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5HFHLYHG�-XQH���������
7KH� FDGPLXP� WXQJVWDWH� FKDUJH� KDV� EHHQ� WHVWHG� E\� PDVV�VSHFWURPHWU\�� 7KH� FKDUJH

FULWHULRQ�TXDOLW\�LV�WKH�DEVHQFH�RI�DPPRQLD�FRQWDLQLQJ�LPSXULWLHV�WKDW�IRUP�DPPRQLD�DQG
K\GUR[LGH�XQGHU�GHFRPSRVLWLRQ��7KH�SUHOLPLQDU\�KHDW�WUHDWPHQW�LQ�DLU�DW�����&�IDYRUV�WKH
UHPRYDO�RI�RUJDQLF�LPSXULWLHV��DPPRQLXP�VDOWV��DQG�K\GUR[LGHV�
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7KH�KLJK�HIILFLHQF\�VFLQWLOODWRUV�EDVHG�RQ
FDGPLXP� WXQJVWDWH� �&G:2��� VLQJOH� FU\VWDOVDUH�XVHG�ZLGHO\�LQ�;�UD\�WRPRJUDSK\��UDGLD�
WLRQ� PRQLWRULQJ� GHYLFHV�� DQG� VSHFWURPHWULF
GHYLFHV� IRU� LRQL]LQJ� UDGLDWLRQ� UHFRUGLQJ�
7KH\� DOVR� DUH� D�PDWHULDO� RI� JRRG� SURVSHFWV
IRU� UHFRUGLQJ� RI� UDUH� SURFHVVHV� LQ� H[SHUL�
PHQWV� LQWHQGHG� WR� VHDUFK� IRU� GRXEOH� EHWD
GHFD\� DQG� GDUN�PDWWHU�� ,Q� WKLV� FRQQHFWLRQ�
WKH�PDQXIDFWXULQJ�RI�VDLG�FU\VWDOV�ZLWK�KLJK
VFLQWLOODWLRQ� FKDUDFWHULVWLFV� LV� DQ� DFWXDO� WDVN�
7KH� SUHVHQW� LPSXULWLHV� �DERXW� ��Ü�� ZW�� ��
PD\� LQIOXHQFH� FRQVLGHUDEO\� WKH� WUDQVPLV�
VLRQ�� OLJKW�\LHOG��HQHUJ\�UHVROXWLRQ��DQG�DI�
WHUJORZ�RI�&G:2��FU\VWDOV�>�@�7KH� FDGPLXP� WXQJVWDWH� FU\VWDOV� JURZQ
E\�&]RFKUDOVNL� WHFKQLTXH� VKRZ� VRPHWLPHV�D
JUHHQLVK� WLQW� >����@�� 7KH� FU\VWDO� FRORUDWLRQ
PD\� EH� DVVRFLDWHG� ZLWK� VHYHUDO� IDFWRUV�� LQ�
FOXGLQJ� WKH� IROORZLQJ�� SUHVHQFH� RI� XQFRQ�
WUROOHG�LPSXULWLHV�>����@��OLJKW�VFDWWHULQJ�RQ
FROORLGDO� SDUWLFOHV� >�@�� WKH� PHOW
VWRLFKLRPHWU\� YLRODWLRQ� GXH� WR� KLJK� YRODWLO�
LW\� RI� FDGPLXP� R[LGH� UHVXOWLQJ� LQ� HQULFK�
PHQW�RI�WKH�PHOW�LQ�WXQJVWHQ�R[LGH�DQG�:2�VHJUHJDWLRQ� DV� D� SKDVH� >�������@�� WKH� WXQJ�
VWHQ�YDOHQFH�ORZHULQJ�GXH�WR�UHGR[�UHDFWLRQV
UXQQLQJ� GXULQJ� WKH� FKDUJH� SUHSDUDWLRQ

DQG�RU� WKH� FU\VWDO� JURZLQJ�� $W� SUHVHQW�
WKHUH�LV�QR�FRPPRQ�RSLQLRQ�DERXW�WKH�DFWXDO
FDXVHV� RI� WKH� FU\VWDO� JUHHQ� FRORU�� 7KH� FRO�
RUDWLRQ�UHVXOWV�PRVW� OLNHO\�IURP�D�FRPELQD�
WLRQ� RI� WKH� DERYH� IDFWRUV�� 7KH� LQLWLDO� VDOWV
DUH� FRQWUROOHG� DV� D� UXOH� IRU� WKH�PHWDO� FRQ�
WHQW��WKH�FDWLRQLF�FRPSRVLWLRQ��ZKLOH�WKH�LP�
SXULW\� DQLRQV� DUH� VHW� DVLGH� GXH� WR� GLIILFXO�
WLHV� LQ� WKH� DQDO\WLFDO� GHWHUPLQDWLRQ�� ,W� KDV
EHHQ� QRWHG� LQ� SUDFWLFH� WKDW� WKH� XVH� RI� UDZ
PDWHULDOV� GLIIHULQJ� LQ� LRQLF� FRPSRVLWLRQ� UH�
VXOWV�LQ�FU\VWDOV�GLIIHULQJ�LQ�FKDUDFWHULVWLFV�
DOWKRXJK� WKH� FRQFHQWUDWLRQV� RI� FDWLRQV� DUH
ZLWKLQ�WKH�DOORZHG�OLPLWV�LQ�DOO�WKH�FDVHV�

7KH�PDVV�VSHFWURPHWULF�PHDVXUHPHQWV�RI
WKHUPDO� GHVRUSWLRQ� DUH� DPRQJ� LQIRUPDWLYH
PHWKRGV� WR� VWXG\�SURFHVVHV� UXQQLQJ�GXULQJ
D� VXEVWDQFH� KHDWLQJ�� %HIRUH�� WKH� WKHUPDO
GHVRUSWLRQ� RI� &G:2�� ZDV� VWXGLHG� ZLWKLQ���Ü����&� WHPSHUDWXUH� UDQJH�� DQG� LW� ZDV
VKRZQ� WKDW� GXULQJ� WKH� KHDWLQJ�� YDFDQFLHV
DUH� SUREDEO\� IRUPHG� LQ� WKH� FDWLRQLF� VXEODW�
WLFH� EXW� QRW� LQ� WKH� R[\JHQ� RQH�� 7KH� LQLWLDO
VDOWV�ZHUH�QRW�VWXGLHG�

7R� XQGHUVWDQG� WKH� SURFHVVHV� UXQQLQJ
GXULQJ� WKH� FDGPLXP� WXQJVWDWH� KHDWLQJ�� LWV
WHVWLQJ� IRU� WKHUPDO� GHVRUSWLRQ� LV� RI� ERWK
VFLHQWLILF�DQG�SUDFWLFDO�LQWHUHVW��7KH�WHVWLQJ
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ZDV�FDUULHG�RXW�E\�PDVV�VSHFWURPHWULF�WHFK�
QLTXH� GHVFULEHG� LQ� >������@� LQ� GHWDLO��7KUHH
VDPSOHV� RI� UDZ�&G:2�� ZHUH� VWXGLHG�� 6DP�
SOH� ���Û� WKH� LQLWLDO� PDWHULDO� UHVXOWLQJ� LQ
JUHHQ�FRORUHG� FU\VWDOV� �WKH� VDOW� V\QWKHVL]HG
IURP� DTXHRXV� VROXWLRQV� RI� FDGPLXP�QLWUDWH
DQG�DPPRQLXP�SDUD�WXQJVWDWH��� 6DPSOH���
Û�WKH�6DPSOH����SUH�WUHDWHG�IRU���K�LQ�DLU
DW�����&��DQG�6DPSOH����Û�WKH�UDZ�PDWH�
ULDO� WKDW� KDV� JLYHQ� D� FRORUOHVV� FU\VWDO� �WKH
VDOW� V\QWKHVL]HG� IURP�R[LGHV� E\� VROLG�SKDVH
WHFKQLTXH��� $OO� WKUHH� VDOW� VDPSOHV� ZHUH
VWRLFKLRPHWULF� DQG� DSSUR[LPDWHO\� RI� WKH
VDPH� FRPSRVLWLRQ� ZLWK� UHVSHFW� WR� FDWLRQLF
LPSXULWLHV��7KH�WRWDO�FRQWHQW�RI�FRQWUROODEOH
LPSXULWLHV� GLG� QRW� H[FHHG� ��Ü��ZW�����7KH
VDPSOHV� WR� EH� VWXGLHG� RI� ��� J� PDVV� ZHUH
ORDGHG� LQWR� D� TXDUW]� DPSRXOH� WKDW� ZDV
HYDFXDWHG�GRZQ�WR���Ü��7RUU�UHVLGXDO�SUHV�
VXUH� DQG� WKHQ� KHDWHG� XS� WR� ����&� DW� WKH
WHPSHUDWXUH� UDLVH� UDWH� RI� ����&� SHU� KRXU�
7KH� JDV� SKDVH� FRPSRVLWLRQ� ZDV� PRQLWRUHG
XVLQJ� DQ� ,3'2��� PDVV�VSHFWURPHWHU�� 7KH
PDVV�VSHFWURPHWULF�PHDVXUHPHQW�UHVXOWV�DUH
SUHVHQWHG�LQ�)LJV���Ü��

$FFRUGLQJ� WR� WKH� H[SHULPHQWDO� GDWD�� WKH
IROORZLQJ�FRPSRXQGV�DUH�UHOHDVHG�GXULQJ�KHDW�
LQJ� RI� WKH� 6DPSOH� ��� �)LJV���� DQG� ���� ZDWHU
ZLWKLQ� WZR� WHPSHUDWXUH� UDQJHV� ���Ü����&
ZLWK� D� PD[LPXP� DW� ����&� DQG� ���Ü����&
ZLWK� D�PD[LPXP�DW�����&���1+�� DQG�+�� DW���Ü����&��1�� DW� ���Ü����&� DV� ZHOO� DV� DWKHDWLQJ� DERYH� ����&�� &2� ZLWKLQ� WHPSHUD�
WXUH� UDQJHV� RI� ���Ü����&� DQG� ���Ü����&�
DQ� LQVLJQLILFDQW� LQFUHDVH� LQ� &2�� FRQWHQWEHLQJ�DOVR�REVHUYHG�DW����Ü����&��K\GURFDU�
ERQV� RI� YDU\LQJ� FRPSRVLWLRQ� DW����Ü����&�
,Q�FRQWUDVW�WR�WKH�6DPSOH�����ZKHQ�WHVWLQJ
WKH� VDOW� 6DPSOH� ��� SUH�WUHDWHG� LQ� DLU�� WKH
IROORZLQJ�SKHQRPHQD�ZHUH�REVHUYHG��)LJV���
DQG� ���� ZDWHU� GHVRUSWLRQ� ZLWKLQ� D� VLQJOH
WHPSHUDWXUH� UDQJH� ����Ü����&��� LQWHQVH�1�UHOHDVH� DERYH� ����&�� &2� UHOHDVH� DW� ���Ü
����&� RQO\� DQG� &2�� UHOHDVH� DW� ��Ü����&DQG����Ü����&��2��UHOHDVH�ZLWKLQ�WKH�ZKROHWHPSHUDWXUH� UDQJH� VWXGLHG�� 7KH� WHVWLQJ� RI
WKH�6DPSOH����KDV�VKRZQ�WKDW�ZDWHU�YDSRU�
FDUERQ� GLR[LGH� DQG� FDUERQ� PRQR[LGH� ZHUH
UHOHDVHG� LQ� WKH� WHPSHUDWXUH� UDQJHV� RI� ��Ü
����&�� ���Ü����&�� DQG� ���Ü����&�� UHVSHF�
WLYHO\��,Q�DGGLWLRQ��VPDOO�DPRXQWV�RI�K\GUR�
JHQ� DQG� K\GURFDUERQV� ZHUH� REVHUYHG� WR� EH
UHOHDVHG�DW����Ü����&�

,W� LV� WR� QRWH� WKDW� ZKHQ� DOO� WKH� 6DPSOHV
���� ��� DQG� �� DUH� KHDWHG� LQ� YDFXXP� DERYH
����&�� D� EODFN� ILOP�ZLWK�PHWDOOLF� JODQFH� LV
GHSRVLWHG� RQWR� FROG� ZDOO� RI� WKH� TXDUW]� DP�
SRXOH�� $FFRUGLQJ� WR� WKH� FKHPLFDO� DQDO\VLV
GDWD��WKH�ILOP�FRQVLVWV�RI�PHWDOOLF�FDGPLXP�

+RZHYHU�� WKH� WUHDWPHQW� RI� WKH� 6DPSOH� ��
UHVXOWHG� LQ� IRUPDWLRQ� RI� VHYHUDO� GDUN� LV�
ODQGV� RQ� WKH� DPSRXOH� ZDOO�� WKH� 6DPSOH���
JDYH�D�FRQWLQXRXV�PLUURU�OLNH�FRDWLQJ�DORQJ
WKH�ZKROH�SHULPHWHU�RI� WKH��Ü���FP�KHLJKW
DPSRXOH�

/HW� XV� FRQVLGHU� WKH� SRVVLEOH� SURFHVVHV
UXQQLQJ� GXULQJ� WKH� FDGPLXP� WXQJVWDWH
KHDWLQJ�

:DWHU� YDSRU� UHOHDVH�� :DWHU� LV� UHOHDVHG
ZLWKLQ�WZR�WHPSHUDWXUH�UDQJHV�����WR�����&
�W\SLFDO�RI�DOO�WKH�VDPSOHV�VWXGLHG��DQG����
WR� ����&� �IRU� WKH� 6DPSOH� ����� 7KH
��Ü����&�UDQJH�LV�ZLGH�HQRXJK�WR�LQWHUSUHW
WKH� ZDWHU� UHOHDVH�� )LUVW� RI� DOO�� DGVRUEHG
ZDWHU�PROHFXOHV� DUH� UHPRYHG� IURP�WKH�FDG�
PLXP� WXQJVWDWH� SDUWLFOH� VXUIDFH�� 7KLV� K\�
SRWKHVLV� LV� FRQILUPHG� E\� WKH� IDFW� WKDW� VDLG

)LJ����� 9DULDWLRQ� RI� WKH� WRWDO� SUHVVXUH� ���� DQG
SDUWLDO�SUHVVXUHV�RI�+�2� �����1�� ����DQG�1+�� ���GXULQJ�KHDWLQJ�RI�WKH�6DPSOH����VDOW�LQ�YDFXXP�

)LJ�����9DULDWLRQ�RI�WKH�WRWDO�SUHVVXUH�����DQG
SDUWLDO�SUHVVXUHV�RI�+�2�����DQG�1������GXULQJKHDWLQJ�RI�WKH�6DPSOH����VDOW�LQ�YDFXXP�

)LJ����� 9DULDWLRQ� RI� WKH� SDUWLDO� SUHVVXUHV� RI�+������&2������&2�������2������DQG�K\GURFDUERQV����GXULQJ�KHDWLQJ�RI�WKH�6DPSOH����VDOW�LQ�YDFXXP�
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WHPSHUDWXUH�UDQJH�LV�W\SLFDO�RI�DOO�WKH�VDP�
SOHV� WHVWHG�� ,Q� WKH�FDVH�RI� LPSXULWLHV� IRUP�
LQJ� FU\VWDO� K\GUDWHV� �ZKLFK� FDGPLXP� WXQJ�
VWDWH�GRHV�QRW�IRUP���WKH�K\GUDWHV�VKRXOG�EH
GHFRPSRVHG� GXULQJ� WKH� KHDW� SUH�WUHDWPHQW�
VR� D� FKDQJH� LQ� WKH� PHQWLRQHG� WHPSHUDWXUH
UDQJH�VKRXOG�EH�H[SHFWHG��+RZHYHU��WKH�SUH�
WUHDWPHQW� IRU� �� K� DW� ����&� GRHV� QRW� FDXVH
DQ\�YDULDWLRQ�LQ�WKH�ZDWHU�UHOHDVH�FKDUDFWHU
ZLWKLQ�WKH�ILUVW�WHPSHUDWXUH�UDQJH�

:DWHU�UHOHDVH�ZLWKLQ�WKH�VHFRQG�WHPSHUD�
WXUH� UDQJH� ����� WR� ����&�� LV� REVHUYHG� RQO\
IRU� WKH�6DPSOH�����7KDW�UDQJH�FRUUHVSRQGV
WR�GHFRPSRVLWLRQ�RI� WKH� ,,�*URXS�PHWDO�K\�
GUR[LGHV� >��@�� 7KH� SUH�KHDWLQJ� IDYRUV� WKH
GHFRPSRVLWLRQ�RI�K\GUR[LGH�LPSXULWLHV�ZKLOH
QR�ZDWHU�UHOHDVH�LV�REVHUYHG�GXULQJ�WKH�VXE�
VHTXHQW� KHDWLQJ�� 7KXV�� WKH� KHDW� SUH�WUHDW�
PHQW�IDYRUV�WKH�UHPRYDO�RI�K\GUR[LGH�LPSX�
ULWLHV�

1+��� 1�� DQG� +�� UHOHDVH� DW� ���Ü����&�7KHVH� FRPSRXQGV� DUH� UHOHDVHG�� ILUVW� RI� DOO�
DW� WHVWLQJ� RI� WKH� 6DPSOH� ���� 7KLV� IDFW� LV
FRQQHFWHG� LQ� ILUVW� WXUQ� WR� WKH�VDOW� SUHSDUD�
WLRQ� SUH�KLVWRU\� �FDGPLXP� WXQJVWDWH� EHLQJ
REWDLQHG�LQ�DTXHRXV�VROXWLRQ���7KH�V\QWKHVLV
LQ� VROXWLRQ� LV� DFFRPSDQLHG� E\� FDSWXULQJ� RI
WKH�PRWKHU� OLTXRU�DQG�XQUHDFWHG�UDZ�PDWH�
ULDOV�� LQ�SDUWLFXODU��DPPRQLXP�VDOWV�ZKLFK�
EHLQJ� GHFRPSRVHG� DERYH� ����&�� FDXVH� WKH
1+��UHOHDVH��7KH�1��DQG�+��UHOHDVH�DW�WKRVHWHPSHUDWXUHV� LV� GXH� WR� 1+�� GHFRPSRVLWLRQ
>��@�� 7KH� KHDW� SUH�WUHDWPHQW� SURYLGHV� WKH
UHPRYDO�RI�DPPRQLXP�FRQWDLQLQJ�LPSXULWLHV
IURP�WKH�LQLWLDO�FKDUJH�

+\GURFDUERQ� UHOHDVH�� 7KH� SUHVHQFH� RI
VDLG� FRPSRXQGV� LQ� WKH� FRXUVH� RI� FDGPLXP
WXQJVWDWH�KHDWLQJ� HYLGHQFHV� WKH� LQLWLDO� FRQ�
WDPLQDWLRQ� RI� WKH� UDZ� PDWHULDOV� ZLWK� RU�
JDQLF�LPSXULWLHV��7KH�RUJDQLF�LPSXULWLHV�DUH
SUHVHQW�ERWK�LQ�6DPSOH����DQG�6DPSOH����
7KHLU� GHFRPSRVLWLRQ� VWDUWV� DW� WHPSHUDWXUHV
H[FHHGLQJ� ����&� GXH� WR� S\URO\VLV� UHDFWLRQV
ZLWK�IRUPDWLRQ�RI�YDULRXV�K\GURFDUERQV�>��@
�WKH� WRWDO� K\GURFDUERQ� DPRXQWV� DUH� SUH�
VHQWHG� LQ� )LJV���� DQG� ��� FXUYHV� �� DQG� ��
UHVSHFWLYHO\��� 7KH� GHFRPSRVLWLRQ� RI� RUJDQLF
FRPSRXQGV�XQGHU�KHDWLQJ�RI�FDGPLXP�WXQJ�
VWDWH� LV� VLPLODU� WR� WKDW� IRU� VRGLXP� LRGLGH
DQG�LV�FRQVLGHUHG�LQ�GHWDLO�LQ�>��@��)XUWKHU�
PRUH��WKH�S\URO\VLV�SURFHVVHV�PD\�FDXVH�IRU�
PDWLRQ� RI� +��� &2��� &2�� $Q� LQVLJQLILFDQW&2��DQG�&2�UHOHDVH�LV�REVHUYHG�DW����Ü���DQG� ���Ü����&�� UHVSHFWLYHO\� �)LJ������ 7KH
&2�UHOHDVH�ZLWKLQ�WKH�����WR�����&�UDQJH�LV
GXH�PRUH� OLNHO\� WR� FKHPLVRUSWLRQ� >��@��3HU�
KDSV� WKH� K\GURJHQ� UHOHDVH� DOVR� WDNHV� SODFH
DW� WKH� GHFRPSRVLWLRQ� RI� RUJDQLF� LPSXULWLHV
EXW� LWV� DPRXQW� LV� VPDOO� DV� FRPSDUHG� WR� WKDW

IRUPHG� GXH� WR� DPPRQLXP� GHFRPSRVLWLRQ�
7KH� KHDW� SUH�WUHDWPHQW� �6DPSOH� ���� IDYRUV
WKH� FRPSOHWH� R[LGDWLRQ� RI� RUJDQLF� LPSXUL�
WLHV�

1�� UHOHDVH� DERYH� ����&�� 7KH� 1�� UHOHDVHXQGHU�KHDWLQJ�RI�FDGPLXP�WXQJVWDWH�FKDUJH
DERYH� ����&� LV� D� UDWKHU� XQH[SHFWHG� SKH�
QRPHQRQ�� 7KH� QLWURJHQ� UHOHDVH� FKDUDFWHU
DERYH� ����&� LV� HVVHQWLDOO\� LQGHSHQGHQW� RI
WKH�VDPSOH�SUH�KLVWRU\��6DPSOHV����DQG����
DQG� SUH�WUHDWPHQW� �6DPSOH� ����� 3HUKDSV� LW
LV�GXH� WR�GHVRUSWLRQ�RI� WKH�FKHPLVRUEHG�QL�
WURJHQ�IURP�WKH�FDGPLXP�WXQJVWDWH�SDUWLFOH
VXUIDFH�>��@�

7KXV�� EDVLQJ� RQ� WKH� WHVWLQJ� UHVXOWV�� D
TXDOLWDWLYH� GLVWLQFWLRQ� RI� WKH� FKDUJH� FRQ�
VLVWV� LQ� WKH�SUHVHQFH�RI�DPPRQLXP�FRQWDLQ�

)LJ����� 9DULDWLRQ� RI� WKH� SDUWLDO� SUHVVXUHV� RI
+�� ����� &2� ����� &2�� ����� DQG�2�� ���� GXULQJKHDWLQJ�RI�WKH�6DPSOH����VDOW�LQ�YDFXXP�

)LJ�����9DULDWLRQ�RI�WKH�SDUWLDO�SUHVVXUHV�RI�&2
�����&2�� �����+�� ���� DQG�K\GURFDUERQV� ����GXU�LQJ�KHDWLQJ�RI�WKH�6DPSOH����VDOW�LQ�YDFXXP��

)LJ�����9DULDWLRQ�RI�WKH�WRWDO�SUHVVXUH�����DQG
SDUWLDO�SUHVVXUHV�RI�+�2�����DQG�1������GXULQJKHDWLQJ�RI�WKH�6DPSOH����VDOW�LQ�YDFXXP�

'�6�6RIURQRY�HW�DO����0DVV�VSHFWURPHWULF�VWXGLHV����
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LQJ� LPSXULWLHV�GHFRPSRVLQJ�XQGHU�DPPRQLD
IRUPDWLRQ�WKDW�PD\�FDXVH�D�YLRODWLRQ�RI�FDG�
PLXP� WXQJVWDWH� VWRLFKLRPHWU\� DQG� UHGXF�
WLRQ� RI�:�9,�� DV�ZHOO� DV� LQ� WKH� SUHVHQFH� RI
K\GUR[LGHV�GHFRPSRVLQJ�XQGHU�ZDWHU�IRUPD�
WLRQ��7KH�SUHOLPLQDU\�KHDW�WUHDWPHQW�RI�WKH
LQLWLDO� FDGPLXP� WXQJVWDWH� FKDUJH� LQ� DLU� DW
����&� IDYRUV� WKH� FKDUJH� SXULILFDWLRQ� IURP
RUJDQLF� LPSXULWLHV�� DPPRQLXP� VDOWV�� DQG
K\GUR[LGHV�
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