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5HFHLYHG�1RYHPEHU���������
7KH�VKDSH�IRUPDWLRQ�UHJXODULWLHV�RI�=Q:2��VFLQWLOODWLRQ�FU\VWDOV�JURZQ�DORQJ�WKH�>���@DQG� >���@� GLUHFWLRQV� E\� WKH� ORZ�WHPSHUDWXUH�JUDGLHQW� &]RFKUDOVNL� WHFKQLTXH� KDYH� EHHQ

VWXGLHG��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�LQFUHDVLQJ�FU\VWDOOL]DWLRQ�VSHHG�LV�DFFRPSDQLHG�E\�WKH
GHYHORSPHQW�RI�IDFHWHG�VKDSHV�DW�WKH�FU\VWDOOL]DWLRQ�IURQW��7KH�LQFOXVLRQ�IUHH�FU\VWDOV�FDQ
EH�JURZQ�ZLWK�ERWK�FRPSOHWHO\�URXQGHG�RU�FRPSOHWHO\�IDFHWHG�VROLG�OLTXLG�LQWHUIDFH��ZKLOH
WKH�FRH[LVWHQFH�RI�IDFHWHG�DQG�URXQGHG�VXUIDFHV�PD\�UHVXOW�LQ�FDSWXULQJ�LQFOXVLRQV�DW�WKHLU
ERXQGDULHV�� 7KH� LQFOXVLRQ�IUHH�=Q:2�� FU\VWDOV� RI� ���PP�GLDPHWHU� DQG� WKH� OHQJWK�XS� WR����PP�KDYH�EHHQ�JURZQ��$EVRUSWLRQ�VSHFWUD�RI�WKH�FU\VWDOV�SULRU�WR�DQG�DIWHU�DQQHDOLQJ
KDYH�EHHQ�PHDVXUHG��)RU�WKH�VDPSOHV�RI�����DQG� O ���PP�VL]H��WKH�HQHUJ\�UHVROXWLRQ�RI
�����IRU�JDPPD�UDGLDWLRQ�ZLWK�WKH�HQHUJ\�RI�����NH9�KDV�EHHQ�REWDLQHG�
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7KH� LQWHUHVW� LQ� ]LQF� WXQJVWDWH� =Q:2��=:2�� FU\VWDOV� LV� LQFUHDVHG� UHFHQWO\�GXH� WR
WKH�SRWHQWLDO�RI�WKLV�VFLQWLOODWRU�DV�D�WDUJHW
PDWHULDO� LQ� FU\RJHQLF� ERORPHWHUV� IRU� UDUH
HYHQW� VHDUFK� >����@�� 0RUHRYHU�� ]LQF� WXQJ�
VWDWH� LV� H[SHFWHG� WR� EH� DQ� DOWHUQDWLYH� WR
KLJKO\�WR[LF�&G:2��ZKLFK�KDV�RQO\�VOLJKWO\EHWWHU� OLJKW� \LHOG�� $W� WKH� VDPH� WLPH�� KLJK�
TXDOLW\� FU\VWDOV� RI� ]LQF� WXQJVWDWH� DUH� VWLOO
FRPPHUFLDOO\� XQDYDLODEOH�� WKRXJK� WKH� IHD�
WXUHV�RI�WKHLU�JURZWK�KDG�EHHQ�XQGHU�LQYHV�
WLJDWLRQ�ORQJ�DJR�>����@��7KH�JURZWK�RI�=:2
FU\VWDOV�LV�FRPSOLFDWHG�GXH�WR�WKH�YRODWLOLW\

RI�WKH�PHOW��PRUHRYHU��WKH�WUHQG�WR�FUDFNLQJ
DORQJ�WKH�FOHDYDJH�SODQH�������IRUPV�D�EDU�
ULHU�WR�DQ�LQFUHDVH�LQ�FU\VWDO�VL]H��7KHUH�DUH
VWLOO�RQO\�IHZ�ZRUNV�UHSRUWLQJ�WKH�JURZWK�RI
KLJK�TXDOLW\�FU\VWDOV�>�@��

7KH� JRDO� RI� WKH� SUHVHQW� ZRUN� ZDV� WR
VWXG\�WKH�SRWHQWLDOV�RI�WKH�ORZ�WHPSHUDWXUH
JUDGLHQW�&]RFKUDOVNL�WHFKQLTXH��/7*�&]��IRU
JURZLQJ� RI� KLJK�TXDOLW\� ODUJH�VL]HG� =Q:2�FU\VWDOV�� ,Q� WKLV� PHWKRG� GHYHORSHG� DW� WKH
$�1LNRODHY�,QVWLWXWH�RI�,QRUJDQLF�&KHPLVWU\
�1,,&��� WKH� JUDGLHQWV� LQ� WKH� PHOW� ZHUH� GH�
FUHDVHG� WR� D� OHYHO� RI� DERXW� �� .�FP� >����@�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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(YDSRUDWLRQ�RI�WKH�PHOW�FRPSRQHQWV�FDXVLQJ
XVXDOO\�WKH�VWRLFKLRPHWU\�GLVWRUWLRQV�LV�VXS�
SUHVVHG� E\� NHHSLQJ� WKH� FU\VWDO� GXULQJ� WKH
ZKROH�SURFHVV�LQ�D�FUXFLEOH�FORVHG�ZLWK�D�OLG
IXUQLVKHG�ZLWK�D�SLSH�VRFNHW�WKURXJK�ZKLFK
D� URG� RI� WKH� VHHG�KROGHU� LV� LQWURGXFHG� LQWR
FU\VWDOOL]DWLRQ� VSDFH�� ,Q� DGGLWLRQ�� WKH� PHOW
QHYHU�JHWV�RYHUKHDWHG�EHFDXVH�WKH�PHOW�WHP�
SHUDWXUH� DOPRVW� FRLQFLGHV�ZLWK� WKH�PHOWLQJ
SRLQW�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� /7*� &]
WHFKQLTXH�KDV�EHHQ�VXFFHVVIXOO\�XVHG�EHIRUH
LQ�1,,&� WR�JURZ�&G:2�� FU\VWDOV� VLPLODU� LQ
WKH�JURZWK�EHKDYLRU�WR�=Q:2��>�@�7KH� =Q:2�� FU\VWDOV� ZHUH� JURZQ� LQ� DQXSJUDGHG� +;���� SXOOHU� ZLWK� ZHLJKLQJ
PRQLWRULQJ� DQG� FRPSXWHUL]HG� SURFHVV� FRQ�
WURO�� $� WKUHH�]RQH� UHVLVWDQFH� IXUQDFH� ZLWK
WKUHH� LQGHSHQGHQW� WHPSHUDWXUH� FRQWURO� FLU�
FXLWV� ZDV� XVHG� DV� D� KHDWHU�� 7KH� FU\VWDOV
ZHUH�JURZQ�LQ�DLU�XVLQJ�SODWLQXP�FUXFLEOHV�RI
��� PP� GLDPHWHU� DQG� ���� DQG� ���� PP
KHLJKW��/RVV�IRU�PHOW�HYDSRUDWLRQ�GXULQJ�WKH
JURZWK�SURFHVV�GLG�QRW�H[FHHG�����ZW����

,QLWLDO� PDWHULDOV�� ,VRPRUSKRXV� HQWHULQJ
RI�VXFK�LPSXULWLHV�DV�)H��&R��0Q��DQG�RWKHU
WUDQVLWLRQ� PHWDO� LRQV� LQ� =Q:2�� ODWWLFH
PDNHV�UH�FU\VWDOOL]DWLRQ�LQHIIHFWLYH�DV�D�ZD\
WR�LPSURYH�WKH�FU\VWDO�TXDOLW\��VR�WKH�LQLWLDO
PDWHULDOV� PXVW� EH� RI� KLJK� SXULW\�� ,Q� WKLV
ZRUN�� ZH� XVHG� DV� LQLWLDO� UHDJHQWV� VSHFLDO
SXULW\� JUDGH�:2�� V\QWKHVL]HG� DW� 1,,&� >�@DQG�+3�JUDGH�=Q2� �����������SURGXFHG�E\
8PLFRUH� �%HOJLXP��� 7KH� PDMRU� LPSXULW\� LQ
:2�� ZDV� VLOLFRQ�� LWV� FRQWHQW� UHDFKLQJ
��� SSP�� 7KH� FRQFHQWUDWLRQV� RI� WUDQVLWLRQ
PHWDOV� �&U�� &R�� 0Q�� 1L�� LQ� WXQJVWHQ� R[LGH
GLG� QRW� H[FHHG� ���� SSP�� $FFRUGLQJ� WR� WKH
FHUWLILFDWH�RI�WKH�PDQXIDFWXUHU��WKH�FRQWHQW
RI� WKH� PDMRU� FRPSRQHQW� LQ� ]LQF� R[LGH� ZDV
���������� WKH�FRQFHQWUDWLRQV�RI� LPSXULWLHV
3E������ SSP�� &G����� SSP�� RWKHU� PHWDOV
PD[LPXP� �� SSP�� $FFRUGLQJ� WR� WKH� RXU
DQDO\VLV�UHVXOWV��WKH�DFWXDO�FRQWHQW�RI�LPSX�
ULW\� PHWDOV� LQ� ]LQF� R[LGH� ZDV� FRQVLGHUDEO\
ORZHU�� H[FHSW� IRU� &D� ��� SSP��� 7KH� VROLG�
SKDVH� V\QWKHVLV� ZDV� FDUULHG� RXW� GLUHFWO\
ZLWKLQ� WKH� FU\VWDO� JURZWK� V\VWHP�� 7KH
FKDUJH�XVH�IDFWRU�UHDFKHG�������

0RUSKRORJLFDO� IHDWXUHV�� 7KH� HIIHFW� RI
JURZWK� FRQGLWLRQV� RQ� WKH� PRUSKRORJ\� DQG
TXDOLW\� RI�=Q:2�� FU\VWDOV�ZDV� LQYHVWLJDWHGDW� WKHLU� SXOOLQJ� LQ� WKH� >���@�� >���@�� >���@
GLUHFWLRQV� ZLWKLQ� WKH� FU\VWDOOL]DWLRQ� VSHHG
UDQJH�RI�����WR���PP�K�DQG�URWDWLRQ�VSHHGV
RI� �� WR� ��� USP�� 7KH� YDULDWLRQ� LQ� URWDWLRQ
IUHTXHQF\� ZLWKLQ� WKH� LQGLFDWHG� UDQJH�� DV
ZHOO� DV� WKH� DSSOLFDWLRQ� RI� UHYHUVH� URWDWLRQ�
KDV� EHHQ� HVWDEOLVKHG� WR� KDYH� QR� HVVHQWLDO
HIIHFW� RQ� WKH� JURZWK� SURFHVV�� 8VLQJ� WKH

WHPSHUDWXUH� UHGLVWULEXWLRQ� EHWZHHQ� WKH
KHDWHU� VHFWLRQV�� LW� LV� SRVVLEOH� WR� YDU\� WKH
JURZWK�IURQW�VDJ�ZLWKLQ�D�EURDG�UDQJH��WKH
LWV� VKDSH� VLPLODULW\� EHLQJ� UHWDLQHG�� $� VSH�
FLILF� IHDWXUH� RI� WKH� ]LQF� WXQJVWDWH� FU\VWDO
PRUSKRORJ\� DW� ORZ�WHPSHUDWXUH�JUDGLHQW� LQ
WKH�FDVH�RI�FRQYH[�JURZWK�IURQW�LV�WKH�FRH[�
LVWHQFH� RI� URXQGHG� DQG� GHYHORSHG� IDFHWHG
VKDSHV�� )RU�=Q:2�� JURZWK� DORQJ� WKH� >���@GLUHFWLRQ��WKH�IDFHV�RI�SLQDFRLG�^���`��^���`
DQG�SULVP�^���`�DUH�REVHUYHG�DW�WKH�FU\VWDO�
OL]DWLRQ� IURQW�� )RU� JURZWK� DORQJ� WKH� >���@
GLUHFWLRQ�� WKH� IDFHV� RI� WKH� SULVP� ^���`� DQG
SLQDFRLG�^���`�DUH�REVHUYHG�

,W� ZDV� IRXQG� WKDW� WKH� FU\VWDOOL]DWLRQ
VSHHG� XQGHU� FRQVWDQW� WHPSHUDWXUH� JUDGLHQW
FRQGLWLRQV�KDV�D�GHWHUPLQDWLYH�HIIHFW�RQ�WKH
UHODWLRQ� EHWZHHQ� WKH� IDFHWHG� DQG� URXQGHG
VKDSHV�� )RU� LQVWDQFH�� IRU� JURZWK� DORQJ
>���@��DQ�LQFUHDVH�LQ�FU\VWDOOL]DWLRQ�VSHHG�LV
DFFRPSDQLHG� E\� WKH� DSSHDUDQFH� RI� RI� SLQD�
FRLG� ^���`� DQG� SULVP� ^���`� IDFHWV� RQ� WKH
LQLWLDOO\�URXQGHG�JURZWK�IURQW��$V�WKH�FU\V�
WDOOL]DWLRQ� VSHHG� LQFUHDVHV�� WKH� ^���`� IDFHW
PD\�RFFXS\�DOPRVW�WKH�ZKROH�IURQW��,Q�WKLV
VLWXDWLRQ��WKH�FU\VWDO�PD\�EHFRPH�WR�EH�IODW�
WHQHG�GXH�WR�WKH�GHYHORSPHQW�RI�WKH�ODWHUDO
SLQDFRLG�^���`�IDFHWV��$�IXUWKHU�LQFUHDVH�LQ
FU\VWDOOL]DWLRQ� VSHHG� LV� DFFRPSDQLHG� E\� WKH
IRUPDWLRQ�RI�PDFUR�VWHSV�RQ�WKH�IURQW�FDXV�
LQJ� D� SRO\FU\VWDOOLQH� JURZWK�� $� SKRWR�
JUDSKLF� LPDJH� RI� WKH� FU\VWDO� ZLWK� URXQGHG
SHULSKHU\�DW�WKH�IURQW�DQG�WKH�������IDFHW�LQ
WKH�FHQWHU�LV�VKRZQ�LQ�)LJ�����$�W\SLFDO�HYR�
OXWLRQ� RI� WKH� FU\VWDOOL]DWLRQ� IURQW� VKDSH� LV
VKRZQ�VFKHPDWLFDOO\�LQ�)LJ����

)RU�JURZWK�DORQJ�WKH�>���@�DQG�>���@�GL�
UHFWLRQV�� WKH� WUHQG� WR� LQFUHDVH� WKH� DUHD� RI
IDFHWHG� VKDSHV� DW� WKH� JURZWK� IURQW� LV� FRQ�
VHUYHG� DW� LQFUHDVLQJ� FU\VWDOOL]DWLRQ� VSHHG�
KRZHYHU��LW� LV� LPSRVVLEOH�WR�DYRLG�FRPSOHWHO\
WKH�URXQGHG�VKDSHV�SUHFHGLQJ�WKH�DSSHDUDQFH
RI� PDFUR�VWHSV�� $W� WKH� ERXQGDULHV� EHWZHHQ

)LJ�����=Q:2��FU\VWDO�ZLWK�WKH�������IDFHW�LQWKH�FHQWHU�RI�FU\VWDOOL]DWLRQ�IURQW�URXQGHG�DW
WKH�SHULSKHU\�
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WKH�IDFHWHG�JURZWK�VKDSHV�ZLWK�WKH�URXQGHG
RQHV�DW�WKH�FU\VWDOOL]DWLRQ�IURQW��FDSWXUH�RI
PDFUR�LQFOXVLRQV� H[WHQGHG� DORQJ� WKH� GLUHF�
WLRQ�>���@�PD\�RFFXU��)LJ�����

7KH� FU\VWDOV� IUHH� RI� LQFOXVLRQV� FDQ� EH
VXFFHVVIXOO\� REWDLQHG� LQ� WKH� FDVH� RI�JURZWK
HLWKHU� ZLWK� FRPSOHWHO\� URXQGHG� IURQW� RU
ZLWK� FRPSOHWHO\� IDFHWHG� RQH�� 7KH� EHVW� UH�
VXOWV� ZHUH� REWDLQHG� IRU� WKH� =Q:2�� JURZWKDORQJ� WKH� >���@� GLUHFWLRQ� ZLWK� D� IODW� IURQW
IRUPHG�E\�WKH�^���`�SODQH��8QGHU�WKHVH�FRQ�
GLWLRQV�� LQFOXVLRQ�IUHH� =Q:2�� FU\VWDOV� RI��� PP� GLDPHWHU� DQG� XS� WR� ���� PP� ORQJ
ZHUH�JURZQ�E\�PHDQV�RI�/7*�&]�� ,W�VKRXOG
EH� QRWHG� WKDW� WKHVH� GLPHQVLRQV� DUH� OLPLWHG
E\�WKH�WHFKQLFDO�FKDUDFWHULVWLFV�RI�WKH�HTXLS�
PHQW�XVHG��:H�GLG�QRW�HQFRXQWHU�DQ\�HVVHQ�
WLDO� GLIILFXOWLHV� LQ� IXUWKHU� LQFUHDVH� RI� FU\V�
WDOV�VL]H�

6FLQWLOODWLRQ� DQG� RSWLFDO� FKDUDFWHULVWLFV�
7KH�FU\VWDOV�IRU�WKH�LQYHVWLJDWLRQV�ZHUH�RE�
WDLQHG� E\� D� VLQJOH� FU\VWDOOL]DWLRQ�� 7KH� DV�
JURZQ�FU\VWDOV�ZHUH�VOLJKWO\�URVH�WLQWHG��WKH
WLQW�GLVDSSHDUHG�DOPRVW�FRPSOHWHO\�DIWHU�WKH
SRVW�JURZWK� DQQHDOLQJ�� 7KH� DQQHDOLQJ� ZDV
FDUULHG� RXW� LQ� R[\JHQ� DWPRVSKHUH� IRU
���KRXUV�DW�����&��

7KH� VSHFWUD� RI� FRPSOHWH� LQWHUQDO� RSWLFDO
ORVVHV� LQ� ]LQF� WXQJVWDWH� ZHUH� PHDVXUHG
XVLQJ�D�6KLPDG]X�89������VSHFWURSKRWRPH�
WHU�DQG�D����PP�KLJK�VDPSOH�RI����PP�LQ
GLDPHWHU�� 7KH� DEVRUSWLRQ� ZDV� PHDVXUHG� LQ
WKH�VDPSOH�FHQWUDO�SDUW�DQG�DW�LWV�SHULSKHU\
SULRU� WR� DQG� DIWHU� DQQHDOLQJ�� ,W� LV� VHHQ� LQ
)LJ���� UHSUHVHQWLQJ� WKH� UHVXOWV� RI�PHDVXUH�
PHQWV� WKDW� DIWHU� DQQHDOLQJ�� WKH� DEVRUSWLRQ
LQ� WKH� EDQG� ZLWK� D� PD[LPXP� DW� ���� QP

�WKDW�LV��DURXQG�RI�WKH�VFLQWLOODWLRQ�HPLVVLRQ
VSHFWUXP� PD[LPXP�� LV� GHFUHDVHG� E\� PRUH
WKDQ� RQH� GHFLPDO� RUGHU� DQG� DPRXQWV
a������FPÜ��DQG�a�����FPÜ��IRU�WKH�FHQWUDO
DQG� SHULSKHUDO� SDUWV� RI� WKH� VDPSOH�� UHVSHF�
WLYHO\��+RZHYHU�� TXLWH� FRQWUDU\�� DEVRUSWLRQ
LQ�WKH�EDQG�DGMDFHQW�WR�WKH�IXQGDPHQWDO�DE�
VRUSWLRQ�HGJH��ZKLFK�DV�D�UXOH�FKDUDFWHUL]HV
WKH� VWUXFWXUDO� SHUIHFWLRQ� DQG� RUGHULQJ� RI
WKH� PDWHULDO�� LV� LQFUHDVHG�� ,W� VKRXOG� EH
QRWHG� WKDW� LQ� WKLV� VSHFWUDO� UHJLRQ�� WKH� DE�
VRUSWLRQ� DW� WKH� SHULSKHU\� RI� QRQ�DQQHDOHG
VDPSOH� LV� FRQVLGHUDEO\� KLJKHU� WKDQ� LQ� LWV
FHQWHU�� $IWHU� DQQHDOLQJ�� WKH� GLIIHUHQFH� LQ
DEVRUSWLRQ�VSHFWUD�RI�WKH�FU\VWDO�FHQWUDO�DQG
SHULSKHUDO�SDUWV�EHFRPHV�QHJOLJLEO\�VPDOO��

)LJ����� 6FKHPDWLF� LPDJH� RI� WKH� UHODWLRQV� EH�
WZHHQ� WKH� IDFHWHG�DQG�URXQGHG�VKDSHV�DW�WKH
JURZWK� IURQW� GHSHQGLQJ� RQ� FU\VWDOOL]DWLRQ
VSHHG�9FU��*URZLQJ�GLUHFWLRQ��>���@�

)LJ����� 7KH� ]RQH� RI� PDFUR�LQFOXVLRQV� DW� WKH
ERXQGDU\� EHWZHHQ� IDFHWHG� DQG� URXQG� JURZWK
VKDSHV��3ODQH�������

)LJ�����6SHFWUDO�GHSHQGHQFHV�RI�FRPSOHWH�RSWL�
FDO� ORVVHV� LQ�=Q:2��SULRU�WR� �������DQG�DIWHUDQQHDOLQJ� �������UHFRUGHG�LQ�WKH�FHQWHU��VROLG
OLQH��DQG�DW�WKH�SHULSKHU\��GRWWHG�OLQH��RI�WKH
FU\VWDO�

(�1�*DODVKRY�HW�DO����*URZLQJ�RI�=Q:2�����
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7KH� OLJKW� \LHOG� DQG� HQHUJ\� UHVROXWLRQ
ZHUH� PHDVXUHG� DIWHU� DQQHDOLQJ� XVLQJ� D
���PP�KLJK�F\OLQGHU�RI����PP�LQ�GLDPHWHU�
7KH� FRQWDFW� VXUIDFH� RI� WKH� VDPSOH�ZDV�SRO�
LVKHG� DQG� FRXSOHG� ZLWK� SKRWRPXOWLSOLHU
+DPDPDWVX� 5��������� RWKHU� VXUIDFHV� ZHUH
JURXQG�DQG�FRYHUHG�ZLWK�D�UHIOHFWLQJ�VFUHHQ
PDGH�RI�WKH��0�90�����ILOP��7KH�VKDSLQJ
WLPH�ZDV� ��� PV�� $W� URRP� WHPSHUDWXUH�� HQ�
HUJ\� UHVROXWLRQ� RI� ��� �� ZDV� REWDLQHG� IRU
����NH9�JDPPD�TXDQWD��

&\OLQGULFDO� HOHPHQWV� RI� =Q:2�� ����Ü
���u���PP�� ZHUH� WUDQVIHUUHG� IRU� IXUWKHU
FKDUDFWHUL]DWLRQ�WR�WKH�,QVWLWXWH�IRU�1XFOHDU
5HVHDUFK��1DWLRQDO�$FDGHP\� RI� 6FLHQFHV� RI
8NUDLQH��.LHY��DQG�WR�WKH�0D[�3ODQFN�,QVWL�
WXWH��0XQLFK���
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