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'HHS�FUXVWDO�KHWHURJHQHLW\�DORQJ�DQG�DURXQG�WKH�6DQ�$QGUHDV�IDXOW�V\VWHP

LQ�FHQWUDO�&DOLIRUQLD

DQG�LWV�UHODWLRQ�WR�WKH�JHQHUDWLQJ�SURFHVV�RI�0����HDUWKTXDNHV

±�$Q�LQYHUVLRQ�DQDO\VLV�RI�FRGD�HQYHORSHV�IURP�ORFDO�HDUWKTXDNHV�±

.LQ¶\D�1LVKLJDPL��'LVDVWHU�3UHYHQWLRQ�5HVHDUFK�,QVWLWXWH��.\RWR�8QLYHUVLW\�

� � � :H�KDYH�HVWLPDWHG��'�GLVWULEXWLRQ�RI�FRGD�VFDWWHUHUV�LQ�WKH�FUXVW�LQ�FHQWUDO�&DOLIRUQLD�E\

XVLQJ� DQ� LQYHUVLRQ� DQDO\VLV� RI� FRGD� HQYHORSHV� IURP� ORFDO� HDUWKTXDNHV�� � � )URP� WKH� ZHOO�

GHYHORSHG�VWULNH�VOLS�DFWLYH�IDXOWV��KLJK�VHLVPLFLW\��DQG�DOVR�WKH�GHQVH�VHLVPRJUDSKLF�QHWZRUN�

WKLV� DUHD� LV� FRQVLGHUHG� WR� EH� RQH� RI� WKH� PRVW� VXLWDEOH� DUHDV� LQ� WKH� ZRUOG� IRU� WKLV� NLQG� RI

VFDWWHULQJ�DQDO\VLV�� � � 7KURXJK�WKH�DQDO\VLV�ZH�ZLOO�WU\�WR�HVWLPDWH�WKH�FUXVWDO�KHWHURJHQHLW\

DQG� GHHS� VWUXFWXUH� DORQJ� DQG� DURXQG� WKH� 6DQ� $QGUHDV� DQG� VHYHUDO� RWKHU� IDXOWV�� DQG� DOVR

HDUWKTXDNH�JHQHUDWLQJ�PHFKDQLVP�UHODWHG�WR�WKRVH�KHWHURJHQHRXV�VWUXFWXUH�

� � � :H�DQDO\]HG������ZDYH�WUDFHV�IURP�����HYHQWV�UHFRUGHG�DW�����VWDWLRQV�RI�WKH�1RUWKHUQ

&DOLIRUQLD� 6HLVPLF� 1HWZRUN�� 1&61�� � � 7KH� GHYLDWLRQ� RI� REVHUYHG� FRGD� HQHUJ\� IURP

H[SHFWHG�VPRRWK�GHFD\�ZDV�HYDOXDWHG�DV�D� IXQFWLRQ�RI� ODSVH� WLPHV�RI� FRGD�ZDYHV� DQG� WKHQ

LQYHUWHG� WR� HVWLPDWH� VSDWLDO� GLVWULEXWLRQ� RI� VFDWWHULQJ� VWUHQJWK� LQ� WKH� FUXVW� DQG� XSSHUPRVW

PDQWOH� XQGHU� WKH� DVVXPSWLRQ� RI� VLQJOH� LVRWURSLF� VFDWWHULQJ�� � � 7KH� REWDLQHG� VFDWWHUHU

GLVWULEXWLRQ� LV� VKRZQ� LQ�)LJ�� ��� � � 7KH�EORFN� VL]H� LV� �NP� LQ�ERWK�KRUL]RQWDO� DQG�GHSWK� DQG

UHODWLYH�VFDWWHULQJ� LQWHQVLW\�DW� WKH�VKDOORZHVW�GHSWK������NP�� LV� LQGLFDWHG�E\�D�FLUFOH�� � � 7KH

GLDJRQDO�HOHPHQWV�RI�WKH�UHVROXWLRQ�PDWUL[�DUH�JUHDWHU�WKDQ�����DW�WKH�FHQWUDO�DQG�DERXW�����DW

WKH�RXWHU�SDUW�RI� WKH�DQDO\VLV�DUHD�� � � 7KH�YDULDQFH� UHGXFWLRQ�RI�REVHUYHG�GDWD� LV� DERXW����

����IRU�WKH�VROXWLRQ�VKRZQ�LQ�)LJ�����DQG�URXJKO\�VSHDNLQJ��DERXW��������RI�REVHUYHG�FRGD

GHYLDWLRQ�FDQ�EH�H[SODLQHG�E\�WKH�VLQJOH�LVRWURSLF�VFDWWHULQJ�PRGHO�

� � � )LJ����UHSUHVHQWV�VWURQJ�VFDWWHUHUV�DUH�GLVWULEXWHG�DORQJ�WKH�6DQ�$QGUHDV�DQG�6DQ�*UHJRULR

IDXOWV�� � � 6FDWWHULQJ� LV� DOVR� VWURQJ� DORQJ� VRPH� SDUWV� RI� WKH� +D\ZDUG� DQG� &DODYHUDV� IDXOWV�

7KHVH�VFDWWHUHUV�DUH�GLVWULEXWHG�FRQWLQXRXVO\�DW�GHSWK�UDQJHV�IURP���WR�DERXW���NP��VHH�)LJ�

���� � � 2WKHU�VWURQJ�VFDWWHUHUV�DOVR�H[LVW�DERXW�������NP�HDVW�RII�WKH�&DODYHUDV�IDXOW�� � � 7KHVH

VFDWWHUHUV� DUH� ORFDWHG� RQO\� DW� WKH� VKDOORZHVW� GHSWK�� ���� NP�� DQG� WKHUHIRUH� FRQVLGHUHG� WR� EH

JHQHUDWHG�E\�D�VXUIDFH�WRSRJUDSK\�RI�'LDEOR�5DQJH�� � � 6FDWWHUHU�GLVWULEXWLRQ�DOVR�VHHPV�WR�EH

FRUUHODWHG� ZLWK� D� VXUIDFH� JHRORJ\�� WKH� PLFUR�VHLVPLFLW\�� DQG� WKH� ORFDWLRQ� RI� KLJK� YHORFLW\

DQRPDOLHV�HVWLPDWHG�E\�WKH��'�WRPRJUDSK\�VWXGLHV�

� � � )LJ����VKRZV�D�FURVV�VHFWLRQ�RI�VFDWWHUHUV�LQ�WKH�UHFWDQJXODU�DUHD�VKRZQ�LQ�)LJ����� � SORWWHG

RQWR� WKH� ;�<� YHUWLFDO� SODQH�� � � 6FDWWHULQJ� LV� VWURQJHU� EHORZ� DOO� WKH� DFWLYH� IDXOWV� IRU� WKH

VKDOORZHVW� WKUHH�EORFNV� DQG� WKLV� VXJJHVWV� WKH�6DQ�*UHJRULR��6DQ�$QGUHDV� �6$)���+D\ZDUG�

&DODYHUDV��+&)���DQG�*UHHQYLOOH�IDXOWV�DUH�DOPRVW�YHUWLFDO�IURP�VXUIDFH�WR�DERXW���NP�GHSWK�

7KH�QH[W�WZR�EORFNV��������NP�GHSWKV��FRUUHVSRQGV�WR�WKH�ORZHU�FUXVW�LQ�WKLV�DUHD�DV�VKRZQ



�

E\�%URFKHU�HW�DO���������� � � 6WURQJ�VFDWWHUHUV�EHORZ�WKH�6$)�DQG�WKH�+&)�LQ�WKH�ORZHU�FUXVW

WHQG� WR� OLH� LQ� KRUL]RQWDO� EHWZHHQ� WKH� WZR� IDXOWV�� � � 7KLV� PD\� VXJJHVW� D� VXE�KRUL]RQWDO

GHWDFKPHQW�VWUXFWXUH�FRQQHFWLQJ� WKH�6$)�DQG� WKH�+&)�� � � %URFKHU�HW� DO�� ������� DOVR� IRXQG

WKH�ORZHU�FUXVWDO�UHIOHFWRUV�EHWZHHQ�WKH�6$)�DQG�WKH�+D\ZDUG�IDXOW�DQG�LQWHUSUHWHG�WKHP�DV�D

GHWDFKPHQW�VXUIDFH�� � � :H�FDQ�VHH�IDU�GHHSHU�VFDWWHUHUV�DW�������NP�GHSWKV�EHWZHHQ�WKH�6$)

DQG�WKH�+&)�� � � 2QH�SRVVLEOH�LQWHUSUHWDWLRQ�LV�WKDW�WKH�KHWHURJHQHRXV�VWUXFWXUH�PD\�VXJJHVW�D

GHHSHU�ERXQGDU\�EHWZHHQ�WKH�3DFLILF�DQG�1RUWK�$PHULFDQ�SODWHV��DOWKRXJK�WKH�UHVROXWLRQ�RI

WKRVH�VROXWLRQV�LV�SRRU�� � � &RQWLQXRXV�VOLS�DFURVV�WKH�GHHS�SODWH�ERXQGDU\�HQFRXQWHUV�WKH�VXE�

KRUL]RQWDO�GHWDFKPHQW� LQ� WKH�ORZHU�FUXVW�DQG�WKH�VKHDU�VWUHVV� LV� WUDQVIHUUHG�WR� WKH�ERWWRP�RI

WKH� 6$)� DQG� WKH�+&)� DQG� WKHQ� EULWWOH� IUDFWXUH� VKRXOG� RFFXU� DORQJ� WKHVH� IDXOWV�� � � )XUWKHU

DQDO\VHV��IRU�H[DPSOH��WR�GHWHFW�FRKHUHQW�ZDYH�WUDLQV�IURP�GHHSHU�VFDWWHUHUV�E\�XVLQJ�VWDWLRQ

RU�HYHQW�DUUD\V�ZLOO�EH�QHFHVVDU\�

� � � ,Q�)LJ�����ZH�FDQ�ILQG�VHYHUDO�FOXVWHUV�RI�VFDWWHUHUV�ORFDWHG�DORQJ�WKH�6$)�ZLWK�������NP

LQWHUYDOV�IURP�VRXWK�RI�6DQ�)UDQFLVFR�WR�WKH�LQWHUVHFWLRQ�ZLWK�WKH�&DODYHUDV�IDXOW�� � � 6LPLODU

SDWWHUQ�RI� VFDWWHUHU�GLVWULEXWLRQ� LV�DOVR� UHFRJQL]HG�DW������NP�GHSWK�� � � 7KLV� VXJJHVWV� VRPH

VHJPHQWDWLRQ� VWUXFWXUH� PD\� H[LVW� DORQJ� WKH� 6$)� LQ� WKH� VHLVPRJHQLF� ]RQH� RI� WKH� FUXVW�

0RGHUDWH�WR�ODUJH�HDUWKTXDNHV�ZLWK�0����IUHTXHQWO\�RFFXU�LQ�DQG�DURXQG�WKH�6DQ�)UDQFLVFR

%D\� DUHD�� � � 7KH� DUHD� UXSWXUHG� E\� WKH� ����� /RPD� 3ULHWD� HDUWKTXDNH� �0����� DOPRVW

FRUUHVSRQGV� WR� RQH� RI� WKH� VHJPHQWV� EHWZHHQ� VWURQJ� VFDWWHUHUV� VKRZQ� LQ�)LJ�� ��� � � %DNXQ

�������HVWLPDWHG�VRXUFH�DUHDV�RI����HYHQWV�ZLWK�PDJQLWXGH�JUHDWHU�WKDQ�����WKDW�RFFXUUHG�LQ

WKLV�DUHD�IURP������WR������E\�DQDO\]LQJ�WKH�VHLVPLF�LQWHQVLW\�GDWD�� � � $FFRUGLQJ�WR�WKLV��WKH

0���� HYHQW� LQ� ����� UXSWXUHG� WKH� VRXWKHDVWHUQ� QHLJKERULQJ� VHJPHQW� RI� WKH�/RPD�3ULHWD� HT�

7KH�PLFUR�VHLVPLFLW\�LQ�WKLV�DUHD�KDV�D�FKDUDFWHU�RI�FOXVWHULQJ�DORQJ�WKH�6$)�� � � 7KH�ORFDWLRQ

RI�HDUWKTXDNH�FOXVWHUV�DQG�WKH�VWURQJ�VFDWWHUHUV�VWDWHG�DERYH�KDV�DOPRVW�JRRG�DJUHHPHQW�DQG

WKH�IDXOW�VHJPHQWV�EHWZHHQ�VWURQJ�VFDWWHUHUV�VKRZ�H[WUHPHO\�ORZ�PLFUR�VHLVPLFLW\�� � � )URP

WKHVH�� D� PRGHO� RI� VHJPHQWDWLRQ� VWUXFWXUH� DORQJ� WKH� 6$)� LV� SURSRVHG� DV� VFKHPDWLFDOO\

LOOXVWUDWHG�LQ�)LJ����� � � $ORQJ�WKH�6$)�IURP�VRXWK�RI�6DQ�)UDQFLVFR�WR�WKH�LQWHUVHFWLRQ�ZLWK

WKH� &DODYHUDV� IDXOW�� ZH� FDQ� HVWLPDWH� IRXU� SDUWLDOO\� ORFNHG� VHJPHQWV� ZLWK� HDFK� KRUL]RQWDO

OHQJWK� RI� ������ NP�� � � 7KHVH� ORFNHG� VHJPHQWV� DUH� FRQVLGHUHG� WR� EH� UXSWXUHG� GXULQJ

UHVSHFWLYH�0���� HYHQWV�� � � 7KH� VHJPHQW� ERXQGDULHV� DUH� FKDUDFWHUL]HG� E\� WKH� DFWLYH�PLFUR�

VHLVPLFLW\� DQG� VWURQJHU� VFDWWHULQJ�� DQG� WKHUHIRUH� FRQVLGHUHG� WR� EH� ZHDN� ]RQHV�� � � 7KLV

VHJPHQWDWLRQ�VWUXFWXUH�DORQJ�WKH�6$)�PD\�EH�LQWHUSUHWHG�DV�D�WUDQVLWLRQ�IURP�WKH�VRXWKHDVWHUQ

FUHHSLQJ�]RQH�WR�WKH�QRUWKZHVWHUQ�FRPSOHWHO\�ORFNHG�]RQH�� � � )DXOW�VHJPHQWV�DORQJ�WKH�6$)

LV� DOVR� HVWLPDWHG� E\� WKH� :RUNLQJ� *URXS� RQ� &DOLIRUQLD� (DUWKTXDNH� 3UREDELOLWLHV� ������

WKURXJK�WKH�DQDO\VHV�RI�D�VXUIDFH�IDXOW�JHRPHWU\��WKH�PLFUR�VHLVPLFLW\��WKH�VOLS�GLVWULEXWLRQ�RI

����� JUHDW� HDUWKTXDNH�� DQG� DOVR� WKH� UXSWXUHG� DUHD� RI� WKH� ����� /RPD� 3ULHWD� HT�� � � 7KH

VHJPHQW�ERXQGDULHV�WKXV�REWDLQHG�DOPRVW�DJUHH�ZLWK�WKRVH�HVWLPDWHG�LQ�WKH�SUHVHQW�VFDWWHULQJ

DQDO\VLV�






