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:H�VWXGLHG�WKH�DWRPLF�VWUXFWXUH�DQG�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�������W\SH�UXWLOH��7L22��WZLQV�IURP�
'LDPDQWLQD�LQ�%UD]LO�E\�HOHFWURQ�PLFURVFRS\�PHWKRGV�WR�UHVROYH�WKH�PHFKDQLVP�RI�WKHLU�IRUPDWLRQ��7KH�
WZLQ�ERXQGDULHV�ZHUH�VWXGLHG�LQ�WZR�SHUSHQGLFXODU�RULHQWDWLRQV�WR�UHYHDO�WKHLU��'�VWUXFWXUH��7KH�SUHV�
HQFH�RI�D�SUHFXUVRU�SKDVH��VXFK�DV�$O�ULFK�K\GUR[\OLDQ�SVHXGRUXWLOH��+35��NOHEHULWH���GXULQJ�WKH�LQLWLDO�
VWDJHV�RI�WKH�FU\VWDOOL]DWLRQ�DSSHDUV�WR�EH�WKH�QHFHVVDU\�FRQGLWLRQ�IRU�WKH�IRUPDWLRQ�RI�������WZLQV�RI�
UXWLOH�DW�WKLV�ORFDOLW\��7KH�SUHFXUVRU�ZLWK�D�WLYDQLWH�W\SH�VWUXFWXUH�VHUYHV�DV�D�VXEVWUDWH�IRU�WKH�WRSRWD[LDO�
FU\VWDOOL]DWLRQ�RI�UXWLOH��'HSHQGLQJ�RQ�WKH�LQLWLDO�FU\VWDOOL]DWLRQ�SDWWHUQ�WKH�UXWLOH�FDQ�JURZ�HLWKHU�DV�
D�VLQJOH�FU\VWDO�RU�DV�D�WZLQ��'XULQJ�WKH�SURJUHVVLYH�FU\VWDOOL]DWLRQ�RI�WKH�UXWLOH�$O�ULFK�R[\K\GUR[LGH�
�GLDVSRUH��Į�$O22+��FOXVWHUV�DUH�FRQFHQWUDWHG�DW�WKH�FHQWHU�RI�WKH�SUHFXUVRU�ZKHUH�WKH\�DUH�SLQQHG�WR�
WKH�WZLQ�ERXQGDU\�DV�WKH�SUHFXUVRU�LV�IXOO\�UHFU\VWDOOL]HG�LQWR�UXWLOH��$W�WKH�LQFUHDVHG�WHPSHUDWXUHV�WKH�
UHPDLQLQJ�GLDVSRUH�SUHFLSLWDWHV�DUH�FRQYHUWHG�WR�FRUXQGXP��Į�$O22����ZKLOH�WKH�WZR�FU\VWDO�GRPDLQV�
FRQWLQXH�WR�JURZ�LQ�WKH�������WZLQ�RULHQWDWLRQ��,Q�DGGLWLRQ�WR�WKH�SULPDU\�������WZLQ��VHULHV�RI�VHFRQGDU\�
^���`�WZLQV�DUH�IRUPHG�WR�DFFRPPRGDWH�WKH�UHVLGXDO�WHQVLOH�VWUHVV�FDXVHG�E\�WKH�GLDVSRUH�WR�FRUXQGXP�
WUDQVIRUPDWLRQ��%DVHG�RQ�WKH�REVHUYHG�FRUXQGXP�UXWLOH�>����@&���2��&__>���@5�����5�DQG�LOPHQLWH�
UXWLOH�>����@,��1���,__>���@5�����5�FU\VWDOORJUDSKLF�UHODWLRQV�D�XQL¿HG�PHFKDQLVP�RI�WKH�JHQHVLV�RI�WKH�
^���`�DQG�^���`�UHWLFXODWHG�VDJHQLWH�WZLQ�FOXVWHUV�LV�SURSRVHG�
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KHUH�DUH�UHSHDWHGO\�WZLQQHG�RQ�^���`�DQG�^���`�SODQHV��IRUP�
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RULJLQ�RI�������WZLQV�IURP�WKLV�ORFDOLW\��'DQHX�HW�DO������E��ZH�
LGHQWLILHG�D�IHZ�QDQRPHWHUV�WKLFN�LQWHUIDFLDO�ODPHOOD�RI�$O�ULFK�
LOPHQLWH��)H7L2����FRKHUHQWO\�LQWHUJURZQ�ZLWK�WKH�WZLQ�LQWHUIDFH��
7KH� ILQH�QDQRVWUXFWXUDO� IHDWXUHV�ZLWKLQ� WKLV� ODPHOOD� LQGLFDWHG�
WKDW� WKH� ������ WZLQV� QXFOHDWHG� RQ� WKH� WLYDQLWH�W\SH�7L�)H�$O�
R[\K\GUR[LGH��ZKLFK�VXEVHTXHQWO\�GHK\GUDWHG�WR�IRUP�LOPHQLWH�
GXULQJ� WKH� FU\VWDOOL]DWLRQ� RI� UXWLOH��7KLV� VWXG\� GHPRQVWUDWHG�
WKDW�WKH�IRUPDWLRQ�RI�������WZLQV�RI�UXWLOH�LV�QRW�DFFLGHQWDO�EXW�
D� FRQVHTXHQFH� RI� WRSRWD[LDO� JURZWK�RQ� D� VWUXFWXUDOO\� UHODWHG�
R[\K\GUR[LGH�SUHFXUVRU�

2Q�WKH�RWKHU�KDQG��YHU\�OLWWOH�LV�NQRZQ�DERXW�WKH�IRUPDWLRQ�
RI�WKH�RWKHU�W\SH�RI�WZLQV�LQ�UXWLOH��L�H���������WZLQV��ZKLFK�DUH�
JHQHUDOO\�HYHQ�PRUH�DEXQGDQW�WKDQ�WKH�������WZLQV��,Q�QXPHURXV�
VWXGLHV�RI�QDWXUDO�DQG�V\QWKHWLF�UXWLOHV��GLIIHUHQW�PHFKDQLVPV�RI�
WZLQQLQJ�KDYH�EHHQ�SURSRVHG��7KH�IRUPDWLRQ�RI�WZLQV�LQ�QDWXUDO�
UXWLOHV�LV�PRVW�RIWHQ�UHODWHG�WR�WKH�LQWHUJURZWKV�RYHUJURZWKV�RI�
UXWLOH�ZLWK�VWUXFWXUDOO\�UHODWHG�PLQHUDOV�WKDW�FU\VWDOOL]H�LQ�WKH�FR�
UXQGXP�W\SH�VWUXFWXUHV��H�J���KHPDWLWH��LOPHQLWH��DQG�FRUXQGXP���
$OO� WKHVH�PLQHUDOV� SRVVHVV� D� VLPLODU� KH[DJRQDO� FORVH�SDFNHG�
�hcp��R[\JHQ�VXEODWWLFH��ZKLFK�HQDEOHV�VLPSOH�WUDQVLWLRQV�DPRQJ�
WKHP�E\�H[VROXWLRQ��HSLWD[\��RU�LQWHUJURZWK��$UPEUXVWHU�������

%RXGHXOOH�������)RUFH�HW�DO���������,Q�V\QWKHWLF�UXWLOH��WZLQQLQJ�
KDV� EHHQ� H[SODLQHG� HLWKHU� DV� D� UHVXOW� RI� VWUHVV� �7DNHXFKL� DQG�
+DVKLPRWR�������6X]XNL�HW�DO���������DV�DQ�HIILFLHQW�PHFKDQLVP�
RI�ORFDO�HQHUJ\�UHGXFWLRQ�LQ�QRQVWRLFKLRPHWULF�7L2�±[��5HHFH�DQG�
0RUHOO��������RU�E\�DFFLGHQWDO�DWWDFKPHQW�RI�7L22�QDQRFU\VWDOV�
WR�IRUP�GLIIHUHQW�W\SHV�RI�LQWHUIDFHV��LQFOXGLQJ�WZLQ�ERXQGDULHV��
GXULQJ�WKH�LQLWLDO�VWDJHV�RI�FU\VWDO�JURZWK��3HQQ�DQG�%DQILHOG�
�������7KH�̂ ���`�DQG�̂ ���`�WZLQV�DUH�DOVR�REVHUYHG�LQ�QDQRFU\V�
WDOOLQH�UXWLOH�SURGXFHG�YLD�PLVFHOODQHRXV�V\QWKHVLV�SDWKZD\V��/L�
HW�DO��������/X�HW�DO���������ZKHUHDV�WKHLU�IRUPDWLRQ�PHFKDQLVPV�
UHPDLQ�XQFOHDU��7KH�HSLWD[LDOO\�LQGXFHG�WZLQQLQJ�RI�UXWLOH�KDV�
EHHQ�UHSRUWHG�GXULQJ�WKH�FKHPLFDO�OHDFKLQJ�RI�LOPHQLWH��3XWQLV�
������-DQVVHQ�HW�DO��������

)RU�WKH�SUHVHQW�VWXG\��ZH�VHOHFWHG�������WZLQV�RI�UXWLOH�IURP�
WKH�VDPH�ORFDOLW\�DV�WKH�SUHYLRXVO\�VWXGLHG�������WZLQV��'DQHX�
HW� DO�� ����E���$V�ERWK� W\SHV�RI� WZLQV�RFFXU� WRJHWKHU�ZH�PD\�
DQWLFLSDWH�WKH�VDPH�JURZWK�FRQGLWLRQV�DQG�WKH�RQO\�GLIIHUHQFH�
DSDUW�IURP�WKH�FU\VWDOORJUDSK\�ZRXOG�EH�YDULDWLRQV�LQ�WKH�ORFDO�
FKHPLVWU\�GXULQJ�WKH�FU\VWDO�JURZWK��:H�SURSRVH�D�PHFKDQLVP�IRU�
WKHLU�IRUPDWLRQ�EDVHG�RQ�D�VWUXFWXUDO�DQDO\VLV�RI�WKH�������WZLQV�
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