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,QWURGXFWLRQ

,Q�D�SUHYLRXV�VWXG\�RI�&DGGR�DUFKLWHFWXUH��7UXELWW��������
,�KLJKOLJKWHG�VHYHUDO�GLPHQVLRQV�RI�YDULDWLRQ��FLUFXODU�
RU�VWUDLJKW�VLGHG�VWUXFWXUHV��PRXQG��QHDU�PRXQG��RU�
QRQ�PRXQG�ORFDWLRQ��EXLOGLQJV�EXUQHG�RU�XQEXUQHG�DIWHU�
XVH��DQG�LI�EXUQHG��FRYHUHG�ZLWK�³FOHDQ´�HDUWK�RU�ZLWK�
PLGGHQ�GHEULV��$W�WKDW�WLPH��,�VDZ�VLPLODULWLHV�LQ�WZR�
FRQWHPSRUDQHRXV�&DGGR�PRXQG�VLWHV�ORFDWHG�LQ�DGMDFHQW�
ULYHU�GUDLQDJHV�LQ�VRXWKZHVW�$UNDQVDV�WKDW�ZRXOG�EHQH¿W�
IURP�IXUWKHU�FRPSDULVRQ��,�DQG�P\�DVVLVWDQWV�DQG�ODE�
YROXQWHHUV�KDYH�FRQFOXGHG�DQDO\VHV�RI�DUWLIDFWV�IURP�
$QQ�(DUO\¶V�H[FDYDWLRQV�DW�+HGJHV���+6�����D�VLWH�LQ�
WKH�2XDFKLWD�5LYHU�YDOOH\��DQG�IURP�P\�H[FDYDWLRQV�
DW�+XJKHV���6$�����ORFDWHG�LQ�WKH�6DOLQH�5LYHU�YDOOH\�
�)LJXUH�����$W�ERWK�VLWHV��H[FDYDWRUV�XQFRYHUHG�VWUDWL¿HG�
GHSRVLWV�QH[W�WR�WKH�PDLQ�PRXQGV�WKDW�LQFOXGHG�EXUQHG�
EXLOGLQJV�FRYHUHG�ZLWK�PLGGHQ�GHSRVLWV�ZLWK�FHUDPLF�
VKHUGV��FKLSSHG�VWRQH�WRROV�DQG�GHEULV��DQLPDO�ERQH��
DQG�FKDUUHG�SODQW�UHPDLQV��:KLOH�WKH�IXOO�PRQRJUDSK�
LV�QRW�\HW�FRPSOHWH��WKLV�SDSHU�VXPPDUL]HV�KLJKOLJKWV�
RI�WKH�DUWLIDFW�DQDO\VHV�WR�VKRZ�VLPLODULWLHV�LQ�GDWLQJ�
DQG�DFWLYLW\�SDWWHUQV�DW�WKHVH�WZR�/DWH�&DGGR�SHULRG�
FRPPXQLWLHV�

([FDYDWLRQV�DW�+HGJHV�DQG�+XJKHV

,Q������DQG�������$QQ�(DUO\�OHG�D�EULHI�$UNDQVDV�
$UFKHRORJLFDO�6XUYH\�WHVW�H[FDYDWLRQ�SURMHFW�DW�WKH�
+HGJHV�VLWH�LQ�+RW�6SULQJ�&RXQW\��(DUO\��������
)LHOGZRUN�LQFOXGHG�PDSSLQJ�WZR�ORZ�PRXQGV��0RXQG�
$��DQ�HORQJDWHG�RYDO�SODWIRUP�PHDVXULQJ����[����[���P��
DQG�0RXQG�%��D�ORZ�FRQLFDO�EXULDO�PRXQG�HURGHG�E\�
WKH�ULYHU���&RQYHUVDWLRQV�ZLWK�ORFDO�FROOHFWRUV�LQGLFDWHG�

DW�OHDVW�WKUHH�FHPHWHU\�DUHDV�DV�ZHOO��)LJXUH�����$XJHU�
WHVWLQJ�VKRZHG�GHHS�PLGGHQ�GHSRVLWV�VRXWK�DQG�ZHVW�RI�
0RXQG�$�
� 6XEVHTXHQW�H[FDYDWLRQV�VRXWK�DQG�ZHVW�
RI�0RXQG�$�LQFOXGHG�7HVW�3LW����D���[���P�XQLW���D�
%ORFN�([FDYDWLRQ��RI�VL[���[���P�XQLWV���DQG�D�7UHQFK�
���[���P���:KLOH�QR�FRPSOHWH�VWUXFWXUHV�ZHUH�H[SRVHG��
DUFKDHRORJLVWV�XQFRYHUHG�VWUDWL¿HG�GHSRVLWV�ZLWK�EXUQHG�
FDQH�DQG�WKDWFK��DVK��GDXE��DQG�SRVW�PROGV�LQ�DOO�WKUHH�
H[FDYDWLRQ�DUHDV��)LJXUH�����7KH����FP�RI�VWUDWL¿HG�
GHSRVLWV�LQ�7HVW�3LW���LQFOXGHG�)HDWXUH���ZLWK�SDWFKHV�
RI�EXUQHG�FDQH��WKDWFK��EDUN��DQG�ZRRG��DQG�VFRUFKHG�
VDQG��DVK��DQG�GDXE��5HVLGXHV�RI�D�VHFRQG�EXUQHG�
VWUXFWXUH�ZHUH�IRXQG�EHORZ�WKDW��DV�VWUDWXP�����EXUQHG�
GDXE�DQG�ÀRRU�GHSRVLW�ZLWK�SRVW�PROGV�WKDW�FXW�LQWR�
WKH�XQGHUO\LQJ�VWUDWXP������,Q�WKH�%ORFN�([FDYDWLRQ��D�

3UHYLRXV�$UNDQVDV�$UFKHRORJLFDO�6XUYH\�H[FDYDWLRQV�DW�WKH�+HGJHV�VLWH�LQ�WKH�2XDFKLWD�5LYHU�YDOOH\�DQG�WKH�+XJKHV�
VLWH�LQ�WKH�6DOLQH�5LYHU�YDOOH\�XQFRYHUHG�HYLGHQFH�RI�EXUQHG�VWUXFWXUHV�DGMDFHQW�WR�WKH�PRXQGV��$Q�RYHUYLHZ�RI�WKH�
DUWLIDFW�DQDO\VHV�LQGLFDWHV�WKDW�WKH�VLWHV�ZHUH�URXJKO\�FRQWHPSRUDQHRXV��ZLWK�LQWHQVLYH�XVH�E\�DQFHVWUDO�&DGGR�
,QGLDQV�GXULQJ�WKH�/DWH�&DGGR�SHULRG��EHWZHHQ�WKH�$'�����V�DQG�����V��7KLV�SUHVHQWDWLRQ�VXPPDUL]HV�WKH�UHVHDUFK�
¿QGLQJV�WR�HPSKDVL]H�FRPSDULVRQV�LQ�WLPLQJ��DFWLYLWLHV��DQG�FRPPXQLW\�SODQV��

0DU\�%HWK�7UXELWW
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��+68�5HVHDUFK�6WDWLRQ

$�3UHOLPLQDU\�&RPSDULVRQ�RI �7ZR�&DGGR�0RXQG�6LWHV�
LQ�6RXWKZHVW�$UNDQVDV

)LJXUH����/RFDWLRQ�RI��+6����+HGJHV��LQ�$UNDQVDV¶V�2XDFKLWD�
5LYHU�YDOOH\�DQG��6$����+XJKHV��LQ�WKH�6DOLQH�5LYHU�
YDOOH\��EDVH�PDS�IURP�7RP�3DWWHUVRQ��3K\VLFDO�0DS�RI�WKH�
&RWHUPLQRXV�8QLWHG�6WDWHV��
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PLGGHQ�GHSRVLW�ZDV�XQFRYHUHG�EHORZ�WKH�SORZ�]RQH��
%HORZ�WKH�PLGGHQ�ZDV�)HDWXUH����D�GDXE�DQG�FKDUFRDO�
FRQFHQWUDWLRQ�ZLWK�SRVW�PROGV��LQWHUSUHWHG�DV�D�EXUQHG�
VWUXFWXUH��$QRWKHU�ORZHU�EXUQHG�VWUXFWXUH��)HDWXUH����
ZDV�LGHQWL¿HG�LQ�RQH�XQLW�DV�D�UHG�FOD\�OHQV��VWUDWXP����
ZLWK�DVVRFLDWHG�SRVW�PROGV�WKDW�FXW�LQWR�WKH�XQGHUO\LQJ�
VXEVRLO��0LGGHQ�GHSRVLWV�DQG�EXUQHG�VRLO�ZHUH�DOVR�
XQFRYHUHG�LQ�WKH�7UHQFK��LQWHUSUHWHG�DV�WKH�UHPDLQV�RI�
D�EXUQHG�VWUXFWXUH��)HDWXUH����ZLWK�RQH�RU�WZR�EXUQHG�
ÀRRUV�DQG�DQ�DVK�OHQV��$�ORZHU�EXUQHG�ÀRRU�ZDV�H[SRVHG�
EXW�QRW�H[FDYDWHG�DW�DERXW����FP�EHORZ�VXUIDFH��7KH�
HOHYDWHG�DUHD�QH[W�WR�WKH�ZHVW�VLGH�RI�0RXQG�$��VKRZQ�
E\�WKH�����DQG�������P�FRQWRXUV��UHSUHVHQWV�DQ�DUWL¿FLDO�
EXLOGXS�RI�GHSRVLWV�DV�EXUQHG�VWUXFWXUHV�ZHUH�FRYHUHG�E\�
PLGGHQ�GHSRVLWV�
� %DVHG�RQ�WKH�DUWLIDFWV��DQFHVWUDO�&DGGR�,QGLDQV�
XVHG�WKH�VLWH�GXULQJ�WKH�0LG�2XDFKLWD�DQG�6RFLDO�+LOO�
SKDVHV�RI�WKH�/DWH�&DGGR�SHULRG��FD��$�'�������������
$QQ�(DUO\������������������ODWHU�XVHG�+HGJHV�PDWHULDO�
LQ�KHU�GH¿QLWLRQ�RI�WKH�6RFLDO�+LOO�SKDVH��$EVROXWH�
GDWHV�IURP�WKH�VLWH�DUH�IHZ��'DQ�:ROIPDQ��������������
SXEOLVKHG�UHVXOWV�RI�DUFKDHRPDJQHWLF�VDPSOHV�IURP�
���VLWHV�LQ�VRXWKZHVW�$UNDQVDV�DV�SDUW�RI�KLV�UHVHDUFK�

WR�GHYHORS�D�UHJLRQDO�³SRODU�FXUYH´�DQG�H[WHQG�WKH�
XWLOLW\�RI�DUFKDHRPDJQHWLF�GDWLQJ�LQ�DUFKDHRORJ\��+H�
FDOFXODWHG�WKH�UHVXOWLQJ�GDWH�IURP�D�EXUQHG�VWUXFWXUH�
ÀRRU��)HDWXUH�����DW�+HGJHV�DW��$�'�������������0RUH�
UHFHQWO\��ZH�GLUHFWO\�GDWHG�FKDUUHG�PDL]H�NHUQHOV�IURP�
WKH�%ORFN�([FDYDWLRQ�PLGGHQ�GHSRVLW��DERYH�)HDWXUH�
���XVLQJ�WKH�DFFHOHUDWRU�PDVV�VSHFWURPHWU\�WHFKQLTXH�WR�
FDO��$�'�������������7UXELWW�����D��
� 7KH�+XJKHV�VLWH�LQ�6DOLQH�&RXQW\�LV�QHDU�
WKH�HDVWHUQ�HGJH�RI�WKH�&DGGR�DUFKDHRORJLFDO�DUHD��
$UFKDHRORJLVWV�±�DQG�DUWLIDFW�FROOHFWRUV�±�KDYH�NQRZQ�
DERXW�WKH�VLWH�IRU�RYHU�D�KXQGUHG�\HDUV��,W�ZDV�YLVLWHG�
E\�(GZDUG�3DOPHU�LQ������DV�SDUW�RI�WKH�6PLWKVRQLDQ�
,QVWLWXWLRQ¶V�0RXQG�6XUYH\��-HWHU���������������
7KRPDV����������������3DOPHU¶V�GHVFULSWLRQ�RI�GDXE�
DQG�FKDUFRDO�DVK�GHSRVLWV�LQGLFDWH�WKHUH�PXVW�KDYH�EHHQ�
DW�OHDVW�RQH�EXUQHG�VWUXFWXUH�LQ�WKH�VLWH¶V�ODUJH�WZR�
VWDJH�PRXQG��2WKHU�ORZHU�PRXQGV�KDG�DSSDUHQWO\�EHHQ�
OHYHOHG�HYHQ�EHIRUH�3DOPHU¶V�YLVLW��WKH�SURSHUW\�ZDV�
SDUW�RI�D�QLQHWHHQWK�FHQWXU\�IDUP��+XJKHV�ZDV�SODFHG�
RQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�LQ�������
:KLOH�RQ�SULYDWH�ODQG�DQG�SURWHFWHG�E\�WKH�SURSHUW\�
RZQHU��XQDXWKRUL]HG�GLJJLQJ�LQWR�WKH�PRXQG�KDV�EHHQ�D�
FRQFHUQ�
� ,�FRQGXFWHG�H[FDYDWLRQV�DW�+XJKHV�DV�SDUW�
RI�WKH������+HQGHUVRQ�6WDWH�8QLYHUVLW\�8QLYHUVLW\�
RI�$UNDQVDV�DUFKDHRORJLFDO�¿HOG�VFKRRO��6WXGHQWV�
PDSSHG�WKH�VLWH�ZLWK�DQ�HOHFWURQLF�WRWDO�VWDWLRQ��
VKRZLQJ�WKH�ODUJH�WZR�VWDJH�PRXQG�DV�D����[����[�����
P�FRQVWUXFWLRQ��)LJXUH�����%HFDXVH�RI�WKH�WUHH�FRYHU�DW�
WKH�VLWH��ZH�XVHG�V\VWHPDWLF�VKRYHO�WHVWLQJ�WR�LGHQWLI\�

)LJXUH����+HGJHV�VLWH�SODQ��DIWHU�(DUO\�DQG�&RXWX������¿HOG�
GUDZLQJ��

)LJXUH����(DVW�ZDOO�SUR¿OH��+HGJHV�%ORFN�([FDYDWLRQ�78���
'HFHPEHU�������$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK��
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VSDWLDO�SDWWHUQLQJ�ZLWKLQ�WKH�VLWH��6KRYHO�WHVWLQJ�DFURVV�
DERXW�����KHFWDUHV�VKRZHG�DUWLIDFW�FRQFHQWUDWLRQV�DQG�
XQFRYHUHG�IHDWXUHV�LQ�WZR�DUHDV��:H�LQYHVWLJDWHG�WKHVH�
IXUWKHU�ZLWK�H[FDYDWLRQ�XQLWV��,Q�D���[���P�H[FDYDWLRQ�
EORFN�RQ�WKH�QRUWK�HGJH�RI�WKH�VLWH��VWXGHQWV�XQFRYHUHG�
D�ODUJH�EXUQHG�FOD\�KHDUWK��)HDWXUH����)LJXUH�����7KLV�
ZDV�OLNHO\�SDUW�RI�D�VWUXFWXUH�QRW�IXOO\�H[SRVHG�E\�RXU�
¿HOGZRUN��$���[���P�H[FDYDWLRQ�XQLW�QRUWK�RI�WKH�PRXQG�
VDPSOHG�D�GHQVH�DUHD�RI�PLGGHQ��1RUWKHDVW�DQG�QHDU�
WKH�PRXQG��H[FDYDWRUV�XQFRYHUHG�VWUDWL¿HG�GHSRVLWV�LQ�
WKUHH���[���P�XQLWV��ZLWK�EXUQHG�WLPEHUV��EXUQHG�HDUWK�
DQG�GDXE��DQG�TXDQWLWLHV�RI�FHUDPLF�VKHUGV��FKLSSHG�
VWRQH�GHEULV��DQG�DQLPDO�ERQH��$OWKRXJK�QR�SRVW�SDWWHUQV�
ZHUH�VHHQ��WKH�EXUQHG�FOD\��GDXE��FKDUFRDO�DQG�EXUQHG�
WLPEHUV��)HDWXUH��������)HDWXUH����DQG�)HDWXUH�������
ZHUH�LQWHUSUHWHG�DV�D�VHULHV�RI�EXUQHG�VWUXFWXUHV��7UXELWW�
����������E���7KUHH�FKDUUHG�ZRRG�VDPSOHV�ZHUH�GDWHG�
XVLQJ�WKH�FRQYHQWLRQDO�UDGLRFDUERQ�WHFKQLTXH��7KH�
ORZHVW�VWUXFWXUH��)HDWXUH�������GDWHG�WR�FDO�$�'�������
�����ZKLOH�WKH�RYHUO\LQJ�RQH��)HDWXUH����GDWHG�WR�FDO�
$�'�������������7UXELWW������E���$V�DW�+HGJHV��WKH�
HOHYDWHG�DUHD�QRUWKHDVW�RI�WKH�PRXQG��������P�FRQWRXU��
UHSUHVHQWV�DQ�DUWL¿FLDO�EXLOGXS�RI�PLGGHQ�GHSRVLWV�
FRYHULQJ�EXUQHG�VWUXFWXUHV�

$UWLIDFW�$QDO\VHV

2XU�DQDO\VHV�RI�DUWLIDFWV�IURP�+HGJHV�DQG�+XJKHV�
�7DEOH����KDYH�KDG�WZR�JRDOV��¿UVW��WR�SODFH�WKH�XVH�
RI�WKHVH�FRPPXQLWLHV�LQ�D�WHPSRUDO�DQG�FXOWXUDO�
IUDPHZRUN��DQG�VHFRQG��WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�
RI�DFWLYLW\�SDWWHUQV�LQ�WKHVH�QHDU�PRXQG�DUHDV�
� &KLSSHG�VWRQH�LQFOXGHG�WRROV�DQG�FKLSSLQJ�
GHEULV��,�H[DPLQHG�DUURZ�SRLQWV�WR�LGHQWLI\�W\SHV�WKDW�
KDYH�VHUYHG�DV�³WLPH�PDUNHUV´�HOVHZKHUH��7KHUH�ZHUH�
SRLQWV�DQG�SRLQW�IUDJPHQWV�PDGH�IURP�QRYDFXOLWH�DQG�
FKHUW�DW�ERWK�VLWHV��)LJXUH�����%DVVHWW�ZHUH�WKH�PRVW�
FRPPRQ�DUURZ�SRLQW�VW\OH�DW�+HGJHV��7KHVH�DUH�EDVDO�
QRWFKHG�WULDQJXODU�SRLQWV�ZLWK�SURPLQHQW�EDUEV�DQG�
VPDOO�URXQGHG�RU�SRLQWHG�VWHPV��7KH�SUHGRPLQDQW�DUURZ�
SRLQW�IRUP�DW�+XJKHV�ZDV�WKH�0DXG�W\SH��D�WULDQJXODU�
SRLQW�ZLWK�D�FRQFDYH�EDVH��LQ�ERWK�WKH�XQ�QRWFKHG�YDU��
0DXG�DQG�WKH�VLGH�QRWFKHG�YDU��+RSSHU��%RWK�W\SHV�
RFFXU�RQ�/DWH�&DGGR�VLWHV�LQ�HDVW�7H[DV��QRUWKZHVW�
/RXLVLDQD��DQG�VRXWKZHVW�$UNDQVDV��H�J���.D\����������
�����.HOOH\�������������0F.LQQRQ��������������
3HUWWXOD���������������:HEE����������������,Q�WKH�
2XDFKLWD�5LYHU�YDOOH\��%DVVHWW�SRLQWV�KDYH�EHHQ�IRXQG�
ZLWK�ODWH�0LG�2XDFKLWD�SKDVH�FHUDPLF�W\SHV��HVWLPDWHG�
WR�GDWH�WR�WKH�ODWH�¿IWHHQWK�FHQWXU\��DQG�0DXG�SRLQWV�
KDYH�EHHQ�IRXQG�ZLWK�%XFNYLOOH�DQG�6RFLDO�+LOO�SKDVH�
FHUDPLFV��HVWLPDWHG�WR�GDWH�WR�WKH�¿IWHHQWK�WR�HDUO\�
VHYHQWHHQWK�FHQWXU\��(DUO\������������������������
�����������7UXELWW�����E���,Q�DGGLWLRQ��WKHUH�ZHUH�
VHYHUDO�DQWOHU�SURMHFWLOH�SRLQWV�IURP�WKH�VLWHV��)LJXUH������
$QWOHU�WLQH�SRLQWV�DUH�QRW�FRPPRQO\�SUHVHUYHG�RQ�
&DGGR�VLWHV��EXW�WKH\�KDYH�EHHQ�IRXQG�LQ�%HOFKHU�DQG�

)LJXUH�����+XJKHV�VLWH�SODQ�

)LJXUH����6HFWLRQLQJ�)HDWXUH����(8�1���(���������+XJKHV�
VLWH��-XO\�������$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK���
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&KDNDQLQD�SKDVH�FRQWH[WV�LQ�WKH�5HG�5LYHU�YDOOH\��H�J���
.D\���������������.HOOH\�������������0F.LQQRQ�
���������:HEE���������������
� 7KHUH�ZDV�ZHOO�SUHVHUYHG�DQLPDO�ERQH�IRXQG�
DW�ERWK�VLWHV��1RQH�RI�WKH�IDXQDO�PDWHULDO�IURP�+HGJHV�
KDV�EHHQ�IRUPDOO\�DQDO\]HG��EXW�/XFUHWLD�.HOO\�DQDO\]HG�
D�IDXQDO�VDPSOH�IURP�+XJKHV�LQ�������6KH�IRXQG�WKDW�
PDPPDOV�PDGH�XS�WKH�ODUJHVW�FDWHJRU\��ZLWK�GHHU�
DQG�VTXLUUHOV�PRVW�FRPPRQ��5HVLGHQWV�XVHG�WXUWOHV�
DQG�PXVVHOV�EXW�WKHUH�ZHUH�UHODWLYHO\�IHZ�ERQHV�IURP�
ELUGV�DQG�¿VK��7KHUH�ZDV�D�SUHGRPLQDQFH�RI�WHUUHVWULDO�
DQLPDOV�DV�FRPSDUHG�ZLWK�DTXDWLF�RQHV��,Q�DGGLWLRQ�WR�
WKH�ERQH�RU�DQWOHU�SRLQWV��WKHUH�DUH�VHYHUDO�RWKHU�ZRUNHG�
ERQH�WRROV�LQ�WKH�IRUP�RI�DQWOHU�WLQH�NQDSSLQJ�WRROV�DQG�
SLHUFHG�PXVVHO�VKHOO�KRHV�IURP�+HGJHV�DQG�+XJKHV��

7DEOH����$UWLIDFW�7RWDOV�

)LJXUH����6DPSOH�RI�DUURZ�SRLQWV�IURP�+HGJHV��OHIW��DQG�+XJKHV��ULJKW����D�F��%DVVHWW���G�H��0DXG�YDU��0DXG���I��0DXG�YDU��
+RSSHU��$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSKV��

)LJXUH����%RQH�SRLQWV���D��+HGJHV���E��+XJKHV��$UNDQVDV�
$UFKHRORJLFDO�6XUYH\�SKRWRJUDSKV��
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6HYHUDO�RUQDPHQWV�ZHUH�IRXQG��LQFOXGLQJ�D�ERQH�KDLUSLQ�
IURP�+HGJHV��DQG�WKUHH�IUDJPHQWV�RI�ZRUNHG�ERQH�
�HDUVSRRO�IUDJPHQWV��IURP�+XJKHV��2WKHU�DUWLIDFWV�
LQFOXGHG�D�FHUDPLF�GLVN�IUDJPHQW��D�GULOOHG�EODFN�VWRQH�
EHDG��DQG�D�GULOOHG�DQG�SROLVKHG�WULDQJXODU�RUQDPHQW�RI�
EODFN�VWRQH�IURP�+HGJHV��:H�FDQ�LQWHUSUHW�WKDW�FUDIWLQJ�
WRRN�SODFH�KHUH��EDVHG�QRW�RQO\�E\�WKH�RUQDPHQWV�EXW�E\�
WKH�SUHVHQFH�RI�VHYHUDO�VPDOO�FKLSSHG�VWRQH�GULOO�ELWV�DW�
ERWK�VLWHV��VHH�DOVR�.HOOH\�������������
� &HUDPLF�VKHUGV�IRUPHG�WKH�ODUJHVW�FDWHJRU\�
RI�DUWLIDFWV�UHFRYHUHG�GXULQJ�H[FDYDWLRQV�DW�ERWK�VLWHV��
7ZR�ZKROH�YHVVHOV��D�MDU�DQG�D�VHHG�MDU��KDYH�EHHQ�
UHFRQVWUXFWHG�IURP�VKHUGV�IRXQG�LQ�WKH�ÀRRU�GHEULV�
IURP�WKH�)HDWXUH���VWUXFWXUH�DW�+HGJHV��)LJXUH�����0RVW�
RI�WKH�SRWWHU\�IURP�ERWK�VLWHV�WRRN�WKH�IRUP�RI�VKHUGV��
7HPSHU�FDWHJRULHV�LQFOXGHG�VKHOO��JURJ��DQG�D�PL[HG�
RWKHU�FDWHJRU\��VKHOO�JURJ�ZDV�LGHQWL¿HG�DV�D�VHSDUDWH�
FDWHJRU\�RQO\�IRU�WKH�+HGJHV�GHFRUDWHG�DQG�ULP�VKHUGV��
UHVXOWLQJ�LQ�D�KLJKHU�SURSRUWLRQ�RI�³PL[HG�RWKHU´�
WHPSHUV�WKHUH���6KHOO�ZDV�XVHG�WR�WHPSHU�D�PDMRULW\�RI�
VKHUGV�DW�ERWK�VLWHV��EXW�D�ODUJHU�SURSRUWLRQ�RI�JURJ�
WHPSHUHG�VKHUGV�FDPH�IURP�+HGJHV��7DEOH�����$GGLQJ�
VKHOO�DV�D�WHPSHU�ZDV�DQ�LQQRYDWLRQ�WKDW�RFFXUUHG�ODWH�LQ�
WKH�&DGGR�SHULRG��DQG�LWV�DSSHDUDQFH�KDV�EHHQ�XVHG�DV�D�
³WLPH�PDUNHU´��3HUWWXOD�HW�DO��������
� 8VLQJ�VWUDWLJUDSKLF�LQIRUPDWLRQ�IURP�ERWK�
VLWHV��ZH�FDQ�VHH�HYLGHQFH�IRU�WKLV�LQFUHDVHG�XVH�RI�VKHOO�
DV�WHPSHU��)LJXUH�����,Q�SDUWLFXODU��JURJ�WHPSHULQJ�LV�
SUHGRPLQDQW�LQ�WKH�+HGJHV�7HVW�3LW����DQG�HVSHFLDOO\�LWV�
ORZHVW�6WUDWXP�����7KHUH�LV�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�
RI�VKHOO�WHPSHU�IURP�ORZHU�WR�XSSHU�GHSRVLWV�LQ�WKH�
+HGJHV�%ORFN�([FDYDWLRQ�DUHD��DQG�LQ�WKH�QHDU�PRXQG�
QRUWKHDVW�H[FDYDWLRQ�XQLWV�DW�+XJKHV��7KLV�FRUUHVSRQGV�
WR�DQ�LQFUHDVHG�XVH�RI�VKHOO�WHPSHU�ODWHU�LQ�WKH�
RFFXSDWLRQV�RI�ERWK�VLWHV��7KH�DYDLODEOH�GDWHV�IURP�WKHVH�

WZR�VLWHV�DUH�VRPHZKDW�DW�RGGV�ZLWK�WKLV�FHUDPLF�GDWD��
,Q�SDUWLFXODU��WKH�UDGLRFDUERQ�GDWH�IRU�WKH�PLGGHQ�DERYH�
+HGJHV�)HDWXUH���LV�ODWHU�WKDQ�WKH�DUFKDHRPDJQHWLF�GDWH�
HVWLPDWH�IRU�)HDWXUH����ZKLOH�WKH�SURSRUWLRQ�RI�VKHOO�
WHPSHULQJ�LV�ODUJHU�LQ�WKH�)HDWXUH���VDPSOH��7KH�+XJKHV�
GDWHV��IURP�)HDWXUH���PLGGOH�GHSRVLW�DQG�)HDWXUHV���DQG�
���ORZHU�GHSRVLW��¿W�ZLWK�WKH�VWUDWLJUDSKLF�UHODWLRQVKLS�
WKHUH��EXW�WKH�SUH������GDWHV�RQ�WKH�ORZHU�IHDWXUH�VHHP�
HDUOLHU�WKDQ�H[SHFWHG�IURP�WKH�FHUDPLFV�
� :H�H[DPLQHG�GHFRUDWHG�FHUDPLF�VKHUGV�XVLQJ�
ERWK�W\SH�YDULHW\�DQG�WKH�GHVFULSWLYH�FODVVL¿FDWLRQ�
V\VWHPV��,Q�WKH�GHVFULSWLYH�V\VWHP��&ODVVHV�$�DQG�%�
UHIHU�WR�SUHGRPLQDQWO\�LQFLVHG�RU�WUDLOHG�OLQH�SDWWHUQV�
�$�KDV�YHUWLFDO�RU�GLDJRQDO�UHFWLOLQHDU�SDWWHUQV�ZKLOH�%�
XVHV�KRUL]RQWDO�DQG�FXUYLOLQHDU�SDWWHUQV���&ODVV�&�UHIHUV�
WR�SXQFWDWHG�GHFRUDWLRQV��&ODVV�'�KDV�EUXVKLQJ�DV�WKH�
PDMRU�GHFRUDWLRQ��&ODVV�(�LV�HQJUDYHG�SDWWHUQV��)�KDV�
VWDPSHG�GHFRUDWLRQV��*�LV�UHVHUYHG�IRU�VOLSSHG�SRWWHU\��
DQG�&ODVV�+�UHIHUV�WR�DSSOLTXHG��ULGJHG��DQG�QRGHG�
GHFRUDWLRQV��&RPSDULQJ�GHFRUDWLYH�FODVVHV�DW�WKH�+HGJHV�
DQG�+XJKHV�FHUDPLF�DVVHPEODJHV��)LJXUH������ZH�¿QG�
WKDW�VPDOO�VKHUGV�ZLWK�LQFLVHG�GHVLJQV�LQVXI¿FLHQW�WR�
GLIIHUHQWLDWH�DV�$�RU�%�DUH�FRPPRQ�DW�ERWK�VLWHV��&ODVV�
&��SXQFWDWLRQ��DQG�&ODVV�'��EUXVKLQJ��DUH�PRUH�KHDYLO\�
UHSUHVHQWHG�DW�+XJKHV�WKDQ�DW�+HGJHV��(QJUDYHG�VKHUGV�
�&ODVV�(��PDNH�XS�PRUH�RI�WKH�+HGJHV�DVVHPEODJH����
SHUFHQW�IRU�+HGJHV����SHUFHQW�IRU�+XJKHV��
� 6RPH�GHFRUDWLYH�SDWWHUQV�FDQ�EH�UHFRJQL]HG�
DV�GH¿QHG�FHUDPLF�W\SHV�IURP�WKH�&DGGR�DUHD��)RU�
H[DPSOH��WKH�+HGJHV�6WUDWXP����DVVHPEODJH�KDG�PDQ\�
LQFLVHG�DQG�SXQFWDWHG�VKHUGV��ZLWK�JURJ��RU�RFFDVLRQDOO\�
JURJ�VKHOO�RU�VKHOO��WHPSHU��ZLWK�&ODVV�%�ULP��%HORLW�RU�
%HWKHO��DQG�ERG\��%DUG��SDWWHUQV��LGHQWL¿HG�DV�0LOLWDU\�
5RDG�,QFLVHG�MDUV��(DUO\������������&RPPRQ�DW�ERWK�
VLWHV�ZHUH�URZV�RI�GLDJRQDO�VODVK�LQFLVLQJ��&ODVV�$��

7DEOH����6KHUG�7HPSHU�&RPSDULVRQV�
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)LJXUH����5HFRQVWUXFWHG�SRWV�IURP�+HGJHV�)HDWXUH���VWUXFWXUH�ÀRRU��$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK���

)LJXUH����6WUDWLJUDSKLF�FRPSDULVRQ�RI�FHUDPLF�WHPSHUV��
VKRZLQJ�LQFUHDVH�LQ�SURSRUWLRQ�RI�VKHOO�WHPSHULQJ�
WKURXJK�WLPH��+HGJHV��Q �����VKHUGV��+XJKHV�Q �����
VKHUGV��

)LJXUH�����&RPSDULVRQ�RI�FHUDPLF�GHFRUDWLYH�FODVVHV�
�+HGJHV��Q �����VKHUGV��+XJKHV��Q �����VKHUGV��
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$JQHV�RU�$OIUHG�SDWWHUQV��RU�SXQFWDWLRQV��&ODVV�&��
&KDWWDQRRJD�SDWWHUQ��RQ�ULPV��DQG�FXUYLOLQHDU�WUDLOLQJ�
RU�LQFLVLQJ�DQG�QRGHV�RQ�ERGLHV��&ODVV�%��%DEVRQ��
%DNHU��RU�%HOPRQW�SDWWHUQV���$W�ERWK�VLWHV��WKHVH�VKHUGV�
ZHUH�WHPSHUHG�W\SLFDOO\�ZLWK�VKHOO�RU�VKHOO�JURJ��7KLV�
FRPELQDWLRQ�RI�GHFRUDWLRQ�DQG�WHPSHU�LV�FKDUDFWHULVWLF�
RI�)RVWHU�7UDLOHG�,QFLVHG�MDUV��(DUO\�������������
6FKDPEDFK�DQG�0LOOHU����������������2WKHU�SDWWHUQV�
VHHQ�RQ�VKHOO�WHPSHUHG�ULPV�DQG�ERGLHV�DW�ERWK�VLWHV�
LQFOXGH�WKH�&KDWKDP�ULP�SDWWHUQ�FRPPRQ�RQ�&RZKLGH�
³6WDPSHG´�MDUV�DQG�WKH�&DQH\�ERG\�SDWWHUQ�RIWHQ�IRXQG�
RQ�&DQH\�3XQFWDWHG�MDUV��(QJUDYHG�SDWWHUQV�LQFOXGHG�
FDULQDWHG�ERZO�ULPV�ZLWK�(ODLQH��(OZ\Q��DQG�(]UD�
SDWWHUQV�FKDUDFWHULVWLF�RI�)ULHQGVKLS�(QJUDYHG�YDU��
)UHHPDQ�DQG�YDU��0HDGRU�DQG�&RRN�(QJUDYHG�W\SHV�
�(DUO\�������������
� :H�FDQ�LGHQWLI\�D�QXPEHU�RI�W\SHV�DW�WKH�
VLWHV��7DEOH�����DQG�WKH�FHUDPLF�VLPLODULWLHV�LQGLFDWH�
FRQWHPSRUDQHRXV�RFFXSDWLRQV�DW�+HGJHV�DQG�+XJKHV��
7KHUH�DUH�D�IHZ�:RRGODQG�SHULRG�VKHUGV�DW�+XJKHV��DQG�
D�VFDWWHU�RI�0LGGOH�&DGGR�SHULRG��(DVW�SKDVH��VKHUGV�
DW�ERWK�VLWHV��7KHUH�LV�D�VXEVWDQWLDO�/DWH�&DGGR�SHULRG�
�0LG�2XDFKLWD�SKDVH��GHSRVLW�UHFRJQL]HG�LQ�6WUDWXP�
���DW�+HGJHV��ZLWK�D�OLJKW�VFDWWHU�RI�WKH�VDPH�W\SHV�DW�
+XJKHV��7KH�PDLQ�RFFXSDWLRQ�DW�ERWK�VLWHV�¿WV�LQWR�WKH�
/DWH�&DGGR�SHULRG��7KH�6RFLDO�+LOO�SKDVH�ZDV�GH¿QHG�
LQ�WKH�PLGGOH�2XDFKLWD�5LYHU�YDOOH\�LQ�SDUW�EDVHG�RQ�
WKH�+HGJHV�FHUDPLFV��%HFDXVH�RI�WKH�VLPLODULWLHV�LQ�
WKH�FHUDPLFV�DQG�RWKHU�PDWHULDO�FXOWXUH��,�DQWLFLSDWH�
H[WHQGLQJ�WKH�6RFLDO�+LOO�SKDVH�LQWR�WKH�6DOLQH�5LYHU�
YDOOH\�
� 7KH�OLQN�EHWZHHQ�GHFRUDWLYH�SDWWHUQV�DQG�
WHPSHU�UHFLSHV�ZLWK�FHUDPLF�W\SHV�DQG�YDULHWLHV�LV�
OHVV�WKDQ�VWUDLJKWIRUZDUG��)RU�H[DPSOH��ZH�PLJKW�VRUW�
VPDOO��EUXVKHG�VKHOO�WHPSHUHG�VKHUGV�DV�*UDFH�%UXVKHG�
RU�0RXQG�7UDFW�,QFLVHG�DQG�%UXVKHG�LI�ZH�ORRN�IURP�
WKH�SHUVSHFWLYH�RI�VRXWKHDVW�$UNDQVDV��RU�DV�.DUQDFN�
%UXVKHG�,QFLVHG�LI�ZH�DUH�WKLQNLQJ�DERXW�&DGGR�W\SHV�
IURP�VRXWKZHVW�$UNDQVDV��7KHUH�ZHUH�D�IHZ�VKHUGV�
IRXQG�DW�+XJKHV�WKDW�UHVHPEOH�FHUDPLFV�IURP�VLWHV�LQ�WKH�
$UNDQVDV�DQG�0LVVLVVLSSL�ULYHU�YDOOH\V��7KHVH�LQFOXGH�
ULP�VKHUGV�ZLWK�DQ�DSSOLTXHG�³¿OOHWHG´�ULP�WUHDWPHQW�
VLPLODU�WR�VRPH�%HOO�3ODLQ�ERZOV��WZR�UHG�VOLSSHG�VKHOO�
WHPSHUHG�VKHUGV�LGHQWL¿HG�DV�2OG�7RZQ�5HG�
� :KLOH�ZH�GLG�QRW�VSHFL¿FDOO\�FRPSDUH�FRDUVH�
XWLOLWDULDQ�ZDUHV�YHUVXV�¿QH�ZDUHV�GXULQJ�RXU�DQDO\VLV��

&DGGR�SRWWHUV�XVHG�GLIIHUHQW�GHFRUDWLYH�WHFKQLTXHV�RQ�
ERZOV��ERWWOHV��DQG�MDUV��:H�FDQ�XVH�GHFRUDWLRQ�WR�LQIHU�
YHVVHO�IRUP��7KH�SURPLQHQFH�RI�LQFLVHG��SXQFWDWHG��
DQG�EUXVKHG�GHFRUDWLRQV�VKRZV�D�KLJK�SURSRUWLRQ�RI�
XWLOLWDULDQ�ZDUHV�RU�MDUV�LQ�ERWK�DVVHPEODJHV��5HODWLYHO\�
IHZ�ERWWOHV�RU�¿QH�ZDUH�YHVVHO�IUDJPHQWV�ZHUH�LGHQWL¿HG�
DW�HLWKHU�VLWH��6RRWLQJ�ZDV�QRW�SDUWLFXODUO\�SUHYDOHQW��EXW�
,�GLG�QRWH�VRPH�ODUJH�GLDPHWHU�MDUV�UHSUHVHQWHG�E\�SDUWLDO�
YHVVHOV�DW�ERWK�VLWHV��7KH�WZR�UHFRQVWUXFWHG�YHVVHOV�IURP�
WKH�)HDWXUH���VWUXFWXUH�ÀRRU�DW�+HGJHV�LV�D�UHPLQGHU�WKDW�
ZKROH�YHVVHOV�ZHUH�VRPHWLPHV�OHIW�LQ�VWUXFWXUHV��H�J���
+DUULQJWRQ��������������QRW�MXVW�SODFHG�LQ�JUDYHV�

&RPPXQLW\�3DWWHUQLQJ

7KH�+HGJHV�DQG�+XJKHV�VLWHV�VKRZ�VLPLODULWLHV�LQ�WKHLU�
FRPPXQLW\�SDWWHUQV��DV�VHHQ�LQ�WKH�VFKHPDWLF�YLHZV�
LQ�)LJXUH�����([FDYDWLRQV�DW�ERWK�VLWHV�XQFRYHUHG�
UHVLGXHV�RI�EXUQHG�VWUXFWXUHV�FRYHUHG�ZLWK�PLGGHQ�QH[W�
WR�WKH�PDLQ�PRXQGV��6HTXHQFHV�RI�EXLOGLQJ��XVLQJ��
DQG�WHUPLQDWLQJ�WKHVH�QHDU�PRXQG�VWUXFWXUHV�FUHDWHG�
HOHYDWHG�DUHDV�EHVLGH�WKH�PRXQGV�WKDW�DUH�YLVLEOH�RQ�WKH�
WRSRJUDSKLF�PDSV�RI�WKH�VLWHV��&RYHULQJ�WKHVH�EXUQHG�
VWUXFWXUHV�ZLWK�PLGGHQ�ULFK�LQ�RUJDQLF�GHEULV��SRWVKHUGV��
DQG�IRRG�ERQH�UHSUHVHQWV�D�GLIIHUHQW�SDWWHUQ�WKDQ�WKH�
FOHDQ�DUWLIDFW�IUHH�HDUWK�XVHG�WR�EXU\�PRXQG�VWUXFWXUHV��
%RWK�VLWHV�KDYH�TXDQWLWLHV�RI�IRRG�UHPDLQV��ZHOO�
SUHVHUYHG�IDXQDO�FROOHFWLRQV��DV�ZHOO�DV�KLQWV�RI�FUDIWLQJ�
DFWLYLW\��H�J���GULOOV�DQG�GULOOHG�RUQDPHQWV��
� :KDW�LV�ODFNLQJ�IURP�RXU�SLFWXUHV�RI�WKHVH�
VLWHV�DUH�WKH�UHVLGHQWLDO�DUHDV�DQG�KRXVHV�WKDW�ZHUH�QHDU�
WKH�PRXQG�FHQWHUV��5HPRWH�VHQVLQJ�ZDV�QRW�SRVVLEOH�DW�
+XJKHV�EHFDXVH�WKH�SURSHUW\�LV�QRZ�LQ�ZRRGV�DQG�WKDW�

7DEOH����&HUDPLF�7\SHV�,GHQWL¿HG�DW�+HGJHV�DQG�+XJKHV�
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WHFKQRORJ\�ZDV�LQ�LWV�LQIDQF\�DW�WKH�WLPH�RI�WKH�+HGJHV�
H[FDYDWLRQV�LQ�WKH�HDUO\�����V��VR�ZH�GR�QRW�KDYH�WKH�
DGYDQWDJHV�RI�ODUJH�VFDOH�JHRSK\VLFDO�VXUYH\LQJ��FI��
0F.LQQRQ������������1HLWKHU�GLG�ZH�KDYH�ODUJH�VFDOH�
DUHD�H[FDYDWLRQV�DW�WKHVH�VLWHV��:H�GLG�GR�V\VWHPDWLF�
VKRYHO�WHVWLQJ�DW�+XJKHV��DQG�WKHUH�ZDV�OLPLWHG�DXJHU�
WHVWLQJ�WR�LGHQWLI\�WKH�SUHVHQFH�RI�PLGGHQ�DW�+HGJHV��
$QHFGRWDO�UHSRUWV�RI�GLJJLQJ�E\�DPDWHXUV�DQG�FROOHFWRUV�
DW�ERWK�VLWHV�LQGLFDWHV�FHPHWHU\�DUHDV�QHDU�WKH�PRXQGV��
:H�ZRXOG�H[SHFW�UHVLGHQWLDO�DUHDV�DQG�KRXVHV�DV�ZHOO��
3UHVXPDEO\��WKHVH�ZRXOG�WDNH�WKH�IRUP�RI�KRXVH�FOXVWHUV�
DURXQG�WKH�PRXQG�FHQWHUV��2QH�PD\�EH�UHSUHVHQWHG�E\�
WKH�KHDUWK��)HDWXUH����H[SRVHG�RQ�WKH�QRUWK�HQG�RI�WKH�
+XJKHV�VLWH��,I�WKHVH�RUGLQDU\�KRXVHV�ZHUH�QRW�EXUQHG�
�RU�ZHUH�QRW�VPRWKHUHG�ZLWK�GLUW�WR�SUHVHUYH�FKDUUHG�
WLPEHUV���DOO�WKDW�ZRXOG�EH�OHIW�ZRXOG�EH�D�SRVW�SDWWHUQ��
GLI¿FXOW�WR�GHWHFW�ZLWKRXW�ODUJH�H[FDYDWLRQ�DUHDV��

&RQFOXGLQJ�7KRXJKWV

,QWHUSUHWDWLRQ�RI�WKHVH�WZR�PRXQG�VLWHV�DQG�WKHLU�
DVVHPEODJHV�FRQWLQXHV�DV�,�FRPSOHWH�D�PRQRJUDSK�
GHVFULELQJ�DQG�FRPSDULQJ�WKH�DUFKDHRORJLFDO�
LQYHVWLJDWLRQV�DW�WKHVH�WZR�DQFHVWUDO�&DGGR�
FRPPXQLWLHV��:H�DUH�IRUPLQJ�D�SLFWXUH�RI�WKH�SK\VLFDO�

FRQ¿JXUDWLRQ�RI�WKH�VLWHV��WKH�VSDWLDO�OD\RXW�RI�WKH�
FRPPXQLWLHV��DQG�WKH�WLPLQJ�DQG�SDWWHUQLQJ�RI�DFWLYLWLHV�
WKDW�WRRN�SODFH�WKHUH��:KLOH�WKHUH�LV�HDUOLHU�XVH�RI�ERWK�
VLWHV��WKH�PDLQ�RFFXSDWLRQ�DW�+XJKHV�DQG�+HGJHV�WRRN�
SODFH�EHWZHHQ�DERXW�$�'�������������7KH�DUWLIDFWV�VKRZ�
VLPLODULWLHV��ZLWK�FHUDPLF�W\SHV�VXFK�DV�)RVWHU�7UDLOHG�
,QFLVHG��0RXQG�7UDFW�,QFLVHG�DQG�%UXVKHG��&RZKLGH�
6WDPSHG��*UDFH�%UXVKHG��DQG�&DQH\�3XQFWDWHG��DQG�
%DVVHWW�DQG�0DXG�DUURZ�SRLQWV��IRXQG�DW�ERWK�VLWHV�
� ([FDYDWLRQV�QH[W�WR�WKH�PRXQGV�DW�+XJKHV�
DQG�+HGJHV�XQFRYHUHG�VHTXHQFHV�RI�EXUQHG�VWUXFWXUHV�
FRYHUHG�ZLWK�PLGGHQ�FRQWDLQLQJ�TXDQWLWLHV�RI�FHUDPLF�
VKHUGV��FKLSSHG�VWRQH��FKDUUHG�ZRRG��DQG�IRRG�ERQH��
:KLOH�LW�LV�WHPSWLQJ�WR�GHVFULEH�³VSHFLDO´�IHDVWLQJ�DQG�
FUDIWLQJ�DFWLYLWLHV�LQ�WKHVH�QHDU�PRXQG�ORFDWLRQV��LW�LV�
GLI¿FXOW�WR�PDNH�WKH�DUJXPHQW�ZLWKRXW�FRPSDULVRQV�
ZLWK�PLGGHQ�IURP�RUGLQDU\�KRXVHV��7KH�TXDQWLWLHV�RI�
IDXQDO�PDWHULDO�LQ�WKH�H[FDYDWHG�PLGGHQ�GHSRVLWV�DW�ERWK�
VLWHV��KRZHYHU��UHPLQGV�XV�WKDW�ZH�QHHG�WR�SD\�PRUH�
DWWHQWLRQ�WR�DQDO\VLV�RI�SUHVHUYHG�IRRG�UHPDLQV�IURP�
VLWHV�OLNH�WKHVH��$W�WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
IRU�H[DPSOH��ZH�KDYH�FXUDWHG�FROOHFWLRQV�IURP�ROGHU�
H[FDYDWLRQV�WKDW�LQFOXGH�FKDUUHG�IRRG�SODQWV�DQG�DQLPDO�
ERQH�IURP�VWUXFWXUH�FRQWH[WV��7KHVH�DZDLW�D�ODUJHU�
FRPSDUDWLYH�VWXG\�
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