIHQLF DQG SUHVHQW W\SLFDO SKHQRP
ZLWK PRVDLF VWUXFWXUH ~ EHWD FDOFUHVDHVH [DWH IR R WX 6
DV SLVRLGVY URRWY DQG PLFURFRGLXPV =KRX DQG &KDIHW

BMQLIHURXY FDOFUHWHYV

TKHVXUILFLDO XUDQLXP GHSRVWLV DUH GHILQLHG IROOR.
FODVVLILFDWLRQV 7RHQV DQG +DPEOHWRQ -RQHYV GL
)LI $ JOXYLDWLOH IDFXVWULQH SOD\D SHGRJH
EHORQJV WR WKH SHGRJHQLF FDWHJRU\ EHFDXVH WKH\ DU}
DOWHUHG VXEVWUDWXP DXWKLJHQLF RU RQ VRLOV IRU
DOORJHQLF '‘DKONDPS GHILQHG WKH VXUILFLDO PLQ

'XULFUXVW I1OXYLDWLOH YDOOH\ ILOO ODFXVWULQH S
ERJ ZKHUH XUDQLXP LV DVVRFLDWHG WR RUJDQLF PDWWHU
WR WH FDOFUHWHY EXW ZLWKRXW HYDSRWUDQVSLUDWLRQ
DV XUDQ\O SKRVSKDWHV RU UHGXFLQJ XUDQLXP PLQHUDOV
ZHDWKHULQJ RI SULPDU\ XUDQLXP VXFK DV WKH GHSRVLV
EDWKROLWK RI $FKDOD $UJHQWLQD ORUH FRPPRQ 8 VRXU
LQ DULG WR VHPL DULG FOLPDWH 8 LV WUDQVSRUWHG L
RI[LGL]LQJ IOXLGYV ZKLFK EHFRPH DONDOLQH GXULQJ WKH
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$SSHQGL[ B6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD:

7KH XUDQ\O FDUERQDWHYV FRPSOH[HV DUH GLVVRFLDWHG |
XUDQ\O YDQDGDWH OLNH FDUQRWLWH ZKLFK LV WKH OHVV )\

JLIXUH $ &ODVVLILFDWLRQ RI WKH VXUILFLDO XUDQLXP GHSR\
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

85%$1,80 685),&,$/ 0,1(5%/,=$7,21 2) $8675%$/,$ $1' 1$0,%,$
85%$1,)(5286 &$/&5(7(6

.QRZOHGJH VWDWHPHQW

7KH PRVW ZHOO NQRZQ XUDQLXP VXUILFLDO GHSRVLWV DU
LQ $XVWUDOLD DQG /DQJHU +HLQULFK 7UHNNRSMH LQ 1DPL]

<HHOL®YYWUDOLD LV WKH PRVW LPSRUWDQW VXUILFLDO
PLQHUDOL]DWLRQV KDYH EHHQ IRUPHG LQ D FDWFKPHQW
JUDQLWHY DQG YDQDGLXP ULFK JUHHQ URFNV ZLWK DQ DU
AXDWHUQDU\ )LJ $ 0DQQ 'HXWVFKHU &DPHURQ

JLIXUH $GHDOL]HG VHFWLRQ DORQJ WKH U H SAUMY/GIEWH
FRQWUROOHG JHQHVLV ®D @0 WRRON'IHX MY E RQHFD O |

7KH PLQHUDOL]DWLRQ LV ORFDWHG LQ WKH YDOOH\ ILOO FI
OHQVH RI FDUQRWLWH FRDWLQJ WKH FDYLWLHYV DQG WKH
FRQFHQWUDWLRQV LQFUHDVH WRZDUG WKH EDVLQ ZLWK \
FDOFUHWH GHSHQGV RI VHYHUDQV "SKTHUBIRYWW NUR X @AW D Q H\RK

WKH S+ LQFUHDVH&EZQUDWKR &PL 7KH HTDX@® RY PRRIVHD &/D. Y +
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

FRQFHQWUDMLRRHHWLDRJ EHWZHHQ WKH LRQV SUHFLSLWE
FDUERQDWHY FDUU\LQJ E\ ZDWHU DQG WKH LRQV EULQH R
JURXQGZDWHUV DV XUDQ\O FDUERQDWH 7KHQ WKLV FRPS(
RI 8 DQG KLV DVVRFLDWLRQ ZLWK WRQIRGLPX PV KRI[ LFEDLJID® W
PLQHUDOLHRWER® KVHH SULWBOSIOIQLVPV 0DQQ 'HXWVFK
HYDSRUDWLRQ GHIGRPSOH[DWLRQ U

/IDQJHU +HIDQUAIFKWNRSDIPMLELD DUH RQHV RI WKH PRVW LP
GHSRVLWV GLVFRYHUHG VLQFH WKH GLVFRYHU\ RI <HHOL
&UHWDFHRXV ORZHU 7HUWLDU\ SDODHRYDOOH\V +DPEOF
HQYLURQPHQW LV IOXYLDO W\SH 7KH VHGLPHQWY DUH FRTF
FDOFLWH 8UDQLXP PDLQO\ RFFXUV DV FDUQRWLWH 7KH V
SHIJPDWLWHY DODVNLWHY JUDQLWHY DQG PDUEOHV &DUO
DUH WKH ODVW VRXUFH URENV RI WKH 7UHNNRSMH GHSRVL
KDYH EHHQ LGHQWLILHG WKH HYDSRUDWLRQ RI WKH

GHFRPSOH[DWLRQ WKH UHGR[ FRQGLWLRQV DQG WKH YDQTE
&DUQRWLWHY KDYH EHHQ GHSRVLWHG GXULQJ WKH I10DVK |
WKH JUDLQV DQG ILOOLQJ WKH FDYLWLHV B8UDQLIHURXV
DONDOLQH VDOLQH VROXWLRQV KDYH WUDQVSRUWHG XUTL
PRELOL]DWLRQ RI KH[DYDOHQW XUDQLXP %RZHOO HW DO
VHFRQGDU\ PLQHUDOL]DWLRQ IURP XSVWUHDP SULPDU\

GHFRPSOH[DWLRQ

*HRFKHPLFDO DQG PLQHUDORJLDO FKDUDFWHUL]DWLRQ
/IDQJHU +HLQULFK

JLYH RQ VL[ VDPSOHV /+8 DUH YHU\ LPPDWXUH PLFU
FRQVWLWXWHG E\ TXDUW] RIWHQ VPRN\ SLQN SRWDVVL
FHPHQWHG E\ FDUERQDWHY 7KH VDPSOH /+8 SUHVHQW \H
)LI $ /+8 LV D ILQH JUDLQHG VDQGWRQH ZLWK D ZHDN
WUDRHY )
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

JLIXUH $LQHUDOL]JHG VDL )LIJXUH $DPSOH FRBUUHVSRC

WKH KHWHURJHQHRXYV JUDQ UHODWLYHO\ ZHOO VRL
WKH \HOORZLVK KH[DYDOH

&OD\V )LRB/+8DUH PDLQO\ GHWFRLYW WH LMD\SGIHWHZ K L F
VXUIDFHV OLPLWLQJ WKH XUDR®LXIRPUD GVRAGS WIQRR |
SUHVHQWY VRPH LOOLWH LOOLWH FKORULWH LQV
VSHFELILF VXUIDFH DO O RBMUIRWK BRERID QQXPDDERR D\
FOD\V RFFXUULQJ DV LOOLWH LOOLWH FKORULWH
PXVFRYLWH DQG ELRWLWH

J)LIXUH $(0 YLHZV RI WKH FOD\ PLQHUDO\
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

7KH 4 3 GLDUWDP SUHVHQWYV WKH TXDUW] SURSRUWLRQ -
IHOOVvSDUV 3 &DOFLXP LV PDLQO\ FDUULHG E\ FDUERQDWH
/1+8 DUH WKH SRRUHVW LQ TXDUW] ZLWK D ORZ 4 HW

FODERQDWHYV HW ZW )HOGVSDUV KDYH DQ LQWHUP
7KH RWKHU IRXU VDPSOHV KDYH KLJK VLOLFD FRQWHQW M
FRPSRVLWLRQDO YDULDWLRQV /+8 LV ULFK LQ DOELWH Zk
LQ . IHOGVSDUV UHVSHFWLYHO\ HQULFKHG WRZDUG SODJLT

7TKH $ 4 GLDJUDP )LJ $ SUHVHQWYV WKH TXDUW] SURSRU
FOD\V ZKLFK LV QRW LQWHJUDWHG LQ WKH IHOGVSDU VWUXF
ZKLFK QRW UHVXOW IURP WKH DOWHUDWLRQ RI SODJLRFOLCL
DQG ULFKHVW LQ FDUERQDWHY KDYH WKH ORZHU $ SDUL
FOD\ 7KH FDUERQDWH SUHFLSLWDWLRQ LV SUREDEO\ GXH
WKH URFN SRURVLW\ ORUHRYHU WKH LPSRUWDQW FDUERC
LQ WKH LQLWLDO SRURVLW\ RI WKH DUNRVHYVY $ LQFUHDVH
SUREDEO\ SHUPLWWHG WR OLEHUDWH VSDFH IRU WKH FD!I
XUDQLXP ZLWK SSP WKH RWKHU VDPSOHVY KDYH XUDQLX

JLIXUH 453 GLDJIMHPDWLYH RURXBDWERWHOGVSDU LQ WK
/IDQJHU +HLQUAFRKHPDRRDWDORILFDO GLDJUD
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

JLIXUH $4 GLDJUDP UHSUHVHQWLQJ WKH YDULDWLRQV RI
WKH /D@GHLQULFK VHGLPHQWYV

TUHNNRSMH

7KH YLVLW RI pOLGL 3LWY RI WKH .OHLQ 7UHNNRSMH GH:
FRQVWLWXWHG RI JUDQLWHY SHIJPDWLWHV PDUEOHV VEFKI
WKH VHGLPHQWY ,PPDWXUH DQG SRRU VRUWHG FRQJORPH!
LQ FODVWV RI YDULDEOH VL]HV FHQWLPHWULF WR SOXULF
UHIOHFWLQJ WKH EDVHPHQW SHJPDWLWHY PDUEOHV Zt
RULHQWHG 7KH\ DUH FHPHQWHG E\ FDOFLXP FDUERQDWHYV
DUH PDLQO\ ORFDWHG ZLWKLQ WKH IUDFWXUHVY DQG K
FRQJORPHUPWHYV )

&OFAWWHWHY DUH EHLJH OLJKW EURZQ FRQJORPHUDWHY FRQV
ELRWLWH DQG PXVFRYLWH FODVWY FHPHQWHG E\ D WKLQ F

)LQDOO\ WKH FDOFUHWHV RI TUHNNRSMH /DQJHU +HLQULF
WKLQ FOD\ FDUERQDWH PL[HG WR FHPHQWLQJ YDULHG VIl
XQGHUO\LQJ EDVHPHQW 7KLV FDOFUHWH PLQHUDOL]DWLR
ILQH VSOLQWHU WKLQO\ OLQNHG ZLWK WKH FOD\ SKDVH

198



$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

JLIXUH $OXYLDWLOH FRQJORPHUDWH 2DILWK BDW Q RWHNNR

8UDQLIHURXY PLQHUDOL]DWLRQV RI WKH $XVWUDOLDQ

7KH PLQHUDOL]DWLRQ RFFXUV DV LGLRPRUSKLF FDUQRWLW
SROHV )LJ $ DVVRFLDWHG ZLWK FOD\H\ PDWUL[ )LJ $

JLIXUH $ &D21D2. WHUQDU\ GLDJUDP RI WKH X
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

JLIXUH $6(0 YLHZV Rl WKH FDUQRWLWH PLQHUDOL]DW LRV
&UQ FDUQRWLWH 4W] TXDUW]

&21&/86,21

7KH SHWURJUDSKLFDO PLQHUDORJLFDO JHRFKHPLFDO VW
XUDQLXP GHSRVLW OHDGV WR WKH IROORZLQJ PDLQ FRQFO

L )LYH VDPSOHV FRUUHVSRQG WR KLJKO\ LPPDWXUH PLFLl
/+8 DQG DUH YHU\ ULFK LQ FDUERQDWHY DERXW ZW
PLQHUDOL]HG ZLWK YLVLEOH KH[DYDOHQW 8 PLQHUDOYV

LL 2QH VDPSOH /+8 FRUUHVSRQGY WR D ILQH JUDLQHG
ZHOO VRUWHG

LLL 6DPSOH /+8 ZKLFK LV EDUUHQ DQG ULFK LQ FDUEF
PLQHUDOV LOOLWH DQG PXVFRYLWH

LY 6DPSOH /+8 ZKLFK LV PLQHUDOL]HG DQG ULFK LQ FD
PLQHUDOV LOOLWH EXW DOVR VRPH QHZO\ IRUPHG FO
LOOLWH FKORULWH DQG YHUPLFXOLWHYVY ZKLFK KDYH ERWK
ODUJHU FDSDFLW\ RI DGVRUSWLRQ RI XUDQLXP ZKLFK PD\ C
HIWUDFWLRQ SURFHVVHYV

Y 6DPSOH /+8 ZKLFK LV EDUUHQ EXW LV WKH ULFKHVW L
,WOOVR SUHVHQWYVY GHWULWDO FOD\ PLQHUDOV LOOLWH E
ZKLFK DOVR KDYH ERWK D PKHK ODUJHU VSHFLILF VXUI
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

YL 7ZR VDPSOHV [/+8 DUH SRRU LQ TXDUW] DQG YHU\
VDPSOHYVY DUH ULFK LQ TXDUW] ZLWK YDULDEOH SURSRUWL
ULFKHVW LQ DOELWH GHVSLWH LWV KLJK FOD\ FRQWHQW
IURP SODJLRFODVH DOWHUDWLRQ

YLL 7KH WZR VDPSOHV ULFK LQ FDUERQDWHYV /+8 DQG

FDUERQDWH FRQWHQWY DERXW ZW ODUJHO\ H[FHHG)\
VDQGVWRQH VXJIJHVWLQJ WKDW HLWKHU WKHUH KDV EHH
GLVVROXWLRQ RI WKH GHWULWDO TXDUW] REVHUYHG LQ W

YLLL 7KH FDUERQDWHV DUH SXUH FDOFLWH DQG WKH PF
FDUERQDWH XQGHUO\LQJ WKH LPSRUWDQFH RI HYDSRWUDQ
GHSRVLWLRQ

L[ $O00 WKH VDPSOHV KDYH VLPLODU 5DUH (DUWK (OHPHQ\
VHGLPHQWDU\ URFNYV

[ 6DPSOHV /+8 DQG SUHVHQW D QHJDWLYH &H DQRPDO\
SURYHQDQFH RI WKH PDWHULDO RI VRPH RI WKH VHGLPHQW

[L 7KH XUDQLXP PLQHUDOV IURP VDPSOH /+8 FRUUHVSR
7\X\DPXQLWH ZLWK QHDUO\ DOO WKH LQWHUPHGLDWH FRPS
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$SSHQGL[ 6XUILFLDO XUDQLXP PLQHUDOL]DWLRQ RI FD!

5()(5(1&(6

$ORQ]JR =DU]D $ O 3DODHRHQYLURQPHQWDO VLJQLILFI
FDOFUHWHV LQ WKH JHRORJLFDO UHFRUG (DUWK B6FL 5HY
%RZHOO 5 - %DUQHV $ *URJDQ - 'H\ O© *HRFKF
SUHFLSLWDWLRQ LQ FDOFUHWH SDODHRFKDQQHO GHSRVLW
,OQWHUQDWLRQDO $SSOLHG *HRFKHPLVWUYVEX®FHRVLXP )UHG

&DPHURQ ( 7KH <HHOLUULH FDOFUHWH XUDQLXP G
9LHQQD
&DINOH ' OHULILHOG 30 2UPH $55 .RKO 06 .RONHU

FDOFUHWHY DQG J\SFUHWHV LQ VRXWKZHVWHUQ 8QLWHG 6
RQ D VWXG\ RI GHSRVLWV LQ :HVWHUQ $XVWUDOLD DQG 6FR
(QHUJ\ *-%; S

&DUOLVOH &RQFHQWUDWLRQ RI XUDQLXP DQG YDQC
6RF /RQGRQ 6SHF 3XEO

'$+/.$03 ) - 8UDQLXP RUH GHS&MBWHWWODI+(GSULQJ

*DOORZD\ : ( DQG +REGD\ . THUULJHQRXV FOD
DSSOLFDWLRQV WR IRVVLO IXHO DQG JURXQGZDWHU UHVRX

+PEOHWRQ -RQHV % % 6XUILFLDO XUDQLXP GHSRVL

7RHQV 3 ' DQG +DPEOHWRQ -RQHV % % 'HILQLWLR
XUDQLXP GHSRVLWYV ,$($ 9LHQQD

0QQ $: DQG 'HXWVFKHU 5/ *HQHVLV SULQFLSOHYV
LEFOHWH GUDLQDJHV LQ ZHVWHUQ $XVWUDOLD (FRQ *HRC

"ULIJKW 9 3 7XFNHU 0 ( &DOFUHWHYVY ,QW $VV 6HGLF

=KRX &KDIHW] + 6 %LRIJHQLF FDOLFKH LQ 7H[DV WK
FOLPDWH 6HG *HRO
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7$%/( '(6 ),*85(6

L QWURGXFWLRQ

J)LIXUH &DUWH JpRORJLTXH GH OD SpQLQVXOH DU

DELTXH

J)LIXUH &RORQQH VWUDWLIJUDSKLTXH GH -RUGDQ

LH G¢YD

(UDLIHM -DUUD HW DO 6DZDULHK

J)LIXUH &DUWHYV JpRORJLTXHV GH OD -RUGDQLH

/ID FDUYV

DUDELTXH /D FDUWH E SUpVHQWH OHV GLIIpUHQWH

1V SURY

XQ JRRP DYHF OD ORFDOLVDWLRQ GHV pFKDQWLO

ORQQDJ

%HQGHU )IVWHU HW DO SDUODN DQG 5REH

HUVWRQ

&KDWUH

J)LIXUH 6FKHPDWLF VWUXFWXUDO PDS RI WKH

HVWHU

WKH ILJXUH

DIWHU )[VWHU HW DO 3DUOD

| DQG 5F

JLIXUH ,, *HQHUDOL]J]HG JHRORJ\ RI WKH '"HDG 6HL

) 7UDQV

DQG JHRORJLFDO GHWDLOHG PDS DIWHU %HQ

G HU

VDPSOHVY DQG RXWFURSV RI WKH ORWWOHG =RQH &f}

RPSOH[H

JLIXUH ,, &KURQR OLWKRVWUDWLJUDSKLF FROXP

Q RI FH

VDPSOHV DQG PDFURSKRWRV RI RQH RI HDFK OLWK

RORJLF

JLIXUH , D OLFURSKRWRJUDSK 30DQH 3RODUL]

HG /LJIKYV

LPDJHV E VKDOH -5' $ F VKDOH -5' % G O

LPHVWR

-5' | PDUEOH -5' J PDUEOH -5 K PDUE

OH -5'

EXOWIRQWHLQLWH %UZ EURZQPLOOHULWH &DO F

DOFLWH

VSKDOHULWH &)$ FDUERQDWH IOXRUDSDWLWH &/

FOD\ P

R[ LURQ R[LGH +FO K\GURFDOXPLWH +VK +DVK

HPLWH

PDWWHU 3\

S\ULWH 6 VXOIXU 6H VHOHQLXP 6UE

VUHEL

XUDQLXP R[LGH

JLIXUH 7THUQDU\ GLDJRY®PVE XD&DB2A3BL2F

&bPR2

&2WRWDHD VTXDUH HFPHRWWORYMLFWULDQJOH VKDOHNV

ZKLWF

VTXDUH PDUEOHV $S DSDWLWH $6 DYHUDJH VKD

OH :HG

FDUERQRRWBDSDWLWH ,00 LOOLWH .0Q NDROLQLYV

VH 0QW

J)LIXUH (QULFKPHQW IDFWRU () RI PDMRU Pl

QRU D

JURXS DQG 2& ULFK VHGLPHQWY PRGLILHG DIWHU

%UXPVD

J)LIXUH 3$$6 QRUPDOL]JHG OF/HQQDQ ubu

H HDUW

*URXS OLWKRORJLHVY D DYHUDJH 5(( SDWWHUQV R

I HDFK
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PDUEOHYV F 5(( SDWWHUQV RI WKH OLPHVWRQHV G 5(( SD

WKH ELRFODVWLF OLPHVWRQHYV

YLIXUH ,, $O 3 + 5(( GLDJUDP
YLIXUH ,, 76 72& GLDJUDP 7KH GDVKHG OLQH UHSUHVHC(
PDULOH VHGLPHQWYV EHQHDWK R[\JHQDWHG VHDZDWHU
YLIXUH ,, GFKHPDWLF GLDJUDP RI WKH VHGLPHQWDWLRC
RQ WKH VKHOI LWKRXW VFDOH 56( UHGR[ VHQVLWLYH HC
YLIXUH ,, 8 2 GLDJUDP

&KDSLWUH
YLIXUH ,,, 3BDOHRJHRJUDSKLF PDS RI WKH XSZHQOLQJ E|
GXULQJ WKH /DWH &DPSDQLDQ DQG (DUO\ ODDVWULFKWL
$VKFNHQD]JL 3BROLYRGD HW DO 6WDU PDUNV WKH ORFI
YUXUH ,,, OLFURVFRSLF DQG 6(0 YLHZV RI WKH EJRFODVW
FDUERQDWH IOXRUDSDWLWH DJJUHJDWH &DO FDQFLWH
VNHOHWRQ RI FDUERQDWH IOXRUDSDWLWH
YLIXUH ,,, OLFURVFRSLF YLHZV RI WKH SKRVSKDWHV L
DJJUHJDWH 6N &)$ VNHOHWRQ RI FDUERQDWH IOXRUDSDW!
YLIXUH ,,, OLFURVFRSLF YLHZV RI WKH PDUEOHV DQG
FDUERQDWH IOXRUDSDWLWH (WW HWWULQJLWH +#FO K\G
6SX VSXUULWH
YLIXUH ,,, OLFURVFRSLF YLHZV RI WKH SKRVSKDWHV LQ [
FDOEOLFDWH URFN E )$S IOXRUDSDWLWH OHO PHHOLOLW
YLIXUH ,,, OLFURVFRSLF YLHZV RI WKH ZHDWKHUHG SKR\
VXSHUJHQH SKRVSKDWHV F &DO FDOFLWH &)$ FDUERQD
6 3 1D VXOIDWR SKRVSKDWH
YLIXUH ,,, 5501 VSHFWUXP RID FDUERQDWH IOXURDSDW
YLIXUH ,,, 068 VEHFWUXP D FDUERQDWH IOXRUDS|DWLWH
8 SSP E FDUERQDWH IOXRUDSDWLWH PDUEOH -§' $
YUXUH ,,, 3$$6 QRUPDOLJHG OF/HQQDQ UOQUH HDU
GLIIHUHQW DSDWLWHY RI WKH OLWKRORJLHY RI WKH %HOTL
YLIXUH ,,, ‘"KROH URFNV QRUPDOLJHG UDUH HDUWK HOH
RI HDFK URFN D VHGLPHQWDU\ FDUERQDWH IOXRUDSDWLYV
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RI WKH PDUEOHVY F PHWDPRUSKLF LGLR WR VXELGLRPRUSI
G ZHDWKHUHG DQG QHZO\ IRUPHG VXSHUJHQH SKRVSKDWH

YLIXUH ,,, 8 5((

YOXUH ,,, 2ZW5(8 Rl WKH SKRVSKDWH QRUPD®(L]JHG| WR WK
YLIXUH ,,, 8 3 GLDJUDP DIWHU JOHXUDQFH HW DO
YOXUH ,,, 8 FROQOWHQWY RI WKH ZKROH URFNV ZUWK WKH

IURP HDFK URFN

JLIXUH ,,, &2 GLDJUDP

YLIXUH ,,,

&D IYHUVXV &2

JLIXUH ,,,32YHUVXWIZGLDJUDP

JLIXUH ,,, &D 3¥YHUVXAWD &A1 DJUDP
JLIXUH ,,, 1D &HUVX\D 32LDJUDP
&KDSLWUH
JLIXUH ,9 /RFDWLRQ RI WKH PHWDPRUSKLF FRPSPH[HV |

UHG VTXDUH DIWHU 7THFKHU HW DO

*UDSHV

JLIXUH 9 ODFURVFRSLF D E DQG 6(0 YLHZV F WR Q RI
%UP EURZQPLOOHULWH &DO FDOFLWH &)$ FDOUERQDV
K\GURFDOXPLWH +VK KDVKHPLWH -Q MHQQIWH 3\
BUHEURGROVNLWH

J)LIXUH .9 ODFURVFRSLF DQG PLFURVFRSLF YLHZV RI W
FKURPLWH &OV FHOHVWLQH )$S IOXRUDSDWLWH )H 3U
SXPSHOO\LWH 3Z SRZHOOLWH 7EP WREHUPRULWH :R :
JLIXUH 9 ODFURVFRSLF DQG PLFURVFRSLF YLHZV RI Wt
IOXRUDSDWLWH OHO PHOLOLWH 7EP WREHUPRULWH =H
JLIXUH .9 ODFURVFRSLF DQG PLFURVFRSLF YLHZV RI W
IHOGVSDU 3[ S\UR[HQH

)LIXUH ,9 3DUDJHQHWLF VHTXHQFHV IRU WKH IRUPDWLF
URFNV E DQG WKH SDUDODYDV F

J)LIXUH ,9 326L%0 )H2 &D2 0J2 GLDIIWHU WKH WHUQDU\
RI *UDSHYV +RZHYHU WKH ILHOGV HQFOHRY HER QHR F NV D
KDYH EHHQ FRUUHFWHG IRU FDUERQDWH FRQWHQW E\ VXE
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&2 DIWHU ODWWKHZV DQG *URVYV 2XU -RUGDQ

LDQ VDP

VDPH ZD\ EXW LW LV QRW2LPSOH WKH UDWLR 6L2

JLIXUH ,9 7THUQDU\ GLDUPDPRPV&D?2 802 &L2&D2 812
&KDSLWUH 9

JLIXUH 9 *HRORJLFDO PDS RI WKH VWXG\ DUHD DIQG ORF

WKH PHWDPRUSKLF IDFLHV

JLIXUH 9 TUHQFK 7 / P Z G P

JUXUH 9 TUHQFR 7z G P

JLIXUH 9 ODFURVFRSLF DQG PLFURVFRSLF YLHZY RI WKI

&DO FDOFLWH &)$% FDUERQDWH IOXRUDSDWLWH &/ FOD\ |

SKRVSKDWHYVY 7\PQ W\X\DPXQLWH 6WUO VWUHONLIQLWH

JLIXUH 9 *HQHUDO WHUQDU\ GLDJUDPVY DQG GLDJUDPV V

WUHQFKHYV 7 WRS WR ERWWRP -5' DQG 7 WRS V

$SSHQGL[ 9 IRU VDPSOH GHSWKYV $S DSDWLWH &DO FD(

LOOLWH O0QW PRQWPRULOORQLWH 4W] TXDUW] 68X VSXL

JLIXUH 9 $YHUDJH QRQ DOWHUHG OLPHVWRQHV QRUPDOI

JLIXUH 9 SURILOH RI JHRFKHPLFDO HYROXWLRQ IRU WUH

JLIXUH 9 BURILOH RI JHRFKHPLFDO HYROXWLRQ IIRU WUH

JLIXUH 92 &D2D GLDJUDP

JLIXUH 9 8 £+ 9 GLDJUDP

JLIXUH 9 2 &D02D GLDJERPSDULVRQ ZLWK WKH FDOFUHWH PL

JLIXUH 9 :KROH URFNV QRUPDOL]DWLRQ SDWWHUQV RI W

JLIXUH 9 ,VRFRQV RI WKH WUHQFK 7

JLIXUH 9 ,VRFRQV RI WKH WUHQFK 7

JLIXUH 9 9 8 OR *G ([DPSOH RI WKH FRPSRVLWLRQDG

SURILOHV 7 DQG 7

JLIXUH 9 2 SL®PIJODPEOHYVY SUHVHQW MDD AWRIRIQLRLH QWZEWH B

VDPSOH ZLWK WKH KLIJIKHU 9 FRQWHQW
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JLIXUH 9 SDUDPHWHUV RQ 8 VROXELOLW\ D

YXLOG \

SDUDPHWHUV 6NLUURZ HW DO

JLIXUH 9 RJGEG2DJUDPV 'LDJUDPV VKRZ GRPLQDC(

DW DT XH

DWPRVSKHULF FRQGLWLRQV 2'DQK HIQ G L-HP/D R/ MD WNHH

@D OQH W

WKH SRVLVEKRRBUW/I 1DVWUDNRY HW DO

YLIXUH 09 /JRJ | 2 S+ GLDJUDPV 7KH GLDJUDPV| VKRZ C
YDQDGLXP 'DVKHG OLQHV PDUNHG 0Q 2 0Q 2 DQG|+HPDWI
RI 12 EXIIHUV %DVWUDNRY HW DO
JLOXUH 94DUQRWLWH DO WO DPEXPVYWHf & /DQJPXLU
YLIXUH 9 &DUQRWLWH DQG 7\X\DPXQLWH VROXELOLW\ =
YLIXUH 9 3$$6 QRUPDOL|DWLRQ OF/HQQDOQ SDW
PLQHUDOL]DWLRQV RI FHQWUDO -RUGDQ DQG RWKHUV RFFEX
$QQHI[H
YLIXUH $ &ODVVLILFDWLRQ RI WKH VXUILFLDO XUJDQLXP ¢
YJLIXUH $ "GHDOLJHG VHFWLRQ DORQJ WKH UHSUHVHQW
UHGR[ FRQWUROOHG JHQHVAMNOR) BQGQRWWWHRHIUQ ADOFUHW
YLIXUH $ OLQHUDOL]JHG VDPSOH /+8 VKRZLQJ WKH KHWH
DQG WKH \HOORZLVK KH[DYDOHQW XUDQLXP PLQHUDOV
YLIXUH $ 6DPSOH /+8 FRUUHVSRQGLQJ WR D UHODWLYH<
JLIXUH $ 7(0 YLHZV RI WKH FOD\ PLQHUDOV
YLIXUH $ 4 3 GLODWDPH SURSRUWDERWHDGXSDWILQ W
VHGLPHQWYV RI /D QJH3 AKHIRIFPKUIDOBJMFDO GLDJUDPP
YLIXUH $ $ 4 GLDJUDP UHSUHVHQWLQJ WKH YDULDWLRQ
PLQHUDOV LQ WKH /DQJHU +HLQULFK VHGLPHQWYV
JLIXUH $ JOXYLDWLOH FRQJORPHUDWH ZLWK FDJUQRWLW
IDPLELD
YLIXUH $ &D2 WBHIUQDU\ GLDJUDP RI WKH XUDQVJO YDQD!
YLIXUH $ 6(0 YLHZV Rl WKH FDUQRWLWH PLQHUpPOL]DWL
PLQHUDOV &UQ FDUQRWLWH 4W] TXDUW]
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7$%/( (6 7$%/($8:

&KDSWHU ,,
7DEOH ,, 6\QWKHWLF VWUDWLJUDSKLF QRPHQFOOWXUH
HQYLURQPHQWY RI WKH VWXGLHG DUHD )P )JRUPDWLRQ 0

$EHG DQG .UDLVKDQ 3RZHOO DQG ORKG 3XID|

7DEOH ,, &RQFHQWUDWLRQV RI PDMRU PLQRU WUDFH D
OLWKRORJLHV

&KDSWHU ,,,
7DEOH ,,, D®G35(( FROWHQWY RI WKH GLITHUHQW PRFNV R
7DEOH ,,, ODMRU HOHPHQWYV DQG 8 FROQWHQWYV R| WKH Gl
QXPEHUV PAGQGWHEQWYV E
7DEOH ,,, ([FHVV IOXRULQH FDOFXODWLRQV

&&KOSWHU ,9
7DEOH ,9 OLQLPXP WHPSHUDWXUHV RI DSSHDUDQFH RI W
$SSHQGL[ ,9 ODMRU DQG WUDFH HOHPHQW FRQFHQWUDWLFE

&KDSWHU 9

$SSHQGL[ODMRU DQG WUDFH HOHPHQW FRQFHQWUDWLRQ"

OLPHVWRQHYV
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5pVXPpPHY GLIIpPUHQWHY OLWKRORJLHVY VpGLPHQWDLUHYV

HQULFKLVVHPHQW HQ 3 HW HQ WRXWH XQH VpULH GfpOpP
PRQWUpPp TXH OJHQULFKLVVHPHQW HQ 8 &X &R OR 9 UpVX
FRQGLWLRQV VXER[QWYOYPBRDWF¥FRQWUH &G =Q VRQW EHDX
UBXLHW XQ I10X[ H[RJpQLTXH GH PpWDO SUREDEOHPHQW

XOWUDEDVLTXHV REGXFWpHV j OD PrPH SpULRGH DX QRUG
SOBXH DUDER DIULFDLQH DYHF OD SODTXH HXUDVLHQQH /i
K{WH GH OfXUDQLXP HW GHV WHUUHV UDUHV /YDQDO\VH

SHUPLVY GH PRQWUHU OHXU pYROXWLRQ GHSXLV OH V
S\URPpWDPRUSKLTXH MXVTXfj OfDOWpUDWLRQ VXSHUJqQH
GH OfDSDWLWH ORUV GX S\URPpWDPRUSKLVPH HW GH O
GLVSRVLWLRQ SRXU OD IRUPDWLRQ GH PLQpUDOLVDWLR
FRPEXVWLRQ GHV QLYHDX[ ULFKHV HQ PDWLQUH RUJDQLTX}
DSDWLWHY HW GH OD IRUPDWLRQ GH URFKHV GH FRP.
FOLQNHU 3RUWODQG /fXUDQLXP D pJDOHPHQW pWp OLEpU
VXSHUJQQH /{DOWpPUDWLRQ PpWpRULTXH HW OHV IOXLGHV
WUDQVSRUW GHV pOpPHQWYV 8 9 GHV URFKHV FDUERQDWQ
D FRQGXLW DX GpS{W GHV YDQDGDWHVY GIXUDQ\OHV GDQV
GLVVROXWLRQ LPSRUWDQWH

ORWYV FRPpGDQLH FHQWUDOH *URXSH %HOTD ODDVWULFKWL
FRQGLWLRQV UHGR[ SKRVSKDWHV XUDQLXP S\URPpWDPRL
VXSHUJqQQHY DOWpUpV WA\X\DPXQLWH VWUHONLQLWH

$EVWWKFWGLITHUHQW OLWKRORJLHV RI WKH %HOTD *URXS S
UHGR[ VHQVLWLYH HOHPHQWYV 7KH 8 &NR RWR) VER LY HQQUD
GHSRVLWLRQ LQ VXER[LF FRQGLWLRQV +RZHYHU WKH KLJ
H[RJHQLF PHWDO IOX[ SUREDEO\ UHODWHG WR WKH WHUUF
GXULQJ WKH FROOLVLRQ EHWZHHQ $IWEAD Q BUW E LB IQ WKHG \
UHJLRQ DW WKH VDPH WLPH 3KRVSKDWHV DUH WKH PDLQ
HOHPHQWY 7KH DQDO\VLV Rl WKH DSDWLWHV E\ ODVHU DE
WKH VHGLPHQWDU\ GLDJHQHWLF DQG S\URPHWDPRUSKLF V\
XUDQLXP OLERMWEWLRSDWLWH VWUXFWXUH GXULQJ WKH S\
ZHDWKHULQJ OHG WR LWV DYDLODELOLW\ DV VXSHUJHQH R
IURP WKH FRPEXVWLRQ RI RUJDQLF ULFK OD\HUV DQG FDXV
WKIRUPDWLRQ RI URFNV ZKLFK KDYH FRPSRVLWLRQV VLPLO|
KDV EHHQ DOVR UHOHDVHG IURP WKH VWUXFWXUH RI WKFH
ZHDWKHULQJ DQG WKH HYDSRULWLF JURXQGZDWHU UHVXO
HOHPHQWY 8 9 IURP WKH PHWDPRUSKLF FDUERQDWHG KL
OLPHVWRQH ZKLFK KDV XQGHUJRQH GLVVROXWLRQ LQ WKH

.H\ ZRUBWQWUDO -RUGDQ %HOTD *URXS ODDVWULFKWLDQ
SKRVSKDWHYV XUDQLXP S\URPHWDPRUSKLVP FDUERQDW
OLPHVWRQHV W\X\DPXQLWH VWUHONLQLWH
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