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7KH HSLWKHOLXP RI WKH VNLQ DQG RUDO FDYLW\ LV
VWUDWLILHG VTXDPRXV LQ W\SH LQ PDPPDOV� 7KH
XSSHU DQG ORZHU VXUIDFHV RI WKH WRQJXH DUH
DOVR FRYHUHG E\ VWUDWLILHG VTXDPRXV HSLWKHOL�
XP� 2Q WKH XSSHU VXUIDFH WKH PXFRVD VKRZV
QXPHURXV VPDOO SURWXEHUDQFHV� FDOOHG SDSLOODH�
)RXU W\SHV RI SDSLOODH DUH SUHVHQW� )LOLIRUP
SDSLOODH� IXQJLIRUP SDSLOODH� FLUFXPYDOODWH SD�
SLOODH DQG IROLDWH SDSLOODH� $OO SDSLOODH FRQWDLQ
QXPHURXV VHQVRU\ QHUYH HQGLQJV IRU WRXFK�
WDVWH EXGV DUH DVVRFLDWHG ZLWK DOO� H[FHSW WKH
ILOLIRUP SDSLOODH���� 7KH SDSLOODH DUH YDULDEOH LQ
UHODWLYH SURSRUWLRQ DQG ORFDOLVDWLRQ LQ GLIIHUHQW
JHQHUD DQG VSHFLHV� )ROLDWH SDSLOODH DUH
UXGLPHQWDU\ LQ KXPDQV EXW ZHOO GHYHORSHG LQ
UDEELWV�� 0RUSKRORJLFDO DQG KLVWRORJLFDO IHDWX�
UHV RI PDQ\ WLVVXHV DUH FORVHO\ UHODWHG WR WKH
HQYLURQPHQW LQ ZKLFK WKH RUJDQLVPV OLYH� ,Q
WKH SUHVHQW VWXG\� ZH LQYHVWLJDWHG WKH JURVV

DQG ILQH VWUXFWXUH RI WKH GRUVDO OLQJXDO
HSLWKHOLXP RI WKH IURJ� 5DQD ULGLEXQGD� 5DQD

ULGLEXQGD LV DQ DPSKLELDQ DQG LW XVHV LWV
WRQJXH ZKLOH FDWFKLQJ IRRGV��

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

6L[ IURJV �WKUHH PDOHV DQG WKUHH IHPDOHV� ZHUH
XVHG LQ WKH SUHVHQW VWXG\� 7KH DQLPDOV ZHUH
VDFULILFHG E\ GHFDSLWDWLRQ DQG WKH DQWHULRU
SDUWV RI WKHLU WRQJXHV ZHUH H[FLVHG DQG FXW
LQWR SLHFHV� 7KHVH ZHUH IL[HG LQ �� JOXWHU�
DOGHK\GH EXIIHUHG ZLWK ��� 0 1D+�32��
1D+32� �S+ ��������� DQG SRVWIL[HG LQ ����
RVPLXP WHWUR[LGH EXIIHUHG ZLWK ��� 0
1D+�32��1D+32� �S+ ��������� 6SHFLPHQV
ZHUH GHK\GUDWHG LQ DFHWRQH DQG HPEHGGHG LQ
$UDOGLWH &< ���� 6HPL WKLQ VHFWLRQV ZHUH
VWXGLHG ZLWK WROXLGLQ EOXH� 8OWUDWKLQ VHFWLRQV

7KH VWUXFWXUH RI WKH GRUVDO OLQJXDO HSLWKHOLXP RI WKH IURJ� 5DQD ULGLEXQGD ZDV
LQYHVWLJDWHG E\ OLJKW DQG WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\� ,UUHJXODU� XQGXODQW SDSLOODH
ZHUH GLVWULEX�WHG RYHU WKH HQWLUH GRUVXP RI WKH WRQJXH� 7KHVH SDSLOODH ZHUH OLQHG E\
SVHXGRVWUDWLILHG FROXPQDU RU VRPHWLPHV VLPSOH FROXPQDU HSLWKHOLXP� (OHFWURQ
PLFURVFRS\ UHYHDOHG WKDW� HSLWKHOLXP RI WKH SDSLOODH ZDV FRPSRVHG RI VHYHUDO NLQGV RI
FHOOV� HOHFWURQGHQVH JUDQXODU FHOOV� PXFXV FHOOV� DQG FLOLDWHG FHOOV� *UDQXODU FHOOV ZHUH
ORFDWHG RYHU DOO WKH SDSLOODU HSLWKHOLXP� DQG WKHVH FHOOV FRQWDLQHG QXPHURXV
HOHFWURQGHQVH JUDQXOHV DQG D IHZ HOHFWURQOXFHQW YDFXROHV� ,Q DGGLWLRQ WR WKHVH JUDQXODU
FHOOV� D QXPEHU RI FLOLDWHG FHOOV WKDW FRQWDLQHG FLOLD DQG PLFURYLOOL ORFDWHG RQ WKHLU IUHH
VXUIDFH� DQG PXFXV FHOOV WKDW FRQWDLQHG PXFXV JUDQXOHV LQ DOPRVW DOO WKH F\WRSODVP
ZHUH ORFDWHG ZLWKLQ WKH HSLWKHOLXP� 7KH SXUSRVH RI WKLV VWXG\ ZDV WR FODULI\ WKH
F\WRORJLFDO DQG KLVWRORJLFDO VWUXFWXUH RI WKH GRUVDO OLQJXDO HSLWKHOLXP RI 5DQD ULGLEXQGD�
.H\ ZRUGV� )URJ� OLQJXDO HSLWKHOLXP� DQG HOHFWURQ PLFURVFRS\

5DQD ULGLEXQGD¶QÕQ GRUVDOGLO HSLWHOLQLQ LQFH \DSÕVÕ

%LU NXUED÷D W�U� RODQ 5DQD ULGLEXQGD¶QÕQ GRUVDO OLQJXDO HSLWHOLQLQ \DSÕVÕ ÕúÕN YH HOHNWURQ
PLNURVNRSLN RODUDN LQFHOHQGL� 'LOLQ E�W�Q GRUVDO \�]�QGH G�]HQVL]� GDOJDOÕ úHNLOOL
SDSLOODODU EXOXQPDNWD\GÕ� %X SDSLOODODU \DODQFÕ oRN NDWOÕ SUL]PDWLN� ED]HQ WHN NDWOÕ
SUL]PDWLN HSLWHO LOH G|úHOL\GL� (OHNWURQ PLNURVNRSLN RODUDN� SDSLOODU HSLWHOLQ HOHNWURQ \R÷XQ
JUDQ�OHU K�FUHOHU� PXNXV K�FUHOHUL� VLOOL K�FUHOHU JLEL oHúLWOL K�FUHOHUGHQ \DSÕOÕ ROGX÷X
J|]OHQGL� 3DSLOODU HSLWHOGH oRN VD\ÕGD HOHNWURQ \R÷XQ JUDQ�OOHU YH D] HOHNWURQ O�VHQW
YDNXROOHU LoHUHQ JUDQ�OO� K�FUHOHU EXOXQPDNWD\GÕ� (SLWHOGH EX K�FUHOHUH LODYHWHQ�
\�]H\LQGH VLOOHU YH PLNURYLOOXVODU LoHUHQ VLOOL K�FUHOHU YH KHPHQ KHPHQ E�W�Q VLWRSOD]PDVÕ
PXNXV JUDQ�OOHUL LOH GROX PXNXV K�FUHOHUL \HU DOPDNWD\GÕ� dDOÕúPDPÕ]ÕQ DPDFÕ� 5DQD
ULGLEXQGD¶QÕQ GRUVDO OLQJXDO HSLWHOLQLQ VLWRORMLN YH KLVWRORMLN \DSÕVÕQÕ D\GÕQODWPDNWÕU�
$QDKWDU NHOLPHOHU� .XUED÷D� OLQJXDO HSLWHO� HOHNWURQ PLNURVNRSL�
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ZHUH VWDLQHG ZLWK XUDQ\O DFHWDWH DQG OHDG
FLWUDWH DQG H[DPLQHG LQ D -(2/����6; HOHFWURQ
PLFURVFRSH�

5(68/76

0DQ\ SDSLOODH ZHUH REVHUYHG RQ WKH GRUVDO
OLQJXDO VXUIDFH RI 5DQD ULGLEXQGD E\ OLJKW
PLFURVFRS\ RI VHPL�WKLQ VHFWLRQV RI $UDOGLGH
HPEHGGHG PDWHULDO� 7KHVH SDSLOODH ZHUH QRW
KRPRORJRXV WR WKH W\SLFDO SDSLOODH LQ PDP�
PDOV� 7KHVH LUUHJXODU� XQGXODQW DQG JHQHUDOO\
EUDQFKLQJ SDSLOODH ZHUH GLVWULEXWHG RYHU WKH
HQWLUH GRUVXP RI WKH WRQJXH� 7KH FRQQHFWLYH
WLVVXH SHQHWUDWHG WKH FHQWHU RI HDFK SDSLOOD�
7KHVH SDSLOODH ZHUH OLQHG E\ SVHXGRVWUDWLILHG
FROXPQDU RU VRPHWLPHV VLPSOH FROXPQDU HSL�
WKHOLXP� ,W ZDV REVHUYHG WKDW WKH HSLWKHOLXP RI
WKH SDSLOODH ZDV FRPSRVHG RI VHYHUDO NLQGV RI
FHOOV� HOHFWURQ�GHQVH JUDQXODU FHOOV� PXFXV
FHOOV DQG FLOLDWHG FHOOV� :H LQYHVWLJDWHG ILQH
VWUXFWXUH RI WKHVH FHOOV LQ WKLV VWXG\� :H FRXOG
QRW VHH WKH WDVWH EXGV ZLWKLQ WKLV HSLWKHOLXP�
7KH FROXPQDU FHOOV WKDW FRQWDLQHG PDQ\ JUD�
QXOHV GHQVHO\ VWDLQHG E\ WROXLGLQ EOXH RFFXSLHG
WKH ODUJH SDUW RI WKH HSLWKHOLXP� (DFK FHOO
UHVWHG RQ WKH EDVDO ODPLQD DQG DSLFDO SRUWLRQV
RI PDQ\ RI WKHVH FHOOV UHDFKHG WKH IUHH VXUIDFH
DJDLQVW WKH RUDO FDYLW\� 7KH QXFOHL ZHUH ORFDWHG
EDVDOO\� /DUJH FHOOV� LQ ZKLFK DOPRVW DOO WKH
F\WRSODVP ZDV ILOOHG ZLWK PXFXV� ZHUH VFDW�
WHUHG DPRQJ JUDQXODU FHOOV� 7KH PXFXV FRQ�
WHQW RI WKHVH FHOOV ZDV VWDLQHG EOXH E\ WROXLGLQ
EOXH� 7KH IODWWHQHG QXFOHL ZHUH ORFDWHG LQ WKH
EDVDO SDUW RI WKH FHOOV� 7KH FRQQHFWLYH WLVVXH RI
WKH ODPLQD SURSULD FRQWDLQHG PDQ\ FDSLOODULHV
�)LJXUHV ���� EXW D IHZ QHUYH ILEHUV�

(OHFWURQ PLFURVFRS\ UHYHDOHG WKDW� FROXPQDU
JUDQXODU FHOOV FRQWDLQHG D ODUJH QXPEHU RI
HOHFWURQ�GHQVH JUDQXOHV DQG D IHZ HOHFWURQ�
OXFHQW YDFXROHV� 7KH JUDQXOHV ZHUH REVHUYHG
PDLQO\ LQ WKH DSLFDO F\WRSODVP� 6RPH RI WKH
JUDQXOHV ZHUH URXQGHG RU URG�VKDSHG� EXW
PRVW JUDQXOHV ZHUH LUUHJXODU LQ VKDSH� ,Q
DGGLWLRQ WR WKHVH JUDQXOHV� WKHVH FHOOV RIWHQ
FRQWDLQHG D VPDOO QXPEHU RI HOHFWURQ�OXFHQW
YDFXROHV �)LJXUHV ����� 6RPH HOHFWURQ�OXFHQW
YDFXROHV ZHUH VHHQ MXVW EHQHDWK WKH IUHH
VXUIDFH RI WKH FHOO� 7KH XQLW PHPEUDQH RI
WKHVH YDFXROHV ZDV IXVHG ZLWK WKH SODVPD
PHPEUDQH �)LJXUH ��� 7KH YDFXROHV ZHUH
ORFDWHG DGMDFHQW WR WKH JUDQXOHV �)LJXUHV �����

7KH HOHFWURQ OXFHQW YDFXROHV ZHUH VHHQ WR
FRQWDLQ HOHFWURQ�GHQVH DUHDV LQ WKHLU SHULSKH�
UDO UHJLRQV RU DWWDFKHG WR WKH HOHFWURQ�GHQVH
JUDQXOHV �)LJXUH ��� $ ZHOO GHYHORSHG URXJK
HQGRSODVPLF UHWLFXOXP� PDQ\ ULERVRPHV DQG
PLWRFKRQGULD ZHUH GLVSHUVHG LQ WKH F\WRSODVP
DURXQG WKH HOHFWURQ�GHQVH JUDQXOHV �)LJXUHV ��
��� 6SDUVH PLFURYLOOL ZHUH ORFDWHG RQ WKH IUHH
VXUIDFH RI VRPH FHOOV �)LJXUH ��� 7KH ODWHUDO
FHOO VXUIDFHV IDFLQJ DGMDFHQW FHOOV KDUERUHG
PDQ\ FHOOXODU SURFHVVHV �)LJXUHV ����� 0DQ\
GHVPRVRPHV LQWHUFDODWHG RQ WKH DGMDFHQW VXU�
IDFHV RI QHLJKERXULQJ FHOOV �)LJXUHV �����

)LJXUH �� ,UUHJXODU� XQGXODQW DQG JHQHUDOO\ EUDQFKLQJ SDSLOODH DUH
GLVWULEXWHG RYHU WKH HQWLUH GRUVXP RI WKH WRQJXH� 7KH FRQQHFWLYH
WLVVXH RI ODPLQD SURSULD �/S� SHQHWUDWHV WKH FHQWHU RI WKH SDSLOODH�
7KHVH SDSLOODH DUH OLQHG E\ SVHXGRVWUDWLIHG FROXPQDU RU VRPHWLPHV
VLPSOH FROXPQDU HSLWKHOLXP �(�� $ FDSLOODU\ �F� FRQWDLQLQJ
QXFOHDWHG HU\WKURF\WHV LV REVHUYHG EHQHDWK WKH HSLWKHOLXP�
7ROXLGLQ EOXH[���

)LJXUH �� (OHFWURQ�GHQVH JUDQXODU FHOOV DQG PXFXV FHOOV DUH
REVHUYHG ZLWKLQ WKH HSLWKHOLXP 7KH ODUJH SDUW RI WKH HSLWKHOLXP LV
RFFXSLHG E\ WKH FROXPQDU FHOOV WKDW FRQWDLQ PDQ\ JUDQXOHV GHQVHO\
VWDLQHG E\ WROXLGLQ EOXH �*�� /DUJH FHOOV� LQ ZKLFK DOPRVW DOO WKH
F\WRSODVP LV ILOOHG ZLWK PXFXV� �0� DUH VFDWWHUHG DPRQJ JUDQXODU
FHOOV� $ FDSLOODU\ �F� LV REVHUYHG LQ WKH FRQQHFWLYH WLVVXH� 7ROXLGLQ
EOXH[���

&ROXPQDU FLOLDWHG FHOOV FRQWDLQLQJ PDQ\ NLQR�
FLOLD DQG ORQJ EUDQFKLQJ PLFURYLOOL RQ WKHLU
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H[WHULRU VXUIDFHV ZHUH VFDWWHUHG DPRQJ WKH
JUDQXODU FHOOV ZLWKLQ WKH HSLWKHOLXP �)LJXUH ���
-XVW EHQHDWK WKH IUHH VXUIDFH RI WKH FHOOV�
EDVDO ERGLHV FRXOG EH UHFRJQLVHG� &LOOLDU\ URRW�
OHV ZHUH GLVWULEXWHG WKURXJKRXW WKH DSLFDO
F\WRSODVP �)LJXUH ��� 7KH QXFOHXV ZDV VRPHWL�
PHV LUUHJXODU LQ VKDSH �)LJXUHV ����� 0LWR�
FKRQGULD DQG ULERVRPHV ZHUH ZLGHO\ GLVWULEX�
WHG LQ WKH F\WRSODVP� $ VPDOO QXPEHU RI HOHF�
WURQ�GHQVH JUDQXOHV ZHUH VHHQ HVSHFLDOO\ LQ
WKH DSLFDO SDUW RI WKH F\WRSODVP �)LJXUHV �����

/DUJH PXFXV FHOOV� ZKLFK ZHUH FOHDUO\ YLVLEOH
E\ OLJKW PLFURVFRS\� ZHUH ORFDWHG EHWZHHQ WKH
JUDQXODU FHOOV �)LJXUHV ����� $ ODUJH SDUW RI WKH
F\WRSODVP RI PXFXV FHOOV ZDV ILOOHG ZLWK PXFXV
JUDQXOHV� 7KH QXFOHXV ZDV ORFDWHG LQ WKH EDVDO
SDUW RI HDFK FHOO �)LJXUH ��� 7KH PXFXV JUD�
QXOHV ZHUH RI YDU\LQJ GHJUHH RI HOHFWURQ GHQ�
VLW\� $ ZHOO�GHYHORSHG URXJK VXUIDFHG HQGR�
SODVPPLF UHWLFXOXP DQG PDQ\ PLWRFKRQGULD
ZHUH GLVWULEXWHG PDLQO\ LQ WKH F\WRSODVP
DURXQG WKH QXFOHXV �)LJXUHV �����

)LJXUH �� *UDQXODU DQG FLOLDWHG FHOOV DUH REVHUYHG� *UDQXODU FHOOV
FRQWDLQ D ODUJH QXPEHU RI HOHFWURQ�GHQVH JUDQXOHV �J� DQG D IHZ
HOHFWURQ�OXFHQW YDFXROHV �Y�� 1XFOHXV �QF� LV ORFDWHG EDVDOO\� 7KH
JUDQXOHV DUH REVHUYHG PDLQO\ LQ WKH DSLFDO F\WRSODVP� 6RPH RI
WKHP DUH URXQGHG RU URG�VKDSHG� EXW PRVW JUDQXOHV DUH LUUHJXODU
LQ VKDSH� 6RPH HOHFWURQ�OXFHQW YDFXROHV DUH VHHQ MXVW EHQHDWK WKH
IUHH VXUIDFH RI WKH FHOO �DUURZ�� $ ZHOO�GHYHORSHG URXJK HQGR�
SODVPLF UHWLFXOXP �*U� LV REVHUYHG� 7KH ODWHUDO FHOO VXUIDFHV IDFLQJ
DGMDFHQW FHOOV ERUH PDQ\ FHOOXODU SURFHVVHV �GRXEOH DUURZ�KHDG��
&ROXPQDU FLOLDWHG FHOOV FRQWDLQLQJ PDQ\ NLQRFLOLD �N� DQG ORQJ
EUDQFKLQJ PLFURYLOOL RQ WKHLU H[WHULRU VXUIDFHV DUH VFDWWHUHG DPRQJ
WKH JUDQXODU FHOOV� 0LWRFKRQGULD DQG ULERVRPHV DUH ZLGHO\ GLVWUL�
EXWHG LQ WKH F\WRSODVP� $ VPDOO QXPEHU RI HOHFWURQ�GHQVH JUDQXOHV
�J� LV VHHQ HVSHFLDOO\ LQ WKH DSLFDO SDUW RI WKH F\WRSODVP� 8UDQ\O
DFHWDWH DQG OHDG FLWUDWH [ ������

7KHUH ZHUH QR KLVWRORJLFDO GLIIHUHQFHV EHW�
ZHHQ PDOHV DQG IHPDOHV ZLWK UHJDUG WR WKH
SUHVHQW UHVXOWV�

)LJXUH �� *UDQXODU DQG FLOLDWHG FHOOV DUH REVHUYHG� *UDQXODU FHOOV
FRQWDLQ D ODUJH QXPEHU RI HOHFWURQ�GHQVH JUDQXOHV �J� DQG D IHZ
HOHFWURQ�OXFHQW YDFXROHV �Y�� 6RPH RI WKH JUDQXOHV DUH URG�VKDSHG�
EXW PRVW JUDQXOHV DUH LUUHJXODU LQ VKDSH� 6RPH HOHFWURQ�OXFHQW
YDFXROHV DUH VHHQ QH[W WR WKH JUDQXOHV� $ ZHOO�GHYHORSHG URXJK
HQGRSODVPLF UHWLFXOXP �*U� LV REVHUYHG� 7KH ODWHUDO FHOO VXUIDFHV
IDFLQJ DGMDFHQW FHOOV ERUH PDQ\ FHOOXODU SURFHVVHV �DUURZ�� $
GHVPRVRPH ORFDWHG EHWZHHQ JUDQXODU DQG FLOLDWHG FHOO LV VHHQ
�GRXEOH DUURZKHDG�� 0LWRFKRQGULD �P� DQG ULERVRPHV DUH ZLGHO\
GLVWULEXWHG LQ WKH F\WRSODVP� $ VPDOO QXPEHU RI HOHFWURQ�GHQVH
JUDQXOHV �J� DQG O\VRVRPHV �/� DUH VHHQ HVSHFLDOO\ LQ WKH DSLFDO
SDUW RI WKH F\WRSODVP� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH [ ������

',6&866,21

7KH HQYLURQPHQW WKDW WKH PHPEHUV RI WKH
JHQHUD DQG VSHFLHV OLYH LQ PD\ EH GLIIHUHQW LQ
PDQ\ UHVSHFWV� 7KHVH GLIIHUHQFHV PLJKW EH H[�
SHFWHG WR DIIHFW WKH PRUSKRORJLFDO DQG KLVWROR�
J\FDO IHDWXUHV RI PDQ\ WLVVXHV� (úUHIR÷OX HW DO�

UHSRUWHG VRPH LPSRUWDQW KLVWRORJLFDO GLIIHUHQW�
FHV LQ WKH VNLQ RI WKH ILVK DQG IURJ� 7KH\ RE�
VHUYHG PXFXV FHOOV LQ WKH HSLGHUPLV RI WKH ILVK
DQG PXFRXV DQG SRLVRQ JODQGV LQ WKH GHUPLV
RI WKH IURJ�

,Q PDPPDOV� DOPRVW DOO RI WKH OLQJXDO HSLWKH�
OLXP LV FRPSRVHG RI VWUDWLILHG VTXDPRXV HSL�
WKHOLXP� DQG YDULRXV GHJUHHV RI NHUDWLQL]DWLRQ
RI WKH HSLWKHOLXP KDYH EHHQ REVHUYHG�������� %\
FRQWUDVW� QR NHUDWLQL]DWLRQ RI DQ\ VRUW FRXOG EH
UHFRJQLVHG LQ WKH OLQJXDO HSLWKHOLXP RI WKH
5DQD ULGLEXQGD LQ RXU VWXG\� ,QVWHDG� WKH HSL�
WKHOLXP ZDV FRPSRVHG RI VHYHUDO NLQGV RI
FHOOV� JUDQXODU FHOOV� PXFXV FHOOV DQG FLOLDWHG
FHOOV� 7KLV REVHUYDWLRQ LPSOLHV WKDW� WKH OLQJXDO
GRUVDO HSLWKHOLXP RI 5DQD ULGLEXQGD PD\ EH
FRPSRVHG RI FHOOV WKDW DUH PRUSKRORJLFDOO\ VL�
PLODU WR WKH HSLWKHOLDO FHOOV RI WKH HVRSKDJXV RI
5DQD ULGLEXQGD DQG WUDFKHD RI PDPPDOV�
&LOLDWHG FHOOV DQG PXFXV FHOOV DUH ORFDWHG LQ WKH
HVRSKDJXV HSLWKHOLXP RI WKH 5DQD ULGLEXQGD�
6PDOO DQG ODUJH LQWHVWLQHV RI 5DQD ULGLEXQGD
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KDYH PDQ\ JREOHW FHOOV DV LQ WKH PDPPDOLDQ
LQWHVWLQHV����

)LJXUH �� 7KH DSLFDO F\WRSODVP RI WKH JUDQXODU FHOO� 0DQ\
HOHFWURQ�GHQVH JUDQXOHV �J� DQG D IHZ HOHFWURQ�OXFHQW YDFXROHV �Y�
DUH REVHUYHG� 6RPH HOHFWURQ�OXFHQW YDFXROHV DUH VHHQ MXVW EHQHDWK
WKH IUHH VXUIDFH RI WKH FHOO� 7KH HOHFWURQ OXFHQW YDFXROHV DUH VHHQ
WR FRQWDLQ HOHFWURQ�GHQVH DUHDV LQ WKHLU SHULSKHULF UHJLRQV �DUURZ�
RU DWWDFKHG WR WKH HOHFWURQ�GHQVH JUDQXOHV� $ ZHOO GHYHORSHG URXJK
HQGR�SODVPLF UHWLFXOXP �*U�� PDQ\ ULERVRPHV �U� DQG PLWRFKRQ�
GULD �P� DUH GLVSHUVHG LQ WKH F\WRSODVP DURXQG WKH HOHFWURQ�GHQVH
JUDQXOHV� $ GHVPRVRPH LV VHHQ RQ WKH DGMDFHQW VXUIDFHV RI QHLJK�
ERXULQJ FHOOV �GRXEOH DUURZKHDG�� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH [
������

3DSLOODH DUH FRPSRVHG RI HSLWKHOLXP DQG FRQ�
QHFWLYH WLVVXH RI ODPLQD SURSULD�� ,Q WKH SUH�
VHQW VWXG\ ZH REVHUYHG LUUHJXODU� XQGXODQW
DQG JHQHUDOO\ EUDQFKLQJ SDSLOODH RYHU WKH
HQWLUH GRUVXP RI WKH WRQJXH� 7KHVH ZHUH
PRUSKRORJLFDOO\ GLIIHUHQW IURP WKDW RI WKH
PDPPDOV� 6LPLODU SDSLOODH KDYH EHHQ REVHUYHG
LQ 5DQD UXJRVD DQG 5DQD FDWHVEHLDQD� %XW
WKHVH SDSLOODH ZHUH GHVFULEHG DV ILOLIRUP RU
IXQJLIRUP SDSLOODH����� ,Q WKH SUHVHQW VWXG\ ZH
REVHUYHG WKDW WKH HSLWKHOLXP RI WKH SDSLOODH
ZDV SVHXGRVWUDWLILHG FROXPQDU RU VLPSOH
FROXPQDU LQ W\SH� :H FRXOG QRW VHH WKH WDVWH
EXGV ZLWKLQ WKLV HSLWKHOLXP� 7KH VHQVH RI WDVWH
LQ IURJV LQYROYHV SDSLOODU\ DQG QRQSDSLOODU\
UHFHSWRUV� 7KH ILUVW DUH ORFDWHG RQ WKH DSH[ RI
WKH IXQJLIRUP SDSLOODH RQ WKH GRUVDO VXUIDFH RI
WKH WRQJXH� 1RQSDSLOODU\ UHFHSWRUV DUH ORFDWHG
RQ WKH IORRU RI WKH PRXWK DQG RQ WKH SDODWH���
7KH VHQVRULDO DUHD RU VHQVRU\ GLVF LQFOXGLQJ
PXFRXV� VXSSRUWLQJ DQG QHXURHSLWKHOLDO FHOOV LV
ORFDWHG RQ WKH IUHHWRS RI WKH IXQJLIRUP SDSLOOD
RI 5DQD UXJRVD� FDWHVEHLDQD� QLJURPDFXODWD�

HVFXODQWD DQG %XIR MDSRQLFXV� 7KLV DUHD LV
KRPRORJRXV WR WKH WDVWH EXGV RI PDP�
PDOV������ 7KHUH DUH VRPH FRPSHUDWLYH VWXGLHV
RQ VRPH VSHFLHV RI 5DQD DQG %XIR LQ RUGHU WR
HVWDEOLVK WKH H[WHQW RI VLPLODULWLHV DQG GLIIH�
UHQFHV RI WKH WDVWH FHOOV� 7KH VWUXFWXUHV UHODWHG

WR WKH WDVWH VHQVH KDYH VRPH PRUSKRORJLFDOO\
DQG KLVWRORJLFDOO\ GLIIHUHQW IHDWXUHV������ ,Q
IURJV� VHQVRULDO DUHD LV VHSDUDWHG IURP WKH
ODWHUDO ZDOO RI WKH IXQJLIRUP SDSLOOD E\ FLOLDWHG
FHOOV��� ,Q 5DQD� FLOLDWHG FHOOV DUH VHHQ RQ WKH
VXUIDFH RI WKH ILOLIRUP SDSLOODH DQG LQ WKH DUHD
VXUURXQGLQJ WKH VHQVRU\ GLVF�� :H FRXOG QRW
REVHUYH WKH VHQVRULDO DUHD LQ WKH GRUVDO OLQJXDO
HSLWKHOLXP LQ 5DQD ULGLEXQGD� 7KH VHQVRULDO
DUHD LV ULFKO\ LQQHUYDWHG E\ QHUYHV� 7DVWH EXGV
DQG VHQVRULDO GLVFV UHFHLYH D QXPEHU RI
VHQVRU\ ILEHUV� $ VHQVRU\ QHUYH ILEHU QRW RQO\
EUDQFKHV EHIRUH HQWHULQJ WKH SDSLOOD EXW LW DOVR
EUDQFKHV FORVH WR WKH VHQVRU\ GLVF ZKHUH LWV
WHUPLQDO EUDQFKHV FRQWDFW PRUH WKDQ RQH
VHQVRU\ FHOO��� :H REVHUYHG UDUH QHUYH ILEHUV
DQG V\QDSVHV ZLWKLQ WKH HSLWKHOLXP� 7KHVH
PD\ EH LQYROYHG LQ WKH PHFKDQRUHFHSWRU
IXQFWLRQ�

)LJXUH �� $SLFDO F\WRSODVP RI WKH FLOLDWHG FHOO� &ROXPQDU FLOLDWHG
FHOOV FRQWDLQ PDQ\ NLQRFLOLD �N� DQG ORQJ EUDQFKLQJ PLFURYLOOL �PY�
RQ WKHLU H[WHULRU VXUIDFHV� -XVW EHQHDWK WKH IUHH VXUIDFH RI WKH
FHOOV� EDVDO ERGLHV �EE� FDQ EH UHFRJQLVHG� &LOOLDU\ URRWOHVV �5R� DUH
GLVWULEXWHG WKURXJKRXW WKH DSLFDO F\WRSODVP� 0LWRFKRQGULD �P� DQG
ULERVRPHV DUH ZLGHO\ GLVWULEXWHG LQ WKH F\WRSODVP� $ VPDOO QXPEHU
RI HOHFWURQ�GHQVH JUDQXOHV �J� DUH VHHQ HVSHFLDOO\ LQ WKH DSLFDO SDUW
RI WKH F\WRSODVP� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH [ ������

*UDQXODU� PXFXV DQG FLOLDWHG FHOOV KDYH EHHQ
REVHUYHG LQ VRPH JHQHUD DQG VSHFLHV RI WKH
IURJ���������� 7KH HOHFWURQ�GHQVH JUDQXOHV ORFD�
WHG LQ WKH F\WRSODVP RI WKH JUDQXODU FHOOV PD\
EH DQDORJRXV WR VHURXV JUDQXOHV IRXQG LQ WKH
VDOLYDU\ JODQGV RI PDPPDOV� EXW PD\ EH
PXFRXV RU RWKHU W\SHV RI JUDQXOHV�������� 7KHUH
DUH WZR SRVVLEOH H[SODQDWLRQV IRU WKH SUHVHQFH
RI HOHFWURQ�GHQVH JUDQXOHV LQ WKH ZKROH SDSLO�
ODU HSLWKHOLXP� RQH LV WKDW WKH\ PD\ EH VHURXV
RU PD\ EH LPPDWXUH IRUPV RI WKH PXFXV
JUDQXOHV����� 7KH PXFXV JUDQXOHV DUH YDULDEOH
LQ GHQVLW\� \RXQJHU JUDQXOHV DUH UHODWLYHO\



)LQH VWUXFWXUH RI WKH GRUVDO OLQJXDO HSLWKHOLXP RI WKH IURJ� UDQD ULGLEXQGD
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GHQVHU�� :H REVHUYHG PXFXV JUDQXOHV RI
YDU\LQJ GHJUHHV RI HOHFWURQ GHQVLW\� %XW ZH
WKLQN WKDW WKH HOHFWURQ�GHQVH JUDQXOHV DUH XQ�
UHODWHG WR WKH PXFXV JUDQXOHV EHFDXVH ZH
IRXQG QR HYLGHQFH RI DQ\ WUDQVLWLRQDO VWDJHV
H[LVWLQJ EHWZHHQ WKH HOHFWURQ�GHQVH JUDQXOHV
DQG WKH PXFXV JUDQXOHV LQ WKH JUDQXODU FHOOV�
$GGLWLRQDOO\� PRUSKRORJ\ RI JUDQXODU FHOOV DQG
PXFXV FHOOV ZHUH GLIIHUHQW� 7KXV� ZH VXJJHVW
WKDW WKHVH JUDQXOHV DUH VHURXV JUDQXOHV� 7KH
JUDQXOHV LQ 5DQD HVFXODQWD FRQWDLQ ERWK
PXFRXV VXEVWDQFH DQG SURWHLQ���

)LJXUH �� $ ODUJH SDUW RI WKH F\WRSODVP RI PXFXV FHOOV LV ILOOHG ZLWK
PXFXV JUDQXOHV �PJ� RI YDU\LQJ GHJUHH RI HOHFWURQ GHQVLW\� 7KH
QXFOHXV �QF� LV ORFDWHG LQ WKH EDVDO SDUW RI WKH FHOO� 0DQ\
PLWRFKRQGULD �P� DUH GLVWULEXWHG PDLQO\ LQ WKH F\WRSODVP DURXQG
WKH QXFOHXV� /DPLQD SURSULD �/S� LV REVHUYHG EHQHDWK WKH EDVDO
PHPEUDQH� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH [ ������

)LJXUH �� $ ODUJH SDUW RI WKH F\WRSODVP RI PXFXV FHOOV LV ILOOHG ZLWK
PXFXV JUDQXOHV RI YDU\LQJ GHJUHH RI HOHFWURQ GHQVLW\� HOHFWURQ�
GHQVH �HG� DQG HOHFWURQ�OXFHQW �HO� ( ZHOO�GHYHORSHG URXJK HQGR�
SODVPLF UHWLFXOXP �*U� LV REVHUYHG LQ WKH EDVDO SDUW RI WKH FHOO�
8UDQ\O DFHWDWH DQG OHDG FLWUDWH [ ������

,W LV NQRZQ WKDW WKH VHURXV JODQGV RI PDPPDOV
VHFUHWH RU GLVFKDUJH FRQWHQWV RI VHURXV JUD�
QXOHV WKURXJK H[RF\WRVLV� 7KH PHPEUDQH RI

WKH JUDQXOH IXVHV ZLWK WKH SODVPD PHPEUDQH
DW WKH OXPHQ RI LQWHUFHOOXODU FDQDOLFXOXV� ZLWK
VXEVHTXHQW RSHQLQJV RI WKH UHJLRQ IRUPHG E\
WKH IXVHG PHPEUDQHV� 'LUHFW GLVFKDUJH RI WKH
FRQWHQWV RI HOHFWURQ�GHQVH JUDQXOHV LQWR WKH
RUDO FDYLW\ KDV QRW EHHQ REVHUYHG LQ 5DQD

UXJRVD DQG 5DQD FDWHVEHLDQD�������� ,W LV SRV�
VLEOH WKDW DIWHU VRPH HOHFWURQ�GHQVH JUDQXOHV
KDYH GLVDJUHJDWHG WR IRUP DQ HOHFWURQ�OXFHQW
YDFXROH� WKH FRQWHQWV RI WKH HOHFWURQ�OXFHQW
YDFXROH DUH GLVFKDUJHG LQWR WKH RUDO FDYLW\ E\
H[RF\WRVLV� ,Q 5DQD FDQFULYRUD� JUDQXOHV DUH
GLVFKDUJHG LQ DQ HOHFWURQ�GHQVH RU HOHFWURQ�
OXFHQW IRUP��� ,Q RXU VWXG\ ZH REVHUYHG PDQ\
HOHFWURQ�GHQVH JUDQXOHV MXVW EHQHDWK WKH SODV�
PD PHPEUDQH� 7KHUH ZHUH VRPH HOHFWURQ�
OXFHQW YDFXROHV QH[W WR WKH JUDQXOHV� 6RPH
YDFXROHV ZHUH VHHQ WR FRQWDLQ HOHFWURQ�GHQVH
DUHDV LQ WKHLU SHULSKHUDO UHJLRQV RU DWWDFKHG WR
WKH HOHFWURQ�GHQVH JUDQXOHV� 7KH HOHFWURQ�
GHQVH JUDQXOHV PD\ EH VHFUHWHG GLUHFWO\ LQWR
WKH RUDO FDYLW\ LQ DQ XQFKDQJHG IRUP� RU DV
JUDQXOHV ZLWK PL[HG HOHFWURQ�GHQVH DQG OXFHQW
DUHDV� ,QVWHDG� LW VHHPV OLNHO\ WKDW DIWHU VRPH
HOHFWURQ�GHQVH JUDQXOHV DJJUHJDWH WR IRUP DQ
HOHFWURQ�OXFHQW YDFXROH� WKH FRQWHQWV RI WKH
HOHFWURQ�OXFHQW YDFXROHV DUH GLVFKDUJHG LQWR
WKH RUDO FDYLW\ E\ H[RF\WRVLV� 7KLV VFKHPH IRU
VHFUHWLRQ RI WKH FRQWHQWV RI WKH JUDQXOHV LV
VLPLODU WR WKH UDSLG VHFUHWLRQ RI WKH FRQWHQWV RI
VHURXV JUDQXOHV LQ WKH VDOLYDU\ JODQGV RI
PDPPDOV� DV LW RFFXUV DIWHU VWLPXODWLRQ ZLWK
SKDUPDFRORJLFDO DJHQWV���

:H WKLQN WKDW WKH PXFXV FHOOV DUH HTXLYDOHQW WR
WKH *REOHW FHOOV ORFDWHG LQ WKH JDVWUR�LQWHVWLQDO
WUDFW DQG UHVSLUDWRU\ WUDFW� 7KHVH FHOOV DUH
REVHUYHG LQ WKH GRUVDO OLQJXDO HSLWKHOLXP RI
5DQD FDWHVEHLDQD� QLJURPDFXODWD� HVFXODQWD����

DQG LQ %XIR MDSRQLFXV�� $ WKLFN PXFXV OD\HU
FRYHUV WKH VXUIDFH RI WKH WRQJXH LQ IURJV���
7KLV LV VHFUHWHG E\ WKH PXFXV FHOOV� :H
VXJJHVW WKDW PXFXV PDNHV DQ XQSHUPHDEOH
EDUULHU DJDLQVW WKH ZDWHU DQG IDFLOLWDWHV WKH
FDWFKLQJ RI LQVHFWV�

0XFXV� VHFUHWHG IURP PXFXV FHOOV LV UHPRYHG
IURP WKH VXUIDFH RI WKH HSLWKHOLXP ZLWK WKH
DFWLYH FLOOLDU\ PRYHPHQWV RI WKH NLQRFLOLD RI WKH
FLOLDWHG FHOOV ORFDWHG DGMDFHQW WR WKH PXFXV
FHOOV���� :H REVHUYHG FLOLDWHG FHOOV FRQWDLQLQJ
PDQ\ NLQRFLOLD RQ WKHLU H[WHUQDO VXUIDFH
DGMDFHQW WR WKH PXFXV FHOOV� 7KH ULQJ RI WKH



(úUHIR÷OX YH DUN
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FLOLDWHG FHOOV VXUURXQGLQJ WKH VHQVRULDO DUHD
VKRZV YHU\ DFWLYH FLOLDU\ PRYHPHQW LQ IURJV�
7KXV LW LV DEOH WR FOHDQ WKH VHQVRULDO DUHD LQ
RUGHU WR DYRLG D SDSLOODU VHQVRULDO LQDFWLYDWLRQ�
IRU H[DPSOH WR D PXFRXV VXEVWDQFH������

7R WKH EHVW RI RXU NQRZOHGJH� WKLV LV WKH ILUVW
XOWUDVWUXFWXUDO VWXG\ DERXW WKH GRUVDO OLQJXDO
HSLWKHOLXP RI 5DQD ULGLEXQGD� 7KH OLJKW DQG
XOWUDVWUXFWXUDO IHDWXUHV RI WKH HSLWKHOLXP RI WKH
WRQJXH LQ IURJV DUH KLJKO\ GLIIHUHQW IURP WKRVH
RI WKH PDPPDOV LQ PDQ\ UHVSHFWV�

5()(5(1&(6
�� )DZFHWW ':� %ORRP DQG )DZFHWW� $ 7H[WERRN RI +LVWRORJ\� ��� HG�
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$SOHWRQ DQG /DQJH� ����� ������

�� )DZFHWW ':� -HQVK 53� &RQFLVH +LVWRORJ\� �VW� HG� 1HZ <RUN� &KDSPDQ
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�� ,ZDVDNL 6� 0Õ\DWD .� .RED\DVKL .� )LQH VWUXFWXUH RI WKH GRUVDO OLQJXDO

HSLWKHOLXP RI WKD -DSDQHVH 7RDG� %XIR MDSRQLFXV �$QXUD�%XIRQLGHD�� =RRO
6FLHQFH ����� ��������

�� %LWPLú .� 6XLoPH] 0� 5DQD ULGLEXQGD �$QXUD� 5DQLGDH�¶QLQ VLQGLULP NDQDOÕ
�]HULQH KLVWRORMLN J|]OHPOHU� ;,� 8OXVDO %L\RORML .RQJUHVL ����� ������

�� ,ZDVDNL 6� :DQÕFKDQRQ &� )LQH VWUXFWXUD RI GRUVDO OLQJXDO HSLWKHOLXP RI WKH
IURJ� 5DQD UXJRVD� 7LVVXH DQG &HOO ����� �� �����������

���,ZDVDNL 6,� .RED\DVKL .� )LQH VWUXFWXUH RI WKH GRUVDO OLQJXDO HSLWKHOLXP LQ
WKH %XOOIURJ� 5DQD FDWHVEHLDQD� =RRO 6FLHQFH ����� ���������

���*LRJOLR /� 5DSX]]L *� 'HOO¶RUER &� )LQH VWUXFWXUH RI WKH IXQJLIRUP SDSLOOD LQ
D 5DQLG )URJ �5DQD HVFXODQWD�� -RXUQDO 0RUSKRO ��������������

���*UD]ÕDGHD 33&� 'H+DQ 56� 7KH XOWUDVWUXFWXUH RI IURJV¶ WDVWH RUJDQV� $FWD
$QDW ����� �����������

���,ZDVDNL 6� :DQLFKDQRQ &� $Q XOWUDVWUXFWXUDO VWXG\ RI WKH GRUVDO OLQJXDO
HSLWKHOLXP RI WKH &UDE�HDWLQJ IURJ� 5DQD FDQFULYRUD� -RXUQDO 0RUSKRO �����
���� �������


