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+DUVKEDUJHU� DQG� RWKHUV� �������ZRUNLQJ� LQ� WKH� DUHD�
RI�WKH�1DYDMR�,QGLDQ�5HVHUYDWLRQ�RI�QRUWK�FHQWUDO�$UL]RQD�
GH¿QHG� WKH� WHUP�0RHQDYH�)RUPDWLRQ� IRU�D�PDSSDEOH� VH�
TXHQFH� RI� UHG�FRORUHG�� ULYHU�GHSRVLWHG� VDQGVWRQHV� DW� WKH�
WRS�RI� WKH�&KLQOH�)RUPDWLRQ� WKDW�ZHUH�ZHOO�H[SRVHG�QHDU�
WKH�3DLXWH�YLOODJH�RI�0RHQDYH��ZHVW�RI�7XED�&LW\��$UL]RQD�
�¿JXUH�����7KH\�LQFOXGHG�WKH�IRUPDWLRQ�LQ�WKH�ORZHU�SDUW�RI�
WKH�*OHQ�&DQ\RQ�*URXS�DQG�UHFRJQL]HG�LW�DV�RYHUO\LQJ�WKH�
VDQG�GXQH�GHSRVLWV�RI�WKH�:LQJDWH�6DQGVWRQH��6XEVHTXHQW�
UHVHDUFKHUV�KDYH�UHFRJQL]HG�WKDW�DW� OHDVW�SDUW�RI�WKH�:LQ�
JDWH�LV�D�ODWHUDO�HTXLYDOHQW�RI�WKH�0RHQDYH�)RUPDWLRQ�DQG�
UHSODFHV�LW�WR�WKH�QRUWKHDVW��H�J���%ODNH\��������

+DUVKEDUJHU�DQG�RWKHUV��������GLYLGHG�WKH�0RHQDYH�
)RUPDWLRQ� LQWR� WZR� PHPEHUV� RQ� WKH� 1DYDMR� UHVHUYDWLRQ�
LQ�QRUWK�FHQWUDO�$UL]RQD��$�EDVDO�¿QH�JUDLQHG��RUDQJH�UHG�
VDQGVWRQH�LQWHUYDO�ZDV�QDPHG�WKH�'LQRVDXU�&DQ\RQ�0HP�
EHU�IRU�DQ�DUHD�DERXW����NLORPHWHUV�����PL��HDVW�RI�&DP�
HURQ��$UL]RQD��RQ�:DUG�7HUUDFH��7KH\�DOVR�UHFRJQL]HG�WKDW�
WKH�FRQJORPHUDWLF�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�*UH�
JRU\��������FRXOG�EH�WUDFHG�VRXWKHDVW�IURP�=LRQ�&DQ\RQ�
DORQJ� WKH� 8WDK�$UL]RQD� ERUGHU� LQWR� WKH� 1DYDMR� FRXQWU\��
DORQJ�WKH�(FKR�&OLIIV��ZKHUH�LW�RYHUOLHV�WKH�'LQRVDXU�&DQ�
\RQ�0HPEHU� DV� D� FDSSLQJ�PHPEHU�RI� WKH�0RHQDYH�)RU�
PDWLRQ�SULRU�WR�LW�SLQFKLQJ�RXW�QRUWK�RI�0RHQDYH��$UL]RQD�
�¿JXUH�����6XEVHTXHQWO\��LW�ZDV�UHFRJQL]HG�WKDW�DQ�XQFRQ�

IRUPLW\�DW�WKH�EDVH�RI�WKH�.D\HQWD�)RUPDWLRQ�DOVR�VHSDUDW�
HG�WKH�6SULQJGDOH�6DQGVWRQH�0HPEHU�IURP�WKH�XQGHUO\LQJ�
VWUDWD�LQ�WKH�0RHQDYH�)RUPDWLRQ��DQG�WKH�6SULQJGDOH�ZDV�
UHDVVLJQHG�WR�WKH�EDVH�RI�WKH�RYHUO\LQJ�.D\HQWD�)RUPDWLRQ�
�0DU]ROI��������������/XFDV�DQG�+HFNHUW��������/XFDV�DQG�
7DQQHU��������

,Q� ������:LOVRQ� UHFRJQL]HG� D� VHULHV� RI� WKLQ�EHGGHG�
VKDOHV��OLPHVWRQHV��DQG�VDQGVWRQHV�WKDW�VHSDUDWHG�WKH�'LQR�
VDXU�&DQ\RQ�0HPEHU�IURP�WKH�RYHUO\LQJ�6SULQJGDOH�6DQG�
VWRQH�0HPEHU�DORQJ�WKH�$UL]RQD�6WULS�LQ�QRUWKZHVWHUQ�$UL�
]RQD�DQG� LQ� VRXWKZHVWHUQ�8WDK�ZHVW�RI�.DQDE��8WDK��+H�
QDPHG�WKHVH�VWUDWD�WKH�:KLWPRUH�3RLQW�0HPEHU�IRU�:KLW�
PRUH�3RLQW�RQ�WKH�VRXWKHUQ�HQG�RI�0RFFDVLQ�0RXQWDLQ�LQ�
WKH�9HUPLOOLRQ�&OLIIV� RI� QRUWKZHVWHUQ�$UL]RQD� �¿JXUH� ����
:LOVRQ��������DOVR�GH¿QHG�WKH�FRQWDFW�EHWZHHQ�WKH�'LQR�
VDXU�&DQ\RQ�DQG�:KLWPRUH�3RLQW�PHPEHUV�LQ�WKH�DUHD�QHDU�
/HHGV��8WDK��DW�D� OLPHVWRQH�EHG�SDUWLDOO\�UHSODFHG�E\�UHG�
FKHUW��7KLV�EHG�KDV�EHHQ�XVHG�WR�GH¿QH�WKH�FRQWDFW�EHWZHHQ�
WKHVH� PHPEHUV� RYHU� PXFK� RI� VRXWKZHVWHUQ� 8WDK� �%LHN��
����D������E���������8QIRUWXQDWHO\��WKH�W\SH�VHFWLRQ�KLJK�
RQ�:KLWPRUH�3RLQW��:LOVRQ��������LV�GLI¿FXOW�WR�DFFHVV�RQ�
WKH�ZHVWHUQ�VLGH�WKH�.DLEDE�3DLXWH�,QGLDQ�5HVHUYDWLRQ��7KH�
:KLWPRUH�3RLQW�0HPEHU�ZDV�GHSRVLWHG� LQ�DQG�DORQJ� WKH�
PDUJLQV�RI�DQ�H[WHQVLYH�ODNH�UHIHUUHG�WR�LQ�WKH�6W��*HRUJH�
DUHD�DV�/DNH�'L[LH� �.LUNODQG�DQG�RWKHUV��������.LUNODQG�
DQG�0LOQHU�� ������0LOQHU� DQG� 6SHDUV�� ������0LOQHU� DQG�
RWKHUV��������

THE WHITMORE POINT MEMBER OF THE MOENAVE
FORMATION IN ITS TYPE AREA IN NORTHERN ARIZONA
AND ITS AGE AND CORRELATION WITH THE SECTION

IN ST. GEORGE, UTAH: EVIDENCE FOR TWO MAJOR
LACUSTRINE SEQUENCES

$%675$&7�

7KH�/RZHU�-XUDVVLF�:KLWPRUH�3RLQW�0HPEHU�LV�D�ZLGHVSUHDG�ODFXVWULQH�XQLW�DW�WKH�WRS�RI�WKH�0RHQDYH�)RU�
PDWLRQ�WKDW�FDQ�EH�WUDFHG�DFURVV�VRXWKZHVWHUQ�8WDK�DQG�QRUWKHDVWHUQ�$UL]RQD��7KH�VKRUHOLQH�WR�WKH�QRUWKHDVW�RI�WKH�
RXWFURS�EHOW�WUHQGV�QRUWKZHVW�WR�VRXWKHDVW��DQG�WKH�FHQWUDO�SDUW�RI�WKH�ODNH�LV�LQWHUSUHWHG�WR�EH�VRXWKZHVW�RI�WKH�RXW�
FURS�EHOW��7KH�GHWDLOHG�GHVFULSWLRQ�RI�WZR�RI�WKH�PRVW�VRXWKZHVWHUQ��RIIVKRUH��VHFWLRQV�DW�WKH�6W��*HRUJH�'LQRVDXU�
'LVFRYHU\�6LWH�DW�-RKQVRQ�)DUP�LQ�VRXWKZHVWHUQ�8WDK�DQG�D�UHIHUHQFH�VHFWLRQ�DW�3RWWHU�&DQ\RQ�QHDU�WKH�W\SH�VHFWLRQ�
LQ�QRUWK�FHQWUDO�$UL]RQD�UHYHDOV�WKDW�WZR�PDMRU�ODNH�F\FOHV�DUH�UHFRUGHG�E\�WKHVH�VWUDWD��$YDLODEOH�SDOHRPDJQHWLF�
DQG�ELRVWUDWLJUDSKLF�GDWD�VXSSRUW�DQ�HDUOLHVW�-XUDVVLF��+HWWDQJLDQ��DJH�IRU�WKH�XSSHU�SRUWLRQ�RI�WKH�VWUDWD�DQG�SRVVLEO\�
WKH�HQWLUH�0RHQDYH�)RUPDWLRQ�

E\
-DPHV�,��.LUNODQG���$QGUHZ�5�&��0LOQHU���3DXO�(��2OVHQ���DQG�-HQQLIHU�(��+DUJUDYH�

�8WDK�*HRORJLFDO�6XUYH\��6DOW�/DNH�&LW\��87��MDPHVNLUNODQG#XWDK�JRY
�6W��*HRUJH�'LQRVDXU�'LVFRYHU\�6LWH�DW�-RKQVRQ�)DUP��6W��*HRUJH��87�
DUFPLOQHU#JPDLO�FRP
�/DPRQW�'RKHUW\�(DUWK�2EVHUYDWRU\��1HZ�<RUN��1<��SROVHQ#OGHR�FROXPELD�HGX
�'HSDUWPHQW�RI�3K\VLFDO�6FLHQFH��6RXWKHUQ�8WDK�8QLYHUVLW\��&HGDU�&LW\��87�
MHQQLIHUKDUJUDYH#VXX�HGX

.LUNODQG��-�,���0LOQHU��$�5�&���2OVHQ��3�(���DQG�+DUJUDYH��-�(���������7KH�:KLWPRUH�
3RLQW�0HPEHU�RI� WKH�0RHQDYH�)RUPDWLRQ� LQ� LWV� W\SH�DUHD� LQ�QRUWKHUQ�$UL]RQD�
DQG�LWV�DJH�DQG�FRUUHODWLRQ�ZLWK�WKH�VHFWLRQ�LQ�6W��*HRUJH��8WDK²HYLGHQFH�IRU�
WZR�PDMRU� ODFXVWULQH� VHTXHQFHV�� LQ�0DF/HDQ�� -�6���%LHN��5�)��� DQG�+XQWRRQ��
-�(���HGLWRUV��*HRORJ\�RI�8WDK¶V�)DU�6RXWK��8WDK�*HRORJLFDO�$VVRFLDWLRQ�3XEOLFD�
WLRQ�����S�����±����
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

$� VHULHV� RI� UHJLRQDO� XQFRQIRUPLWLHV� ZLWKLQ� 7ULDVVLF�
WKURXJK� -XUDVVLF� VWUDWD�RQ� WKH�&RORUDGR�3ODWHDX�ZDV�SUR�
SRVHG�E\�3LSLULQJRV�DQG�2¶6XOOLYDQ��������DV�D�IUDPHZRUN�
IRU� SDOHRJHRJUDSKLF� DQG� SDOHRHQYLURQPHQWDO� UHFRQVWUXF�
WLRQV���+RZHYHU��WKH�UHODWLYH�LPSRUWDQFH�RI�VRPH�RI�WKHVH�
VXUIDFHV�KDV�EHHQ�GLVSXWHG��7KH�-���XQFRQIRUPLW\�ZDV�SUR�
SRVHG�DV�GH¿QLQJ�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�DFURVV�WKH�
&RORUDGR�3ODWHDX�DQG�ZDV�RULJLQDOO\�LQWHUSUHWHG�WR�FRLQFLGH�
ZLWK�WKH�EDVH�RI�WKH�*OHQ�&DQ\RQ�*URXS�DW�WKH�EDVH�RI�WKH�
0RHQDYH�)RUPDWLRQ�DQG��WR�WKH�QRUWKHDVW��WKH�EDVH�RI�WKH�
:LQJDWH�6DQGVWRQH��3LSLULQJRV�DQG�2¶6XOOLYDQ���������7KH�
-���XQFRQIRUPLW\�LQ�WKLV�DUHD�LV�UHIHUUHG�WR�DV�WKH�7U���XQ�
FRQIRUPLW\�E\�RWKHUV� �/XFDV� DQG�7DQQHU�� ������.LUNODQG�
DQG�0LOQHU��������7DQQHU�DQG�/XFDV��������'RQRKRR�+XU�
OH\�DQG�RWKHUV���������7KH�-���XQFRQIRUPLW\�WUXQFDWHV�WKH�
WRS�RI� WKH�1DYDMR�6DQGVWRQH�DW� WKH� WRS�RI� WKH�*OHQ�&DQ�
\RQ�*URXS��5LJJV�DQG�%ODNH\� ������� UHFRJQL]HG�DQRWKHU�
XQFRQIRUPLW\��EHWZHHQ�WKH�-���DQG�-���XQFRQIRUPLWLHV��DW�
WKH�EDVH�RI�WKH�6SULQJGDOH�6DQGVWRQH�0HPEHU��ZKLFK�WKH\�
WHUPHG�WKH�-�VXE�.D\HQWD��-�VXE�.D\��RIWHQ�VSHOOHG�³-�VXE�
.´��XQFRQIRUPLW\��7KLV�VDPH�XQFRQIRUPLW\�ZDV�LQGHSHQG�
HQWO\�LGHQWL¿HG�E\�0DU]ROI��������DV�WKH�-��
�XQFRQIRUPLW\��
2WKHUV��7DQQHU�DQG�/XFDV��������'RQRKRR�+XUOH\�DQG�RWK�
HUV��������FDOOHG�WKLV�WKH�³VXE�6SULQJGDOH�XQFRQIRUPLW\�´�

6WUXFWXUDO�DQG�3DOHRJHRJUDSKLF�6HWWLQJ

%ODNH\� �������7DQQHU� DQG�/XFDV�� ������ SURYLGHG� D�
VWUDLJKWIRUZDUG� PRGHO� IRU� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
ÀXYLDO�VHGLPHQWV�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�RI�WKH�
0RHQDYH�)RUPDWLRQ�DQG�WKH�HROLDQ�VHGLPHQWV�RI�WKH�:LQ�
JDWH� 6DQGVWRQH� WR� WKH� QRUWKHDVW� RI� WKH�0RHQDYH� RXWFURS�
EHOW��7KH�WKLFNHVW�VHFWLRQV�RI�WKH�*OHQ�&DQ\RQ�*URXS�DUH�
DORQJ� WKH� VRXWKZHVWHUQ� PDUJLQ� RI� WKH� &RORUDGR� 3ODWHDX��
H[WHQGLQJ� IURP�:DUG� 7HUUDFH� LQ� WKH� 3DLQWHG� 'HVHUW� HDVW�
RI�&DPHURQ��$UL]RQD��QRUWKZHVWZDUG�DORQJ�WKH�(FKR�DQG�
9HUPLOOLRQ�&OLIIV�WR�WKH�DUHD�DURXQG�6W��*HRUJH��8WDK��7KLV�
EDQG� RI� WKLFN� *OHQ� &DQ\RQ� *URXS� VWUDWD� PDUNV� WKH� DS�
SUR[LPDWH�SRVLWLRQ�RI�ZKDW�LV�WHUPHG�WKH�=XQL�6DJ��%ODNH\��
�������¿JXUH�����&XUUHQW�LQGLFDWRUV�VKRZ�WKDW�(DUO\�-XUDVVLF�
ULYHU�V\VWHPV�SUHVHUYHG�LQ�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�
RI�WKH�0RHQDYH�)RUPDWLRQ�DQG�LQ�WKH�ZHVWHUQ�RXWFURSV�RI�
WKH�.D\HQWD� )RUPDWLRQ� ÀRZHG� IURP� WKH� VRXWKHDVW� WR� WKH�
QRUWKZHVW�DORQJ�WKH�=XQL�VDJ��WUDQVSRUWLQJ�VHGLPHQW�ODUJHO\�
GHULYHG�IURP�WKH�VRXWK�DQG�HDVW��(ROLDQ�FURVV�EHGGLQJ�SUH�
VHUYHG�LQ�WKH�:LQJDWH�DQG�1DYDMR�6DQGVWRQHV�LQGLFDWHV�WKDW�
WKH�ZLQG�EOHZ�VDQG�IURP�ZHVW�WR�HDVW�LQ�FHQWUDO�8WDK�DQG�WR�
WKH�VRXWKHDVW�IDUWKHU�VRXWK��&OHPPHQVHQ�DQG�RWKHUV���������
7KH�PRGHOV� SUHVHQWHG� E\�%ODNH\� ������� DQG�7DQQHU� DQG�
/XFDV� ������� KDYH� VHGLPHQW� EHLQJ� WUDQVSRUWHG�QRUWKZHVW�

)LJXUH�����2XWFURS�PDS�RI�0RHQDYH�)RUPDWLRQ�DQG�:LQJDWH�6DQGVWRQH�ZLWK�ODUJH�VFDOH�IDFLHV�SDWWHUQV�DQG�JHRJUDSKLF�IHDWXUHV�GLV�
FXVVHG�LQ�WH[W��DIWHU�%ODNH\��������



0DF/HDQ��-�6���%LHN��5�)���DQG�+XQWRRQ��-�(���HGLWRUV

7
+
(
�:

+
,7
0
2
5
(
�32

,1
7
�0

(
0
%
(
5
�2
)�7

+
(
�0

2
(
1
$
9
(
�)2

5
0
$
7
,2
1
�,1

�,7
6�7

<
3(

�$
5
(
$
�,1

�1
2
5
7
+
(
5
1
�$
5
,=
2
1
$
�$
1
'
�,7

6�$
*
(
�$
1
'
�&
2
5
5
(
/
$
7
,2
1
�:

,7
+
�7
+
(
�6(

&
7
,2
1
�,1

67��*
(
2
5
*
(
��8

7$
+
��(

9
,'
(
1
&
(
�)2

5
�7
:
2
�0

$
-2
5
�/
$
&
8
67

5
,1
(
�6(

4
8
(
1
&
(
6�±�.

LUNODQG��-�,���0
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DORQJ�WKH�=XQL�6DJ�DFURVV�FHQWUDO�$UL]RQD�LQWR�VRXWKZHVW�
HUQ�8WDK�ZKHUH�WKH�SUHYDLOLQJ�ZHVWHUO\�ZLQGV�EOHZ�WKH�VDQG�
LQWR�GXQH�¿HOGV�RQ�WKH�FHQWUDO�&RORUDGR�3ODWHDX�DQG�WKHQ�WR�
WKH�VRXWKHDVW��ZKHUH�D�SRUWLRQ�ZRXOG�EH�UHZRUNHG�EDFN�LQWR�
WKH�ULYHUV�ÀRZLQJ�EDFN�WRZDUG�WKH�QRUWKZHVW��¿JXUH����

%ODNH\� DQG� 5DQQH\� ������� OLNHQHG� WKH� HDUOLHVW�
-XUDVVLF� LQ� VRXWKZHVWHUQ� 8WDK� WR� DQ� LQODQG� GHOWD� VLPLODU�
WR� WKH� PRGHUQ� 2NDYDQJR� 'HOWD� LQ� %RWVZDQD� �¿JXUH� ����
:H�DJUHH�ZLWK� WKH�2NDYDQJR�PRGHO�� EXW�ZRXOG� FHQWHU� LW�
RQ�/DNH�'L[LH��ZLWK�WKH�GHOWD�EHLQJ�LQXQGDWHG�E\�WKH�ODNH�
GXH�HLWKHU�WR�LQFUHDVHG�SUHFLSLWDWLRQ�LQ�WKH�=XQL�VDJ�EDVLQ�
RU� LQFUHDVHG� VXEVLGHQFH� RI� WKH� QRUWKHUQ�=XQL� VDJ� �¿JXUH�
�$���7KH�QHDU�DEVHQFH�RI�HYDSRULWHV�LQ�WKH�:KLWPRUH�3RLQW�
0HPEHU�VXJJHVWV�WKDW�/DNH�'L[LH�HYHQWXDOO\�GUDLQHG�LQWR�D�
EDFN�DUF�VHD�LQ�HDVWHUQ�1HYDGD�DW�OHDVW�SHULRGLFDOO\��0DU�
]ROI��������5LJJV�DQG�RWKHUV���������)ROORZLQJ�WKH�WHFWRQLF�
DQG�RU�GHSRVLWLRQDO�KLDWXV�UHSUHVHQWHG�E\�WKH�UHJLRQDO�-��
�
XQFRQIRUPLW\� EHORZ� WKH� 6SULQJGDOH� 6DQGVWRQH� 0HPEHU��
ZH�H[WHQG�WKH�2NDYDQJR�PRGHO�XS�LQWR�WKH�RYHUO\LQJ�.D\�
HQWD�)RUPDWLRQ��5HQHZHG�GHYHORSPHQW�RI�/DNH�'L[LH�UH�

HVWDEOLVKHG�ODFXVWULQH�FRQGLWLRQV��UHSUHVHQWHG�E\�WKH�ORZHU�
VLOW\�IDFLHV�RI�WKH�.D\HQWD�)RUPDWLRQ��0LOQHU�DQG�RWKHUV��
�������(YHQWXDOO\�� LQFUHDVHG�DULGLW\� OHG� WR�ÀXFWXDWLRQV�RI�
ÀXYLDO��VDOLQH�SOD\D��DQG�HROLDQ�HQYLURQPHQWV�LQ�WKH�XSSHU�
.D\HQWD�)RUPDWLRQ��EHIRUH�LW�ZDV�¿QDOO\�EXULHG�E\�WKH�H[�
SDQGLQJ�1DYDMR�HUJ��%ODNH\�DQG�5DQQH\��������%LHN�DQG�
RWKHUV��������

7KLV� UHYLVHG�PRGHO�DOVR�H[SODLQV� WKH�GLVWULEXWLRQ�RI�
YHUWHEUDWH� IRVVLO� UHPDLQV� LQ� WKH�.D\HQWD� )RUPDWLRQ�� 7KH�
ÀXYLDO� DQG�ÀRRGSODLQ�HQYLURQPHQWV�GRPLQDWLQJ� WKH�.D\�
HQWD�)RUPDWLRQ�RQ�:DUG�7HUUDFH�KDYH�\LHOGHG�D�KLJK�GLYHU�
VLW\�RI�(DUO\� -XUDVVLF�SULPLWLYH�PDPPDOV��GLQRVDXUV�� DQG�
RWKHU�UHSWLOHV��EXW�IHZ�¿VKHV��&ODUN�DQG�)DVWRYVN\��������
6XHV�DQG�RWKHUV��������&XUWLV�DQG�3DGLDQ��������/XFDV�DQG�
RWKHUV���������¿JXUH�����)DUWKHU�WR�WKH�QRUWK�DORQJ�WKH�=XQL�
6DJ��WKH�PDMRULW\�RI�WKH�ORZHU�VLOW\�IDFLHV�RI�WKH�.D\HQWD�
)RUPDWLRQ�ZHUH�GHSRVLWHG�LQ�ODFXVWULQH�SDOHRHQYLURQPHQWV��
ZKLFK�KDYH�\LHOGHG�ODUJH�¿VKHV�DQG�IHZ�GLQRVDXUV��ZKHUHDV�
XS�VHFWLRQ�LQ�WKH�VDOLQH�SOD\DV�DQG�HROLDQ�XQLWV��IHZ�ERG\�
IRVVLOV�RI�DQ\�NLQG�DUH�HQFRXQWHUHG�

)LJXUH� ��� � 'HSRVLWLRQDO� PRGHO� IRU� LQWHUUHODWLRQ�
VKLSV�EHWZHHQ�ÀXYLDO�VHGLPHQWV�RI� WKH�'LQRVDXU�
&DQ\RQ� 0HPEHU� RI� 0RHQDYH� )RUPDWLRQ� DQG�
HROLDQ�GHSRVLWV�RI� WKH�:LQJDWH�6DQGVWRQH� �DIWHU�
%ODNH\���������6W��*HRUJH��8WDK�LQGLFDWHG�E\�UHG�
VWDU��=LRQ�1DWLRQDO�3DUN�LQGLFDWHG�LQ�SXUSOH�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

:H�HDUOLHU�SURSRVHG� WKDW� WKH�:KLWPRUH�3RLQW�0HP�
EHU� GRFXPHQWV� WZR� ODNH�PHJDF\FOHV� LQ� LWV� VRXWKHUQPRVW�
H[SRVXUHV� WRZDUG� WKH� FHQWHU� RI� WKH� SURSRVHG�/DNH�'L[LH�
V\VWHP�DQG�UHDVRQHG�WKDW�WKH�GHHSHVW�SDUWV�RI�WKH�ODNH�ZHUH�
PRVW�OLNHO\�VLWXDWHG�WR�WKH�VRXWK�VRXWKZHVW�RI�WKH�SUHVHQW�

HURVLRQDO�OLPLWV�RI�WKHVH�VWUDWD��.LUNODQG�DQG�0LOQHU��������
/XFDV�DQG�RWKHUV��������0LOQHU�DQG�RWKHUV���������$OWHUQD�
WLYHO\��LW�ZDV�DOVR�SURSRVHG�WKDW�WKH�:KLWPRUH�3RLQW�0HP�
EHU�ZDV�GHSRVLWHG�E\�D�VHULHV�RI�VPDOO�ODNHV�RU�SRQGV�WKDW�
FDQQRW�EH�FRUUHODWHG�IURP�RQH�RXWFURS�WR�WKH�QH[W��7DQQHU�
DQG�/XFDV��������������'RQRKRR�+XUOH\���������:H�LQWHU�
SUHW� WKH� /DNH�'L[LH� ODFXVWULQH� V\VWHP� WR� EH� ODWHUDOO\� H[�
WHQVLYH��.LUNODQG�DQG�0LOQHU��������0LOQHU�DQG�.LUNODQG��
������0LOQHU�DQG�RWKHUV��������EDVHG�RQ�WKH�ODWHUDO�FRUUH�
ODWLRQ�RI�WKHVH�ODFXVWULQH�IDFLHV��WKH�GHYHORSPHQW�RI�ZDYH�
HPSODFHG�FRDVWDO�EDUV�DQG�EHDFKHV��DQG�WKH�DEXQGDQFH�RI�
ODUJH�¿VKHV�D�PHWHU�RU�PRUH�LQ�OHQJWK��+RZHYHU��WKH�DEXQ�
GDQW�PXG�FUDFNHG�LQWHUYDOV��ULSSOH�FURVV�EHGGHG�VDQGVWRQH��
DQG�ODWHUDOO\�H[WHQVLYH�VWURPDWROLWLF�KRUL]RQV�LQGLFDWH�WKDW�
WKH� ODNH�ZDV�QHYHU�YHU\�GHHS�DORQJ� WKH�RXWFURS�EHOW� DQG�
WKDW�LWV�ZDWHU�OHYHOV�ÀXFWXDWHG�FRQVLGHUDEO\��.LUNODQG�DQG�
0LOQHU��������7DQQHU�DQG�/XFDV��������������������

5HODWLYH�WR�WKH�SURSRVHG�QRUWKZHVWHUO\�VKRUHOLQH�WUHQG�
SDUDOOHOLQJ�WKH�ERUGHU�RI�WKH�=XQL�6DJ�LQGLFDWHG�LQ�RXU�H[WHQ�
VLRQ�RI�WKH�%ODNH\�PRGHO��¿JXUHV��������ERWK�WKH�VHFWLRQ�DW�
WKH�6W��*HRUJH�'LQRVDXU�6LWH�DW�-RKQVRQ�)DUP��6*'6��DQG�
RXU�3RWWHU�&DQ\RQ�UHIHUHQFH�VHFWLRQ�LQ�WKH�:KLWPRUH�3RLQW�
DUHD�DUH�DERXW�����NLORPHWHUV��a���PL��IURP�WKH�VKRUHZDUG�
:KLWPRUH�3RLQW�SLQFK�RXW�WR�WKH�QRUWK�QRUWKHDVW��7KHVH�DU�
HDV� UHSUHVHQW� WKH�PRVW� RIIVKRUH�:KLWPRUH�3RLQW� VHFWLRQV�
DORQJ�WKH�RXWFURS�EHOW�FORVHVW�WR�WKH�D[LV�RI�WKH�=XQL�6DJ�
�¿JXUH�����$OWKRXJK�WKHUH�LV�QHDUO\�FRQWLQXRXV�H[SRVXUH�RI�
WKH�:KLWPRUH�3RLQW�0HPEHU�EHWZHHQ�WKHVH�WZR�VHFWLRQV��
WKH�RXWFURS�EHOW�ÀH[HV�WR�WKH�QRUWKHDVW�WRZDUG�WKH�SURSRVHG�
VKRUH�RI�/DNH�'L[LH��7KXV��DW�DERXW�WKH�PLGSRLQW�EHWZHHQ�
WKHVH� WZR� ORFDWLRQV�DORQJ�RXWFURSV�HDVW�RI�:DUQHU�9DOOH\�
WKH� GLVWDQFH� WR� VKRUH� LV� DSSUR[LPDWHO\� KDOYHG� �¿JXUH� ����
/LNHZLVH�� WKH�RXWFURS�EHOW� WR� WKH�HDVW�RI�:KLWPRUH�3RLQW�
H[WHQGV�WR�LWV�LQWHU¿QJHULQJ�SLQFK�RXW�HDVW�RI�.DQDE��8WDK��
DQG�WKH�HDVWHUQPRVW�UHFRJQL]HG�H[WHQW�RI�/DNH�'L[LH�

$V�D�¿UVW�VWHS�LQ�IUDPLQJ�D�GHWDLOHG�H[DPLQDWLRQ�RI�WKH�
/DNH�'L[LH�ODFXVWULQH�V\VWHP��VWUDWLJUDSKLF�VHFWLRQV�DW�WKHVH�
WZR�GLVWDO�VLWHV�ZHUH�PHDVXUHG�WR�SURYLGH�D�EDVLV�IRU�WUDFN�
LQJ�WKH�ODFXVWULQH�HQYLURQPHQWV�LQWR�WKH�PRUH�FRPSOLFDWHG�
PDUJLQDO�HQYLURQPHQWV��DOORZLQJ�XV�WR�WHVW�RXU�K\SRWKHVLV�
WKDW�WZR�PDMRU�F\FOHV�RI�ODNH�H[SDQVLRQ�DUH�UHFRUGHG�E\�WKH�
:KLWPRUH�3RLQW�0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ�

675$7,*5$3+,&�6(&7,216�2)�7+(�
02(1$9(�)250$7,21

6WUDWLJUDSK\�RI�WKH�0RHQDYH�)RUPDWLRQ��������
DW�6W��*HRUJH��8WDK

$OWKRXJK�+LJJLQV�DQG�:LOOLV��������SXEOLVKHG�D�GH�
VFULSWLRQ�RI�WKH�0RHQDYH�)RUPDWLRQ�LQ�WKH�DUHD�RI�6*'6��D�
YHU\�GHWDLOHG�VWUDWLJUDSKLF�VHFWLRQ�ZDV�PHDVXUHG�LQ������E\�
WKH�¿UVW�DXWKRU��WDNLQJ�DGYDQWDJH�RI�IUHVKO\�H[SRVHG�VWUDWD�
UHYHDOHG� WKURXJK� DFWLYH� GHYHORSPHQW� LQ� WKH� DUHD� �¿JXUH�
����7KLV�GHWDLOHG�VHFWLRQ�SURYLGHG�WKH�RSSRUWXQLW\�WR�SODFH�

)LJXUH���� �$��3DOHRJHRJUDSKLF�PDS�RI�WKH�$PHULFDQ�6RXWKZHVW�
GXULQJ� 'LQRVDXU� &DQ\RQ� 0HPEHU� WLPH� VKRZLQJ� ULYHU� V\VWHPV�
ÀRZLQJ�IURP�WKH�VRXWKHDVW�WRZDUG�WKH�QRUWKZHVW��DQG�WKH�:LQJDWH�
HUJ��0DS� IURP�%ODNH\�DQG�5DQQH\� ��������%��3DOHRJHRJUDSKLF�
PDS�RI�WKH�$PHULFDQ�6RXWKZHVW�GXULQJ�:KLWPRUH�3RLQW�0HPEHU�
WLPH�VKRZLQJ�WKH�HVWLPDWHG�PD[LPXP�H[WHQW�RI�/DNH�'L[LH��0DS�
FRXUWHV\�RI�5RQ�%ODNH\��
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)LJXUH�����'LQRVDXU�DVVHPEODJHV�LQ�WKH�*OHQ�&DQ\RQ�*URXS��$��7KHURSRG�GLQRVDXUV�VZLPPLQJ�DQG�¿VKLQJ�LQ�/DNH�'L[LH��%��9HUWHEUDWHV�
IRXQG�DORQJ�WKH�PDUJLQ�RI�WKH�.D\HQWD�ÀRRGSODLQ�DQG�1DYDMR�HUJ�RQ�:DUG�7HUUDFH��'UDZLQJV�FRXUWHV\�RI�5XVVHOO�+DZOH\��
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

PDQ\�QHZO\�GLVFRYHUHG� IRVVLO� ORFDOLWLHV� LQWR�VWUDWLJUDSKLF�
FRQWH[W� �.LUNODQG� DQG� 0LOQHU�� ������� ,Q� GLVFXVVLQJ� WKH�
6*'6�VHFWLRQ��.LUNODQG�DQG�0LOQHU��������GHVFULEHG�WKH�
PDMRU�IHDWXUHV�RI�WKH�0RHQDYH�)RUPDWLRQ�DQG�SUHVHQWHG�D�
GHWDLOHG�SORWWHG�VHFWLRQ�EXW�SURYLGHG�QR�IRUPDO�ZULWWHQ�GH�
VFULSWLRQ�RI�WKH�VHFWLRQ��7KLV�GHVFULSWLRQ�LV�SXEOLVKHG�KHUH�
IRU� WKH� ¿UVW� WLPH� KHUH� �DSSHQGL[�$�� LQ� RUGHU� WR� IDFLOLWDWH�
FXUUHQW�DQG�IXWXUH�UHVHDUFK�RQ�WKHVH�VWUDWD��DV�VSHFL¿F�XQLW�
QXPEHUV�PD\�QRZ�EH�UHIHUUHG�WR�LQ�GHVFULELQJ�VWUDWLJUDSKLF�
IHDWXUHV�DQG�LQ�GHQRWLQJ�WKH�GLVWULEXWLRQ�RI�VSHFL¿F�IRVVLO�
RFFXUUHQFHV��¿JXUH�����7KH�IROORZLQJ�GLVFXVVLRQ�LV�ODUJHO\�
WDNHQ�IURP�.LUNODQG�DQG�0LOQHU��������ZLWK�PRGL¿FDWLRQV�
WR�WDNH�LQWR�DFFRXQW�QHZ�REVHUYDWLRQV�DQG�UHIHUHQFH�WR�WKH�
VSHFL¿F�XQLWV�LQ�DSSHQGL[�$�

'LQRVDXU�&DQ\RQ�0HPEHU��0RHQDYH�)RUPDWLRQ�
�8QLW������

7KH�EDVDO� FRQJORPHUDWH� �XQLWV���DQG�����7KH�'LQRVDXU�
&DQ\RQ�0HPEHU�XQFRQIRUPDEO\�RYHUOLHV� WKH�&KLQOH�)RU�
PDWLRQ��ZKLFK�LV�PDSSHG�LQ�WKH�UHJLRQ�DV�3HWUL¿HG�)RUHVW�
0HPEHU� �+LJJLQV� DQG�:LOOLV�� ������%LHN�� ����D�� ����E��
%LHN�DQG�RWKHUV���������$ERXW�����PHWHUV������IW��VRXWK�RI�
WKH�EDVH�6*'6�VHFWLRQ�RQ�WKH�VRXWK�VLGH�RI�(DVW�5LYHUVLGH�
'ULYH��¿JXUH�����6SHQFHU�/XFDV��1HZ�0H[LFR�0XVHXP�RI�
1DWXUDO� +LVWRU\� DQG� 6FLHQFH�� SHUVRQDO� FRPPXQLFDWLRQ��
������ SRLQWHG� RXW� WR� WKH� DXWKRUV�� DPRQJ� RWKHUV�� D� VKDUS�
FRQWDFW�EHWZHHQ�PHGLXP�JUD\�PXGVWRQHV�ZLWKRXW�FDUERQ�
DWH�QRGXOHV�RYHUO\LQJ�SDOH�UHGGLVK�SXUSOH�PXGVWRQHV�ZLWK�
FDUERQDWH� QRGXOHV�� ZKLFK� KH� LGHQWL¿HG� DV� WKH� FRQWDFW� RI�
WKH�3HWUL¿HG�)RUHVW�0HPEHU�ZLWK�WKH�RYHUO\LQJ�2ZO�5RFN�
0HPEHU�RI� WKH�&KLQOH�)RUPDWLRQ� LQ� WKLV�DUHD��/XFDV�DQG�
KLV�FROOHDJXHV�WKXV�LGHQWL¿HG�WKH�2ZO�5RFN�0HPEHU�DV�WKH�
WRS� RI� WKH�&KLQOH� )RUPDWLRQ� LQ� WKLV� UHJLRQ� �+HFNHUW� DQG�
RWKHUV��������/XFDV�DQG�7DQQHU��������7DQQHU�DQG�/XFDV��
������ ������ /XFDV� DQG� RWKHUV�� ������� $QK\GULWH� QRGXOHV�
EHFRPH�PRUH�FRPPRQ�XS�VHFWLRQ��DV�GR�PHWHU�WR�PXOWLP�
HWHU�� KLJK�DQJOH� IUDFWXUHV�¿OOHG�ZLWK� VHOHQLWH��$QK\GULWH��
DQG�VHOHQLWH�¿OOHG�IUDFWXUHV�DUH�GRPLQDQW�IHDWXUHV�RI�WKHVH�
URFNV�LQ�WKH�XSSHU����PHWHUV�����IW��RI�WKH�&KLQOH�)RUPDWLRQ�
�¿JXUH����

7KH�EDVDO�0RHQDYH�)RUPDWLRQ� LV�PDUNHG�E\�D�FRQ�
JORPHUDWLF�LQWHUYDO�LQ�VRXWKZHVWHUQ�8WDK�DQG�QRUWKHDVWHUQ�
$UL]RQD� �:LOVRQ��������.LUNODQG�DQG�0LOQHU��������0LO�
QHU�DQG�RWKHUV���������$W�WKH�EDVH�RI�WKH�6*'6�VHFWLRQ��D�
���FHQWLPHWHU�WKLFN����LQ��FRQJORPHUDWH�UHVWV�RQ�DQ�HURVLRQ�
VXUIDFH�ZLWK�������FHQWLPHWHUV������LQ��RI�UHOLHI�DQG�FRQ�
WDLQV�FKHUW�DQG�DQK\GULWH�SHEEOHV�UDQJLQJ�IURP�����FHQWLP�
HWHUV� ��������� LQ�� LQ�GLDPHWHU� FRQFHQWUDWHG� LQ� WKH�GHHSHVW�
VFRXUV��$ERXW����FHQWLPHWHUV������IW��RI�PRWWOHG�JUHHQ�DQG�
UHG�VDQG\�PXGVWRQH�ZLWK�DGGLWLRQDO�OHQVHV�RI�FRQJORPHU�
DWH�RYHUOLH�WKH�EDVDO�FRQJORPHUDWH�OD\HU��%RWK�WKH�DQK\GULWH�
SHEEOHV� DQG� WKH� FKHUW� SHEEOHV� DUH� WKRXJKW� WR� KDYH� RULJL�
QDWHG�E\�HURVLRQ�RI�WKH�XSSHU�&KLQOH�)RUPDWLRQ��$V�WKHVH�
URFNV�DUH�YHU\�SRRUO\�LQGXUDWHG��WKH\�ZHUH�RQO\�UHFRJQL]HG�
EHFDXVH�WKH�EDVH�RI�WKH�VHFWLRQ�ZDV�WUHQFKHG�WR�IUHVK�URFN��
1HDU� WKH�PRXWK�RI�=LRQ�&DQ\RQ�� WKH�EDVDO� FRQJORPHUDWH�
LV� UHSUHVHQWHG�RQO\�E\�D� IHZ�VFDWWHUHG�FKHUW�SHEEOHV� LQ�D�
SURPLQHQW� DQK\GULWH� EHG� IRUPHG� DORQJ� WKH� FRQWDFW�� 7KH�
EDVH�RI�WKLV�FRQJORPHUDWH�UHSUHVHQWV�WKH�-���XQFRQIRUPLW\�
RI�3LSLULQJRV�DQG�2¶6XOOLYDQ��������LQ�WKLV�DUHD�

:DUQHU�9DOOH\��HDVW�RI�6W��*HRUJH��0LOQHU�DQG�RWKHUV��
�������LV�WKH�RQO\�VLWH�ZKHUH�WKH�EDVDO�FRQJORPHUDWH�LV�ZHOO�
FHPHQWHG�DQG�ZHOO�H[SRVHG�LQ�:DVKLQJWRQ�&RXQW\��¿JXUH�
�&��� /DUJH� YHLQV� RI� J\SVXP� WKDW� SUHVHUYH� FKHUW� SHEEOHV�
ZLWKLQ�WKHP�H[WHQG�GRZQ�IURP�WKH�FRQWDFW�LQWR�WKH�XQGHUO\�
LQJ�&KLQOH�)RUPDWLRQ��7KLV�LQGLFDWHV�WKDW�WKHUH�ZHUH�ODUJH�
IUDFWXUHV� LQ� WKH� &KLQOH� HURVLRQ� VXUIDFH� SULRU� WR� UHQHZHG�
VHGLPHQWDWLRQ�DQG�GHSRVLWLRQ�RI�WKH�RYHUO\LQJ�FRQJORPHU�
DWLF�XQLW��$GGLWLRQDOO\��:LOVRQ��������GHVFULEHG�D�����FHQ�

)LJXUH���� �'HYHORSPHQW� LQ� WKH�DUHD�DURXQG� WKH�6W��*HRUJH�'L�
QRVDXU�'LVFRYHU\�6LWH�DW�-RKQVRQ�)DUP��6*'6��RYHU�WKH�ODVW����
\HDUV��$��-XQH�����������%��'HFHPEHU�����������&��-XO\�����������
$EEUHYLDWLRQV��(5'� �(DVW�5LYHUVLGH�'ULYH��)5� �)RVVLO�5LGJH�
0LGGOH�6FKRRO��DQG�6*'6� �6W��*HRUJH�'LQRVDXU�'LVFRYHU\�6LWH�
DW�-RKQVRQ�)DUP��5HG�EDUV�LQGLFDWH�ZKHUH�LQWHUYDOV�RI�6*'6�VHF�
WLRQ�ZHUH�PHDVXUHG�
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)LJXUH�����6WUDWLJUDSKLF�VHFWLRQ�DV�PHDVXUHG�DW�6*'6��-���DQG�-��
�DUH�SRVLWLRQV�RI�UHJLRQDO�XQFRQIRUPLWLHV��8QLW�QXPEHUV�DV�LQ�DS�
SHQGL[�$�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

WLPHWHU�WKLFN����IW��³J\SVLIHURXV´�FRQJORPHUDWH�XQLW�DW�WKH�
EDVH�RI�KLV�0RHQDYH�VHFWLRQ�DW�:KLWPRUH�3RLQW��$UL]RQD�

7KH� ORZHU� PXGVWRQH� LQWHUYDO� �XQLWV� ������� 7KH� XSSHU�
'LQRVDXU� &DQ\RQ� 0HPEHU� LV� UHDGLO\� UHFRJQL]HG� IRU� LWV�
XQLIRUP�PHGLXP�WR�GDUN�UHGGLVK�EURZQ��¿QH��WR�PHGLXP�
JUDLQHG�VDQGVWRQH�EHGV�DORQJ�PRVW�RI� LWV�NQRZQ�RXWFURS�
EHOW�LQ�QRUWK�FHQWUDO�$UL]RQD��+RZHYHU��LQ�WKH�6W��*HRUJH�
DUHD� D� ORZHU� ������PHWHU�WKLFN� ������IW�� PXGVWRQH�GRPL�

QDWHG�LQWHUYDO�FDQ�EH�UHFRJQL]HG�EHORZ�WKH�OHGJH±IRUPLQJ��
VDQGVWRQH�GRPLQDWHG� LQWHUYDO� DW� WKH� WRS� RI� WKH�'LQRVDXU�
&DQ\RQ�0HPEHU��¿JXUH��'���7KHVH�¿QH�JUDLQHG�VWUDWD�DUH�
FKDUDFWHUL]HG�E\�RQO\�D�IHZ�ULSSOHG�VDQGVWRQH�DQG�VLOWVWRQH�
OD\HUV�ZLWK�DQ�DEXQGDQFH�RI�DQK\GULWH�QRGXOHV�DQG�VHFRQG�
DU\�YHLQV�RI�DQK\GULWH�DQG�J\SVXP��6WDUWLQJ�����PHWHUV�����
IW��DERYH�WKH�EDVH�RI�XQLW����GLVWLQFWLYH�ULSSOH�EHGGHG�VDQG�
VWRQH� OD\HUV�������FHQWLPHWHUV� ���������� LQ�� WKLFN� WKDW�DUH�

)LJXUH�����'LQRVDXU�&DQ\RQ�0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ�DW�6*'6��$��9LHZ�WR�ZHVW�DFURVV�)RUHPDVWHU�'ULYH�EHORZ�0LGGOHWRQ�
%ODFN�5LGJH�VKRZLQJ�WKH�VLWH�RI�WKH�ORZHU�SRUWLRQ�RI�6*'6�VHFWLRQ��%��9LHZ�WR�QRUWK�QRUWKZHVW�GRZQ�5LYHUVLGH�'ULYH�IURP�)RUHPDVWHU�
'ULYH�ZLWK�WKH�VLWHV�RI�WKH�'LQRVDXU�&DQ\RQ��DW�-HQVHQ�5LGJH��DQG�:KLWPRUH�3RLQW�SRUWLRQV�RI�WKH�6*'6�VHFWLRQ��&��&RQJORPHUDWH�DW�
WKH�EDVH�RI�'LQRVDXU�&DQ\RQ�0HPEHU�RI� WKH�0RHQDYH�)RUPDWLRQ�DV�H[SRVHG� LQ�:DUQHU�9DOOH\�ZLWK�-HUU\�+DUULV� IRU�VFDOH��'��/RZHU�
PXGVWRQH�LQWHUYDO�RI�'LQRVDXU�&DQ\RQ�0HPEHU�DV�H[SRVHG�EHORZ�0LGGOHWRQ�%ODFN�5LGJH��(��&ORVH�XS�YLHZ�RI�WKH�FRQWDFW�EHWZHHQ�WKH�
ORZHU�VKDOH�LQWHUYDO�DQG�XSSHU�VDQGVWRQH�LQWHUYDO�RQ�-HQVHQ�5LGJH��)��([SRVXUH�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�RQ�WKH�HDVWHUQ�VLGH�RI�
-HQVHQ�5LGJH��VRXWKHDVW�RI�WKH�6*'6��&RQWDFW�ZLWK�WKH�XQGHUO\LQJ�&KLQOH�)RUPDWLRQ�OLHV�EHORZ�WKH�VXUIDFH�RI�WKH�SRQG��1XPEHUV�UHIHU�
WR�XQLW�QXPEHUV�LQ�DSSHQGL[�$��*��)RVVLO�SODQW�PDWHULDO�IURP�XQLW����RQ�HDVWHUQ�VLGH�RI�-HQVHQ�5LGJH��+��)RVVLO�SODQW�PDWHULDO�VXUURXQGHG�
E\�KDORV�RI�FRSSHU�PLQHUDO�IURP�ZHVW�VLGH�RI�5LYHUVLGH�'ULYH�DFURVV�IURP�6*'6��
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RIWHQ�DVVRFLDWHG�ZLWK�VPDOO�PXGFUDFNV�DUH�FKDUDFWHULVWLF��
7KH� WRS� RI� WKH� ORZHU�PXGVWRQH� LV� D� VKDUS� FRQWDFW� SHQH�
WUDWHG�E\�VDQGVWRQH�¿OOHG�PXGFUDFNV�PRUH�WKDQ����FHQWLP�
HWHUV������IW��GHHS��H[WHQGLQJ�GRZQ�IURP�XQLW�����¿JXUH����

.LUNODQG� DQG� 0LOQHU� ������� LQWHUSUHWHG� WKH� ORZHU�
PXGVWRQH� LQWHUYDO� WR� UHSUHVHQW� GLVWDO� ÀRRGSODLQ� HQYLURQ�
PHQWV� DW� VRPH� GLVWDQFH� LQWR� WKH� LQODQG� GHOWD� SRVWXODWHG�
E\� %ODNH\� DQG� 5DQQH\� �������� +RZHYHU�� WKH� DEXQGDQFH�
RI� DQK\GULWH� QRGXOHV� VXJJHVWV� VDENKD� HQYLURQPHQWV�PD\�
KDYH�EHHQ�GRPLQDQW��1R�IRVVLOV�RI�DQ\�NLQG�DUH�UHFRJQL]HG�
IURP� WKLV� LQWHUYDO� LQ� WKH� 6W��*HRUJH� DUHD��'RZQV� �������
GHVFULEHG�DQG�LOOXVWUDWHG�D�SDO\QRPRUSK�DVVHPEODJH�IURP�
D� FDUERQDFHRXV�XQLW� LQ� WKLV� LQWHUYDO�� VDPSOHG� MXVW� HDVW� RI�
.DQDE��8WDK�

7KH� XSSHU� VDQGVWRQH� LQWHUYDO� �XQLWV� �������� 7KH� FOLII��
DQG�OHGJH�IRUPLQJ�XSSHU�VDQGVWRQH�LQWHUYDO�ZDV�PHDVXUHG�
DW�������PHWHUV�����IW�� WKLFN��7KHVH�VWUDWD�DUH�PRUH�VLPL�
ODU� WR� WKH�'LQRVDXU�&DQ\RQ�0HPEHU� LQ� LWV� W\SH� DUHD� RQ�
WKH�:DUG�7HUUDFH�RI�$UL]RQD��¿JXUH����WKDQ�LV�WKH�XQGHU�
O\LQJ�PXGVWRQH�LQWHUYDO��7KH�XSSHU�VDQGVWRQH�GRPLQDWHG�
LQWHUYDO�LV�FKDUDFWHUL]HG�E\�SDOH�UHGGLVK�EURZQ�VDQGVWRQH�
EHGV�DYHUDJLQJ���������PHWHUV����������IW��WKLFN��VHSDUDWHG�
E\� WKLQQHU� EHGV� RI� VDQG\�PXGVWRQH� �¿JXUH� �(�� �)���7KH�
VDQGVWRQH� EHGV� WHQG� WR� EH� OHVV� ODWHUDOO\� FRQWLQXRXV�ZLWK�
PHGLXP�VFDOH� WURXJK� FURVV�EHGV� LQ� WKH� ORZHU� KDOI� RI� WKH�
LQWHUYDO��DQG�PXFK�PRUH�WDEXODU�ZLWK�D�GRPLQDQFH�RI�ULS�
SOH�GULIW�ODPLQDH�LQ�WKH�XSSHU�KDOI�

)LYH�PHWHUV� ���� IW�� IURP� WKH� WRS�RI� WKH�XSSHU� VDQG�
VWRQH� LQWHUYDO�� D� ODWHUDOO\� H[WHQVLYH� VDQGVWRQH� OD\HU�ZLWK�
FOD\VWRQH�SHEEOHV�SUHVHUYHV�DEXQGDQW�SODQW�GHEULV��XQLW������
3ODQW�PDWHULDO�LQFOXGHV�FRQLIHU�EUDQFKHV�DQG�FRQHV��LQFOXG�
LQJ� WKH� W\SHV�$UDXFDULWHV�VWRFNH\L��6DLQWJHRUJLD� MHQVHQLL��
DQG�0LOQHULWHV�SODQXV��ZLWK�IUDJPHQWV�RI�IHUQV�DQG�KRUVH�
WDLOV��7LGZHOO�DQG�$VK���������*UHHQLVK�FOD\VWRQH�SDUWLQJV�
FKDUDFWHUL]H�WKLV�XQLW�DW�VRPH�H[SRVXUHV�LQ�WKH�DUHD��0DQ\�
RI�WKH�IRVVLO�IUDJPHQWV�DUH�VWDLQHG�JUHHQ�E\�FRSSHU�PLQHUDOV�
�¿JXUH��*���+���)RVVLO�SODQWV�RFFXU�DW�WKLV�OHYHO�QHDU�/HHGV��
8WDK��DQG�LQ�WKH�.RORE�&DQ\RQ�DUHD�RI�=LRQ�1DWLRQDO�3DUN�
�=LRQ� ORFDOLW\� ������� WR� WKH�QRUWK� �'H%OLHX[� DQG�RWKHUV��
������� 8QIRUWXQDWHO\�� WKH� H[DFW� VWUDWLJUDSKLF� OHYHO� IURP�
ZKLFK�/LWZLQ� ������� UHSRUWHG�(DUO\� -XUDVVLF�SROOHQ� IURP�
WKH�'LQRVDXU�&DQ\RQ�0HPEHU� WR� WKH�QRUWK�QHDU�/HHGV� LV�
XQNQRZQ��&RUQHW�DQG�:DDQGHUV��������

7UDFN�VXUIDFHV�DUH�UHFRJQL]HG�LQ�WKH�XSSHU�VDQGVWRQH�
LQWHUYDO� DERYH� WKH�SODQW� OD\HU�RQ�SDUWLQJV�EHWZHHQ�PDMRU�
VDQGVWRQH�EHGV��7KH�GRPLQDQFH�RI�ULSSOH�ODPLQDWHG�VDQG�
VWRQH� LV� LQWHUSUHWHG� WR� UHSUHVHQW� GHSRVLWLRQ� E\� ORQJVKRUH�
FXUUHQWV� DORQJ� WKH� ZDYH�GRPLQDWHG� VKRUH� RI� D� ODUJH� OD�
FXVWULQH�V\VWHP��DV�ZLWK�VLPLODU�VHGLPHQWDU\�IHDWXUHV�SUH�
VHUYHG�LQ�VDQGV�DORQJ�WKH�PDUJLQ�RI�*UHDW�6DOW�/DNH��2YL�
DWW�DQG�RWKHUV���������7KH�WKUHH�WRHG�WUDFNV�*UDOODWRU�DQG�
(XEURQWHV��ZLWK�UDUH�H[DPSOHV�RI�WKH�SURWRVXFKLDQ�FURFR�
G\ORPRUSK� WUDFN�%DWUDFKRSXV��DUH� UHFRJQL]HG�IURP�WKHVH�
VXUIDFHV��.LUNODQG�DQG�0LOQHU��������

7KH�XSSHUPRVW�PHWHU������IW��RI�WKLV�LQWHUYDO��XQLW�����

FRQVLVWV�RI�UHGGLVK�PXGVWRQH�ZLWK�WKLQ�ULSSOH�EHGGHG�VDQG�
VWRQH�OD\HUV�LQ�WKH�URDGFXW�RQ�WKH�QRUWKZHVWHUQ�VLGH�RI�5LY�
HUVLGH�'ULYH�DFURVV�IURP�6*'6��¿JXUHV�����%���7KHVH�EHGV�
ZHUH�LQLWLDOO\�FRQVLGHUHG�WR�EH�WKH�EDVDO�OLWKRORJLF�XQLWV�LQ�
WKH�:KLWPRUH�3RLQW�0HPEHU��+RZHYHU��PRVW�RI�WKLV�LQWHU�
YDO�ZDV�IRXQG�WR�EH�PXFK�PRUH�VDQG�GRPLQDWHG�DFURVV�WKH�
URDG�DW�WKH�6*'6��PXGG\�VDQGVWRQH���

$V� WKH� GLVWDQFH� WR� VKRUH� H[SDQGHG� DQG� FRQWUDFWHG�
ZLWK�ÀXFWXDWLQJ�UDLQIDOO� LQ�WKH�UHJLRQ��FRDVWDO�HQHUJ\�OHY�
HOV��ZDYH�VWRUP�HQHUJ\��IROORZHG�VXLW�ZLWK�FKDQJLQJ�ZDWHU�
GHSWK�DQG�ZDYH�IHWFK��6DQG�WUDQVSRUWHG�LQWR�WKH�EDVLQ�DQG�
GHSRVLWHG�VXEDHULDOO\�GXULQJ�ORZ�VWDQGV�ZDV�UHZRUNHG�E\�
ZDYH�LQGXFHG�ORQJVKRUH�FXUUHQWV�GXULQJ�KLJK�VWDQGV�LQ�ODNH�
OHYHO��,Q�WKHVH�PRUH�PDUJLQDO�ODFXVWULQH�VHWWLQJV��RQO\�VDQG�
GHSRVLWHG� LQ� HTXLOLEULXP�ZLWK� WKHVH� KLJKHU� HQHUJ\� OHYHOV�
ZRXOG�EH�SUHVHUYHG�DV�EHDFK�ULGJHV�DQG�EDUV��2YLDWW���������
7KH�¿QHU�JUDLQHG�VWUDWD�DW�WKH�WRS�RI�WKH�'LQRVDXU�&DQ\RQ�
0HPEHU�PD\� UHSUHVHQW� VKHOWHUHG� HQYLURQPHQWV� SURWHFWHG�
E\�FRDVWDO�VDQG�EDUV��RU�VLPSO\�WKH�LQFUHDVLQJ�GRPLQDQFH�RI�
ODFXVWULQH�YHUVXV�PDUJLQDO�ODFXVWULQH�HQYLURQPHQWV�GXULQJ�
WKH�¿QDO�VWDJHV�RI�'LQRVDXU�&DQ\RQ�GHSRVLWLRQ�

7KH�XSSHU�FRQWDFW�RI� WKH�'LQRVDXU�&DQ\RQ�0HPEHU�
LV�SODFHG�DW� WKH�EDVH�RI� D� WKLQ�QRGXODU� OLPHVWRQH� LQWHUYDO�
ZLWK� UHG� FKHUW� �XQLW� ����� IROORZLQJ� :LOVRQ� ������� DQG�
.LUNODQG�DQG�0LOQHU� �������DQG�FXUUHQW�8WDK�*HRORJLFDO�
6XUYH\� �8*6��PDSSLQJ� �H�J��� %LHN�� ����E�� DV� GLVFXVVHG�
EHORZ��+RZHYHU��FRQWLQXHG�H[FDYDWLRQ�DV�WKH�6*'6�EXLOG�
LQJ¶V�IRRWHUV�ZHUH�EHLQJ�HVWDEOLVKHG�UHYHDOHG� WKDW�VHYHUDO�
WKLQ�VDQGVWRQH�XQLWV�GHVFULEHG�RQ�WKH�QRUWKZHVWHUQ�VLGH�RI�
5LYHUVLGH�'ULYH��¿JXUH����ZHUH�UHSODFHG�E\�VDQG\�VWURPD�
WROLWLF�OLPHVWRQH�EHGV�RQ�WKH�VRXWKHDVWHUQ�VLGH�RI�WKH�URDG��
$GGLWLRQDOO\��D�QRGXODU�FDUERQDWH�FRUHG�E\�UHG�FKHUW�VLPL�
ODU�WR�WKDW�LQ�XQLW����ZDV�LGHQWL¿HG�HQFRPSDVVLQJ�DOO�RI�WKH�
PXGVWRQH�PDNLQJ�XS�XQLW� ��� �¿JXUH��$���%���7KHUHIRUH��
ZKHQ�XVLQJ�RQH�RI�WKHVH�QRGXODU��DOJDO�OLPHVWRQH�XQLWV�DV�
D�PDUNHU�EHG�IRU�WKH�EDVH�RI�WKH�:KLWPRUH�3RLQW�0HPEHU��
RQH�QHHGV�WR�NHHS�LQ�PLQG�WKDW� WKH\�DUH�RQO\�DSSUR[LPD�
WLRQV�WKDW�ZRUN�ZHOO�IRU�PDSSLQJ�SXUSRVHV�EXW�QRW�QHFHV�
VDULO\�IRU�KLJK�UHVROXWLRQ�VWUDWLJUDSKLF�DQDO\VLV�

:H�LQWHUSUHW� WKH�XSSHU�VDQGVWRQH�LQWHUYDO�RI� WKH�'L�
QRVDXU� &DQ\RQ�0HPEHU� WR� UHSUHVHQW� DJJUDGDWLRQDO� ULYHU�
FKDQQHO� GHSRVLWV� LQFUHDVLQJO\� LQÀXHQFHG� XS� VHFWLRQ� E\�
VKDOORZ� ZDYH�GRPLQDWHG� ODFXVWULQH� VKRUHOLQH� HQYLURQ�
PHQWV��/RQJVKRUH� FXUUHQWV� DQG�ZDYHV� UHGLVWULEXWHG� WKHVH�
VDQGV�DQG�HPSODFHG�WKHP�DV�VDQG�EDUV�DQG�EHDFKHV�WRZDUG�
WKH� WRS�RI� WKLV� LQWHUYDO� WKURXJK�XQLW�����7KLV� LV� WKH� VDPH�
LQWHUSUHWDWLRQ�WKDW�KDV�EHHQ�DSSOLHG�WR�WKH�PRUH�ULJRURXVO\�
VWXGLHG�-RKQVRQ�)DUP�6DQGVWRQH�%HG��.LUNODQG�DQG�0LO�
QHU�� ������0LOQHU� DQG� RWKHUV�� ����E�� ������ LQ� WKH� ORZHU�
:KLWPRUH�3RLQW�0HPEHU�

:KLWPRUH�3RLQW�0HPEHU��0RHQDYH�)RUPDWLRQ�
�8QLWV�������

+LJJLQV� DQG� :LOOLV� ������� PHDVXUHG� WKH� WKLFNQHVV�
RI�WKH�:KLWPRUH�3RLQW�0HPEHU�LQ�WKH�GUDLQDJH�EHORZ�WKH�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

QRUWK�VLGH�RI�0LGGOHWRQ�%ODFN�5LGJH��RQ�WKH�VRXWK�VLGH�RI�
0DOO�'ULYH��¿JXUH�����DW����PHWHUV�������IW���DQG�LW�LV�������
PHWHUV�������IW��WKLFN�DW�6*'6��3ODFHPHQW�RI�WKH�EDVDO�FRQ�
WDFW�RI�WKH�:KLWPRUH�3RLQW�0HPEHU�DW�WKH�6*'6�KDV�EHHQ�
D�PDWWHU�RI�GHEDWH��%RE�%LHN��8WDK�*HRORJLFDO�6XUYH\��SHU�
VRQDO�FRPPXQ���������SODFHG�WKH�EDVDO�FRQWDFW�EHORZ�WKH�
VDQGVWRQH�SUHVHUYLQJ�WKH�PDLQ�WUDFN�EHDULQJ�KRUL]RQ��L�H���
EHORZ�WKH�EDVH�RI�WKH�-RKQVRQ�)DUP�6DQGVWRQH�%HG��EDVHG�
RQ�KLV�H[SHULHQFH�PDSSLQJ�WKH�FRQWDFW�WR�WKH�QRUWK�LQ�WKH�
DUHD�RI�/HHGV��8WDK��%LHN������D������E���XVLQJ�:LOVRQ¶V�
�������GH¿QLWLRQ�RI�WKH�FRQWDFW�EHWZHHQ�WKH�'LQRVDXU�&DQ�
\RQ�DQG�:KLWPRUH�3RLQW� LQ� WKDW�DUHD��+LJJLQV�DQG�:LOOLV�
�������SODFHG�WKH�FRQWDFW�DW�WKH�WRS�RI�D�UHG�VDQGVWRQH�LQ�
WHUYDO� VLJQL¿FDQWO\� KLJKHU� LQ� WKH� VHFWLRQ� DW�6*'6�� LQ� WKH�
PLGGOH� VDQGVWRQH� LQWHUYDO�RI� WKH�:KLWPRUH�3RLQW�DV�XVHG�
KHUH��7KLV� SODFHPHQW�ZDV� DFFHSWHG� E\�7DQQHU� DQG�/XFDV�
GXULQJ� WKHLU� LQLWLDO� UHVHDUFK� DW� WKH� VLWH� LQ� ����� �6SHQFHU�
/XFDV��1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�6FL�
HQFH��SHUVRQDO�FRPPXQ����������7R�UHVROYH�WKLV�FRQÀLFW�LQ�
ERXQGDU\�SODFHPHQW��WKH�8*6�VSRQVRUHG�D�¿HOG�UHYLHZ�RI�
WKHVH�URFN�XQLWV�LQ�$XJXVW�RI�������,W�ZDV�IRXQG�WKDW�:LO�
VRQ¶V��������OLPHVWRQH�EHG�ZLWK�UHG�FKHUW�FRXOG�EH�UHFRJ�
QL]HG�WKURXJKRXW�PXFK�RI�:DVKLQJWRQ�&RXQW\��VR�WKH�8*6�
GHFLGHG�WR�XVH�WKLV�EHG�WR�GH¿QH�WKH�EDVH�RI�WKH�:KLWPRUH�
3RLQW�0HPEHU� IRU� IXWXUH� PDSSLQJ� LQ� VRXWKZHVWHUQ� 8WDK�
�*UDQW�:LOOLV��8WDK�*HRORJLFDO�6XUYH\��SHUVRQDO�FRPPXQ���
�������+RZHYHU��DV�GLVFXVVHG�DERYH�DQG�UHLWHUDWHG�EHORZ��
WKHUH�PD\�EH�VHYHUDO�VXFK�EHGV�WRZDUG�WKH�EDVH�RI�WKH�¿QH�
JUDLQHG�ODFXVWULQH�VHTXHQFH��+HUHLQ��ZH�KDYH�XVHG�WKH�ORZ�
HVW�UHFRJQL]HG�FKHUW\�FDUERQDWH��XQLW�����WR�GH¿QH�WKH�EDVH�
RI�WKH�:KLWPRUH�3RLQW�0HPEHU�

)RU� WKH� SXUSRVHV� RI� WKH� IROORZLQJ� GLVFXVVLRQ�� WKH�
:KLWPRUH� 3RLQW� 0HPEHU� ZDV� GLYLGHG� LQWR� WKUHH� LQWHU�
YDOV�� ����D� ORZHU�VKDOH�DQG�VDQGVWRQH� LQWHUYDO�� ����D�PLG�
GOH�VDQGVWRQH�GRPLQDWHG�LQWHUYDO��DQG�����DQ�XSSHU�VKDOH�
GRPLQDWHG� LQWHUYDO� �¿JXUH����� ,W� LV� LPSRUWDQW� WR�QRWH� WKDW�
DV�GHVFULEHG�EHORZ��WKHVH�LQWHUYDOV�DUH�QRW�GH¿QHG�H[DFWO\�
DV� WKH\�ZHUH�E\�.LUNODQG�DQG�0LOQHU���������:H�UHIHU� WR�
GLVWDO�DQG�SUR[LPDO�ODFXVWULQH�VHWWLQJV�UDWKHU�WKDQ�GHHS�DQG�
VKDOORZ�ODFXVWULQH�HQYLURQPHQWV��JLYHQ�WKH�SHUYDVLYH�GDWD�
LQGLFDWLQJ�ODFXVWULQH�HQYLURQPHQWV�ZHUH�VKDOORZ�DQG�DHULDO�
H[SRVXUH�RFFXUUHG�UHSHDWHGO\�DFURVV�WKH�RXWFURS�EHOW�

/RZHU�VKDOH�DQG�VDQGVWRQH�LQWHUYDO��XQLWV���������7KH�
ORZHU������PHWHUV�������IW��RI�WKH�:KLWPRUH�3RLQW�0HPEHU�
DUH�SDUWLFXODUO\�FRPSOH[�LQ�WKH�YHUWLFDO�DQG�KRUL]RQWDO�GLV�
WULEXWLRQ�RI�URFN�W\SHV��VHGLPHQWDU\�IHDWXUHV��DQG�IRVVLOV��
.LUNODQG�DQG�0LOQHU��������UHIHUUHG�WR�WKHVH�URFNV�DV�WKH�
EDVDO�FRPSOH[� LQWHUYDO��7KH�EDVH�RI� WKH�VHFWLRQ� LV�SODFHG�
DW�WKH�EDVH�RI�XQLW�����D�VDQGVWRQH�WKDW�ODWHUDOO\�WUDQVLWLRQV�
LQWR�D�VWURPDWROLWLF�OLPHVWRQH��ZLWK�WKH�DOJDO�ODPLQDH�SDU�
WLDOO\� UHSODFHG� E\� UHG� FKHUW� �¿JXUH� �$�� �%��� 7KH� RYHUO\�
LQJ�PXGVWRQH� �XQLW����� LV� ODWHUDOO\� UHSODFHG�E\�D�QRGXODU�
FDUERQDWH� WKDW� SUHVHUYHV� UHG� FKHUW� VXSHU¿FLDOO\� UHVHP�
EOLQJ�SHWUL¿HG�ZRRG��RIWHQ�ZLWK�KROORZ�FHQWHUV��7KHVH�UHG�
FKHUWV�KDYH�EHHQ�LQWHUSUHWHG�DV�ERWK�UKL]RFRQFUHWLRQV�DQG�

SLHFHV�RI�GULIWZRRG�FRDWHG�E\�WXID��ZKHUH�WKH�ZRRG\�PDWH�
ULDO�KDV�EHHQ�VHFRQGDULO\�UHSODFHG�E\�UHG�FKHUW��7KH�GULIW�
ZRRG�K\SRWKHVLV�ZDV�IDYRUHG�E\�XV��.LUNODQG�DQG�0LOQHU��
������ZLWK� WKH�GLVFRYHU\�RI�DQ�DFFXPXODWLRQ��³ORJ� MDP´��
RI�VLPLODU�UHG�FKHUW�FRUHG�FDUERQDWH�QRGXOHV�RQ�WKH�WRS�RI�
WKH�PDLQ� WUDFN�EHDULQJ�VDQGVWRQH�UHIHUUHG� WR�DV� WKH�-RKQ�
VRQ�)DUP�6DQGVWRQH�%HG��-)6%���0LOQHU�DQG�RWKHUV�������
�¿JXUH��%���&���:RRG�GULIWLQJ�DORQJ�WKH�VKRUHOLQH�ZRXOG�
EHFRPH�FRDWHG�ZLWK�FDOFLXP�FDUERQDWH��PRVW�OLNHO\�DLGHG�
E\� DOJDH� DQG�RU� F\DQREDFWHULD��� DQG� HYHQWXDOO\� WKH�ZRRG�
ZRXOG� URW� DZD\� OHDYLQJ� D� WXEH� RI� EDQGHG� FDUERQDWH� WKDW�
PD\�EH�UHSODFHG�E\�UHG�FKHUW��6LPLODU�WXID�VWUXFWXUHV�ZHUH�
REVHUYHG�E\�.LUNODQG�LQ�DVVRFLDWLRQ�ZLWK�3OHLVWRFHQH�DJH�
/DNH�%RQQHYLOOH�VKRUHOLQH�VHGLPHQWV�RQ� WKH�ZHVWHUQ�VLGH�
RI�&DFKH�9DOOH\� LQ� QRUWKHUQ�8WDK� QHDU�:HOOVYLOOH��$GGL�
WLRQDOO\��7ULDVVLF�� -XUDVVLF�� DQG�(RFHQH� H[DPSOHV� �DPRQJ�
RWKHUV��KDYH�EHHQ�GHVFULEHG�E\�:KLWHVLGH���������

7KH�-)6%�LV�XQGHUODLQ�E\�D�GDUN�UHG�FOD\VWRQH�������
FHQWLPHWHUV����������LQ��WKLFN��XQLW�����LQWR�ZKLFK�GLQRVDXU�
WUDFNV�ZHUH�LPSUHVVHG��7KH�GLQRVDXU�WUDFNV�DQG�RWKHU�VHGL�
PHQWDU\� IHDWXUHV� LQ� WKLV� FOD\VWRQH� XQLW� DUH� QRW� SUHVHUYHG�
ORQJ� DIWHU� H[SRVXUH�� DV� WKH� FOD\VWRQH� GULHV�� FUDFNV�� DQG�
FUXPEOHV�DV�VRRQ�DV�LW�LV�H[SRVHG���$�WKLQ�DOJDO�OLPHVWRQH�
�¿JXUH��$��&��LV�ORFDOO\�SUHVHQW�DERXW���FHQWLPHWHUV����LQ���
IURP�WKH�WRS�RI�WKH�XQLW�

7KH�-)6%�LV�YHUWLFDOO\�DQG�KRUL]RQWDOO\�FRPSOH[��$W�
WKH� LQLWLDO�GLVFRYHU\� VLWH�RQ� WKH� VRXWKHDVWHUQ� VLGH�RI�5LY�
HUVLGH�'ULYH��WKH�EDVH�RI�WKH�PDLQ�WUDFN�VXUIDFH�LV�FRYHUHG�
E\�GHHSO\�LPSUHVVHG�ODUJH�GLQRVDXU�WUDFNV��PRVWO\�(XEURQ�
WHV�� DQG�PXGFUDFNV� �¿JXUH��'���7KLV� VXUIDFH�ZDV� IXUWKHU�
VFRXUHG� E\� ODUJH� ÀXWH�FDVWV� WHQV� RI� FHQWLPHWHUV� WR� PRUH�
WKDQ� ��PHWHU� DFURVV�ZLWK� FXUUHQW� ÀRZ� SUHGRPLQDQWO\� GL�
UHFWHG� WRZDUG� WKH�VRXWKHDVW� �¿JXUH��(���)���7KLV�VFRXUHG�
VXUIDFH� SUHVHUYHV� DGGLWLRQDO� �RIWHQ� VPDOOHU�� GLQRVDXU�
WUDFNV� DQG� URXJKO\� GLDPRQG�VKDSHG� �WULFOLQLF�� VDOW� FDVWV�
�¿JXUH� �*�� WKDW�PD\� UHSUHVHQW� ERUDWH� VDOWV� VXFK� DV� WURQD�
RU�D�VROXEOH�VXOIDWH�VDOW��.LUNODQG�DQG�0LOQHU��������0LO�
QHU�DQG�RWKHUV������E��������0LOQHU�DQG�.LUNODQG���������
7KXV��DW�OHDVW�WZR�HSLVRGHV�RI�GLQRVDXU�WUDFN�IRUPDWLRQ�DUH�
SUHVHUYHG� RQ� WKH� EDVDO� VXUIDFH� RI� WKH�PDLQ� WUDFN�EHDULQJ�
VDQGVWRQH� �¿JXUH��(�� �)���2QH�RI� XV� �$5&0��KDV�QRWHG�
WKDW�VPDOOHU�WUDFNV�DVVLJQHG�WR�*UDOODWRU�RQO\�RFFXU�ZLWK�
LQ� WKH� VFRXUV� FXWWLQJ� GRZQ� EHORZ� PXGFUDFNHG� VXUIDFHV�
RU�ZLWKLQ� WKH� ODUJH� WUDFNV� DVVLJQHG� WR�(XEURQWHV�� LQGLFDW�
LQJ� WKDW� WKH� VPDOOHU� WKHURSRG�GLQRVDXUV�ZHUH� WRR� OLJKW� WR�
LPSUHVV� WKHLU� WUDFNV� LQWR� WKH�GULHG�PXGFUDFNHG�VXUIDFH�RI�
XQLW��$FURVV�5LYHUVLGH�'ULYH�WR�WKH�QRUWKZHVW��WKH�EDVH�RI�
WKH�-)6%�SUHVHUYHV�PRUH�HYLGHQFH�RI�VFRXULQJ�DQG�IHZHU�
PXGFUDFNV�� VXJJHVWLQJ� WKLV� PLJKW� UHSUHVHQW� WKH� RIIVKRUH�
GLUHFWLRQ�� ,QYHUWHEUDWH�EXUURZLQJ�DQG�FUDZOLQJ� WUDFHV� DUH�
FRPPRQ�KHUH�DV�DUH�GLQRVDXU�VZLP�WUDFNV��¿JXUH��+���,��
DQG�¿VK�VZLP�WUDFHV��0LOQHU�DQG�RWKHUV������D��0LOQHU�DQG�
.LUNODQG��������

$W�WKH�LQLWLDO�6*'6�GLVFRYHU\�VLWH�RQ�WKH�VRXWKHDVWHUQ�
VLGH� RI�5LYHUVLGH�'ULYH�� D� SDUWLQJ� LV� GHYHORSHG� DERXW� ���
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&��&URVV�VHFWLRQ�RI�(XEURQWHV�DW�EDVH�RI�-)6%�LQ�URDGFXW�WR�ZHVW�RI�6*'6�EXLOGLQJ��8QGHUO\LQJ�DOJDO�OLPHVWRQH�OD\HU�LQ�WKH�XSSHU�SDUW�
RI�XQLW����LV�YLVLEOH��'��6KHOGRQ�-RKQVRQ�ZLWK�EORFN�SUHVHUYLQJ�QDWXUDO�FDVWV�RI�PXGFUDFNV�DQG�(XEURQWHV�IURP�WKH�PDLQ�WUDFN�OD\HU��XQ�
GHUVLGH�RI�-)6%���7KH�XSSHU�ULJKW�FRUQHU�RI�WKH�EORFN�KDV�EURNHQ�DZD\�WR�UHYHDO�WKH�VSOLW�OD\HU��6*'6�����(��6FRXU�FXWWLQJ�GRZQ�WKURXJK�
PXGFUDFNHG�VXUIDFH�RI�WKH�PDLQ�WUDFN�OD\HU�DQG�(XEURQWHV�RQ�XQGHUVLGH�RI�-)6%�H[SRVLQJ�VDOW�FDVWV�ZLWK�VXEVHTXHQW�*UDOODWRU�LQ�REOLTXH�
YLHZ�WR�VKRZ�GHSWK�RI�VFRXU��6*'6������$UURZ�LQGLFDWHV�VLGH�RI�VFRXU�DQG�GLUHFWLRQ�RI�ZDWHU�ÀRZ��)��6DPH�EORFN�DV�LQ��(��LQ�WDQJHQWLDO�
YLHZ��*��7ULFOLQLF�VDOW�FDVWV�RQ�VFRXU�VXUIDFH�DW�EDVH�RI�-)6%��6*'6������+��(ORQJDWH��XS�FXUUHQW�VZLP�WUDFNV��6*'6�������,��%ORFN�VKRZ�
LQJ�KLJK�GHQVLW\�RI�SDUDOOHO�VZLP�WUDFNV��-��*UDOODWRU�WUDFNV�DQG�WRRO�PDUNV�SUHVHUYHG�RQ�WKH�VSOLW�OD\HU��6*'6�����%���.��&OLPELQJ�ULSSOHV�
SUHVHUYHG�LQ�-)6%��6*'6�������/��,QWHUIHUHQFH�ULSSOHV�SUHVHUYHG�RQ�VSOLW�VXUIDFH�QHDU�FHQWHU�RI�-)6%�IURP�EHORZ�QRUWKZHVWHUQ�FRUQHU�
RI�6*'6�EXLOGLQJ��1XPEHUV�UHIHU�WR�XQLW�QXPEHUV�LQ�DSSHQGL[�$�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

FHQWLPHWHUV� ��� LQ�� DERYH� WKH�EDVH�RI� -)6%� WKDW�SUHVHUYHV�
DEXQGDQW�VPDOO�GLQRVDXU�WUDFNV��*UDOODWRU��DQG�OHVV�FRP�
PRQ�(XEURQWHV�� LQYHUWHEUDWH� WUDFHV�� DQG� UDLQGURS� LPSUHV�
VLRQV� �¿JXUH� �'�� �-�� SUHVHUYHG� E\� DQ� DOJDO� ¿OP� ELQGLQJ�
WKLV�VXUIDFH��.LUNODQG�DQG�0LOQHU��������0LOQHU�DQG�RWKHUV��
����E��� ,QWHUQDOO\�� WKH�PDLQ� WUDFN�EHDULQJ� VDQGVWRQH�SUH�
VHUYHV�FOLPELQJ�ULSSOH�FURVV�EHGGLQJ�LQGLFDWLQJ�GHSRVLWLRQ�
XQGHU� ÀRZLQJ�ZDWHU� FRQGLWLRQV� �¿JXUH� �.���:KHUH� SDUW�
LQJV� RFFXU�� XQGXODWRU\� ULSSOHV� DUH� SUHVHUYHG� �¿JXUH� �/���
7KH�PDLQ�WUDFN�EHDULQJ�VDQGVWRQH�W\SLFDOO\�YDULHV�IURP����
FHQWLPHWHUV������LQ��WR�QHDUO\���PHWHU������IW��WKLFN��/RFDOO\�
RYHU�VKRUW�GLVWDQFHV��WKH�-)6%�PD\�EH�DEVHQW�EHFDXVH�RI�WKH�
VFRXULQJ�RI�WKH�WRS�VXUIDFH�E\�ODUJH�ZDYHV�

$V�SUHVHUYHG�ZLWKLQ� WKH�6*'6�EXLOGLQJ��D� VHULHV�RI�
ORQJ�ULGJHV�ZLWK�DV�PXFK�DV�����PHWHU������IW��RI�UHOLHI�WKDW�
WUHQG�QRUWK����GHJUHHV�ZHVW�FDQ�EH�UHFRJQL]HG�DW�WKH�WRS�RI�
-)6%� �¿JXUH��$���%���7KH� UHODWLRQVKLS�RI� WKH� ULGJHV�DQG�
WURXJKV�WR�SDUWLQJ�VXUIDFHV�ZLWKLQ�WKH�VDQGVWRQH�LQGLFDWHV�
WKHVH�DUH�HURVLYH�PHJDULSSOHV�IRUPHG�E\�FXUUHQWV�FURVVLQJ�
WKH�VLWH�IURP�WKH�VRXWKZHVW�FDXVLQJ�VDQG�WR�EH�HURGHG�IURP�
WKH�PHJDULSSOH�WURXJKV��IROORZLQJ�WKH�PRGHO�SUHVHQWHG�E\�
5HLQHFN� DQG� 6LQJK� ������� ¿JXUH� ���� 7KH� HQWLUH� XQLW� KDV�
EHHQ� UHPRYHG� LQ� D� SRUWLRQ�RI� RQH�RI� WKHVH� WURXJKV��7KLQ�
ULSSOH�PDUNHG�VDQGVWRQH�EHGV���WR�D�IHZ�FHQWLPHWHUV�����±��
LQ��WKLFN�DUH�SUHVHQW�PRVWO\�WR�WKH�QRUWKHDVW�RI�WKHVH�PHJ�
DULSSOH�FUHVWV� �¿JXUH��%���'���7KHVH� WKLQ� VDQGVWRQH�EHGV�
DUH�GRPLQDWHG�E\�XQGXODWRU\� ULSSOHV�VKRZLQJ�D�VRXWKHDVW�
FXUUHQW�GLUHFWLRQ��ZLWK�IHZHU�VXUIDFHV�ZLWK�XQGXODWRU\�ULS�
SOHV�LQGLFDWLQJ�D�QRUWKZHVW�FXUUHQW�GLUHFWLRQ�RU�V\PPHWUL�
FDO�ZDYH�ULSSOHV��¿JXUH��(���*���7KH�QRUWKZHVW�VRXWKHDVW�
FXUUHQW�GLUHFWLRQV�LQGLFDWHG�E\�WKH�ULSSOH�PDUNV�QHDUO\�SDU�
DOOHO� WKH� FUHVWV� RI� WKH� HURVLYH�PHJDULSSOHV� �.LUNODQG� DQG�
0LOQHU��������LQGLFDWLQJ�WKDW�WKH�VPDOOHU�ZDYHV�SURGXFLQJ�
WKHVH�VHGLPHQWDU\�IHDWXUHV�ZHUH�GLUHFWHG�DORQJ�WKH�WURXJKV�
RI�WKH�PHJDULSSOHV�ZLWK�WKH�ZDWHU�GUDLQLQJ�EDFN�GRZQ�WKH�
FHQWHU�RI� WKH� WURXJKV��¿JXUH��*���$GGLWLRQDOO\�� WKHVH� WKLQ�
ULSSOH�PDUNHG�VDQGVWRQHV�SUHVHUYH�DEXQGDQW�GLQRVDXU�DQG�
FURFRG\ORPRUSK�WUDFNV��¿JXUH��(���)���,�.��WRJHWKHU�ZLWK�
UHODWLYHO\�UDUH�SODQW�LPSUHVVLRQV��¿JXUH��+���5LOO�PDUNV�DUH�
DOVR�SUHVHQW�LQGLFDWLQJ�ZDWHU�GUDLQLQJ�RII�WKLV�VXUIDFH�WR�WKH�
ZHVW��7KH� XSSHU� VXUIDFH� RI� WKH�PDLQ� WUDFN�EHDULQJ� VDQG�
VWRQH� LV� LQWHUSUHWHG� DV� UHSUHVHQWLQJ� D� EHDFK� RU� EDU� DORQJ�
WKH�VKRUH�RI�D�ODUJH�ODNH�WKDW�ZDV�EHLQJ�PRGL¿HG�E\�ZDYHV�
LPSLQJLQJ�RQ�LW�

2QH�PHWHU����IW��RI�UHGGLVK�SXUSOH�VKDOH��¿JXUH���$�
��&��RYHUOLHV� WKH� -)6%��7KHVH� VKDOHV� DOVR� SUHVHUYH� SDUW�
LQJV�WKDW�DUH�FRYHUHG�ZLWK�RVWUDFRGV��6FKXGDFN���������7ZR�
KLJKO\�PLFDFHRXV�]RQHV��XQLWV���������D�FRXSOH�RI�FHQWLP�
HWHUV� WKLFN� LQ� WKHVH� VKDOHV� ZHUH� VDPSOHG� IRU� UDGLRPHWULF�
GDWLQJ�E\�ODVHU�DEODWLRQ�RI�]LUFRQV��7KH�]LUFRQ�DJHV�ZHUH�DOO�
7ULDVVLF�DQG�ROGHU�� LQGLFDWLQJ� WKH\�ZHUH�GHULYHG� IURP� WKH�
XQGHUO\LQJ�&KLQOH�)RUPDWLRQ� �2¶6XOOLYDQ��$SDWLWH� WR�=LU�
FRQ��,QF���SHUVRQDO�FRPPXQ����������7KH�VKDOHV�DUH�LQ�WXUQ�
RYHUODLQ�E\����FHQWLPHWHUV������IW��RI�UHGGLVK�EURZQ�PXG�
VWRQH��¿JXUH���%����&��SUHVHUYLQJ�GLVVHPLQDWHG�RVWUDFRGV��

FRQFKRVWUDFDQV��DQG�LVRODWHG�¿VK�ERQHV�DQG�VFDOHV��7KHVH�
¿QH�JUDLQHG� VHGLPHQWV� UHSUHVHQW� RIIVKRUH� ODNH� HQYLURQ�
PHQWV�DQG�DUH�SHQHWUDWHG�IURP�WKH�WRS�E\�VDQGVWRQH�¿OOHG�
PXGFUDFNV�XS�WR����FHQWLPHWHUV������IW��GHHS�

:KHUH�PHDVXUHG� WR� WKH�QRUWK�RQ� WKH�QRUWKZHVW� VLGH�
RI�5LYHUVLGH�'ULYH��XQLW����LV�D�UHGGLVK�RUDQJH�VDQGVWRQH�
FRPSOH[����FHQWLPHWHUV������IW��WKLFN�WKDW�RYHUOLHV�WKH�IRV�
VLOLIHURXV�VKDOHV�DQG�FXWV�RXW�SDUW�RI�XQLW�����SLQFKLQJ�RXW�
WR�WKH�VRXWK�DFURVV�5LYHUVLGH�'ULYH�ZHVW�RI�6*'6��8QLW����
FRQVLVWV�RI�IRXU�VDQGVWRQH�EHGV�������FHQWLPHWHUV����������
LQ�� WKLFN� VHSDUDWHG� E\�PXGVWRQH� SDUWLQJV��7KH� VDQGVWRQH�
EHGV� SUHVHUYH�PXGFUDFNV� DQG� URRW� FDVWV�ZLWK�PRGHUDWHO\�
ZHOO�SUHVHUYHG�GLQRVDXU�WUDFNV��*UDOODWRU��(XEURQWHV��.D\�
HQWDSXV�� DQG�$QRPRHSXV�� RQ� WKHLU� XSSHU� VXUIDFHV� �¿JXUH�
��'�+���:H�LQWHUSUHW�WKH�VDQGVWRQHV�DV�UHSUHVHQWLQJ�VDQG�
GHSRVLWHG�QHDU�WKH�ODNH�PDUJLQ��PXFK�LQ�D�PDQQHU�OLNH�WKDW�
LQWHUSUHWHG�IRU�-)6%��7KH�WUDFN�EHDULQJ�VDQGVWRQHV�DUH� LQ�
WXUQ�RYHUODLQ�E\������PHWHUV������IW��RI�UHGGLVK�EURZQ�PXG�
VWRQH��XQLW�����ZLWK�VFDWWHUHG�WKLQ�OD\HUV�RI�¿QH�VDQGVWRQH�

0LGGOH�VDQGVWRQH�GRPLQDWHG�LQWHUYDO��XQLWV����������7KH�
QH[W������PHWHUV�������IW��DUH�FKDUDFWHUL]HG�E\�LQWHUEHGGHG�
UHGGLVK�EURZQ�VDQGVWRQH�DQG�VDQG\�PXGVWRQH��¿JXUH���$���
7KH� VDQGVWRQH� LV�PXFK� OLNH� WKDW� LQ� WKH�XSSHU� SDUW� RI� WKH�
'LQRVDXU�&DQ\RQ�0HPEHU�DV�LW�SUHVHUYHV�PXGFUDFNV�DQG�
GLQRVDXU�WUDFNV�DQG�LV�LQWHUQDOO\�ULSSOH�FURVV�EHGGHG��+RZ�
HYHU��WKLV�XQLW�DOVR�SUHVHUYHV�IRVVLO�¿VKHV��ERWK�DV�LVRODWHG�
VFDOHV�DQG�ERQHV�DQG�DV�FRPSOHWH�¿VK��ZKHUHDV�QR�¿VK�IRV�
VLOV�DUH�\HW�NQRZQ�IURP�WKH�XSSHU�'LQRVDXU�&DQ\RQ�0HP�
EHU��¿JXUH�����6LPLODU�WR�WKH�WUDFN�EHDULQJ�EHGV�RI�WKH�'L�
QRVDXU�&DQ\RQ�0HPEHU�� WKHVH�VDQGVWRQHV�DUH� LQWHUSUHWHG�
WR�UHSUHVHQW�ODNH�PDUJLQ�VDQG�GHSRVLWV�HPSODFHG�E\�ORQJ�
VKRUH�FXUUHQWV��2WKHU�RXWFURSV�RI�WKLV�LQWHUYDO�H[DPLQHG�LQ�
WKH�6W��*HRUJH�DUHD�SUHVHUYH�OHVV�VDQGVWRQH�WKDQ�DW�6*'6��
VXJJHVWLQJ� WKDW� WKHVH� VDQGVWRQHV�PD\� UHSUHVHQW� D� VSLW� RU�
VKRDO�WKDW�ZDV�RQO\�GHYHORSHG�LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�
WKH�6*'6��7KH�¿QLQJ�LQ�WKH�XSSHU�SRUWLRQ�RI�WKLV�LQWHUYDO�
VXJJHVWV�GHHSHQLQJ�RI�WKH�ODFXVWULQH�V\VWHP�

$W����FHQWLPHWHUV������IW��DERYH�WKH�EDVH�RI�XQLW�����D�
ODWHUDOO\�H[WHQVLYH�GLQRVDXU�WUDFN�KRUL]RQ�LV�SUHVHQW�RQ�WRS�
RI�D�KLOO� MXVW� WR�HDVW�RI�)RVVLO�5LGJH�,QWHUPHGLDWH�6FKRRO��
7KH�H[FDYDWHG�SRUWLRQ�LV�QDPHG�WKH�/'6�7UDFNVLWH��¿JXUH�
��%�� DQG� LV� GRPLQDWHG�E\�*UDOODWRU�ZLWK� UDUH�(XEURQWHV�
DQG�%DWUDFKRSXV��:LOOLDPV�DQG�RWKHUV���������7R�WKH�VRXWK�
RQ�WKH�QRUWKHUQ�VLGH�RI�0DOO�'ULYH��¿JXUH����ZDV�WKH�0DOO�
'ULYH� 7UDFNVLWH� ZLWK� DEXQGDQW�*UDOODWRU� WUDFNV� QRZ� GH�
VWUR\HG�E\�FRQVWUXFWLRQ� �:LOOLDPV�DQG�RWKHUV���������6LO�
LFL¿HG�UHG�RVWUDFRGV�ZHUH�YHU\�FRPPRQ�DW�WKH�0DOO�'ULYH�
7UDFNVLWH��DQG�FRSUROLWHV��¿VK�GHEULV��DQG�HYHQ�DUWLFXODWHG�
¿VKHV�DUH�IRXQG�RQ�DQG�MXVW�EHORZ�WUDFNV�DW�WKH�/'6�7UDFN�
VLWH��,W�LV�KRSHG�WKDW�WKH�/'6�7UDFNVLWH�PD\�EH�GHYHORSHG�
LQWR�DQ�LQWHUSUHWLYH�VLWH�XQGHU�D�VKHOWHU�

8SSHU�VKDOH�GRPLQDWHG�LQWHUYDO��XQLWV���������7KH�XS�
SHU� �����PHWHUV� ������ IW�� RI� WKH�:KLWPRUH�3RLQW�0HPEHU�
FRQVLVW�RI�WKLQ�EHGGHG�ODFXVWULQH�VHGLPHQWV��3ULRU�WR�H[FD�
YDWLRQV�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�)RVVLO�5LGJH�,QWHUPHGL�
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)LJXUH�����7RS�VXUIDFH�RI�-RKQVRQ�)DUP�6DQGVWRQH�%HG��-)6%���XQLW�����$��9LHZ�XS�GLS�WRZDUG�VRXWK�DFURVV�WRS�VXUIDFH�RI�-)6%�VKRZ�
LQJ�UHOLHI�RI�HURVLYH�PHJDULSSOHV��%��9LHZ�WR�ZHVW�DFURVV�WRS�VXUIDFH�RI�-)6%�VKRZLQJ�UHOLHI�RI�HURVLYH�PHJDULSSOHV��&��$FFXPXODWLRQ�RI�
UHG�FKHUW�UHSODFHG�WXID�FRDWHG�³ZRRG´�IURP�WKH�WRS�VXUIDFH�RI�-)6%�SUHVHUYHG�ZLWKLQ�WKH�6*'6�EXLOGLQJ��6*'6������'��'LDJUDP�VKRZLQJ�
WKH�PRVW�OLNHO\�PRGHO�RI�HURVLYH�PHJDULSSOH�IRUPDWLRQ�RI�WKH�-)6%�DW�6*'6�PXVHXP�VLWH��EDVHG�RQ�5HLQHFN�DQG�6LQJK��������¿JXUH�����
'LQRVDXU�WUDFN�GLVWULEXWLRQ�DQG�RWKHU�DVVRFLDWHG�VHGLPHQWDU\�VWUXFWXUHV�LQGLFDWHG��PRGL¿HG�IURP�.LUNODQG�DQG�0LOQHU��������¿JXUH���(���
(��6\PPHWULF�DQG�DV\PPHWULF�ULSSOHV�RQ�WKH�WRS�VXUIDFH�RI�WKH�PDLQ�WUDFN�EHDULQJ�VDQGVWRQH��'HSUHVVLRQV�UHSUHVHQW�SRRUO\�SUHVHUYHG�
*UDOODWRU�WUDFNV��6\PPHWULFDO�ULSSOH�FUHVWV�RULHQWHG�1���(��MRLQWV�GLUHFWHG�1���(��)��$V\PPHWULF�ULSSOHV�RQ�WRS�VXUIDFH�ZLWK�%DWUDFKRSXV�
WUDFNV��*��/DUJH��QRUWKZHVW�GLUHFWHG��DV\PPHWULFDO�ULSSOHV�VXSHUSRVHG�E\�VPDOO��QRUWKHDVW�GLUHFWHG��DV\PPHWULFDO�ULSSOHV�RQ�WKH�QRUWK�
PDUJLQ�RI�D�WURXJK�EHWZHHQ�WKH�HURVLYH�PHJDULSSOHV��-RLQWV�GLUHFWHG�1���(��+��8QLGHQWL¿HG�SODQW�LPSUHVVLRQ�SUHVHUYHG�LQ�D�ODUJH�(X�
EURQWHV�WUDFN�RQ�WKH�WRS�VXUIDFH�RI�PDLQ�WUDFN�EHDULQJ�VDQGVWRQH��7KLV�VSHFLPHQ�LV�QRZ�SUHVHUYHG�RQO\�DV�D�FDVW�DW�6*'6��6*'6�������
,��-��3RUWLRQV�RI�(XEURQWHV�WKHURSRG�WUDFNZD\�RQ�WRS�VXUIDFH�RI�-)6%��6*'6����7����,��3KRWR�WDNHQ�VRRQ�DIWHU������GLVFRYHU\�RI�WDLO�GUDJ�
PDUNV��-��3KRWR�RI�WKHURSRG�FURXFKLQJ�WUDFH�VRRQ�DIWHU������GLVFRYHU\�ZLWK�LQWHUSUHWDWLRQ�RI�D�GRXEOH�VHW�RI�FURXFKLQJ�WUDFHV�WKDW�LQFOXGH�
SHV�IRRWSULQWV�ZLWK�PHWDWDUVDO�LPSUHVVLRQV��LVFKLDO�FDOORVLWLHV��DQG�PDQXV�LPSUHVVLRQV�DVVRFLDWHG�ZLWK�WKH�¿UVW�FURXFKLQJ�WUDFH��.��7LQ\�
WKHURSRG�WUDFN��*UDOODWRU��IURP�WKLQ�ULSSOHG�VDQGVWRQHV�DW�WRS�RI�-)6%��6*'6������
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

)LJXUH������/RZHU�VKDOH�EHGV�RYHUO\LQJ�WKH�-)6%��$��8QLWV�������DV�H[SRVHG�LQ�URDG�FXW�RQ�QRUWKZHVW�VLGH�RI�5LYHUVLGH�'ULYH��5RFN�
KDPPHU�IRU�VFDOH��%��&ORVH�XS�RI�VHGLPHQWV�RYHUO\LQJ�-)6%�RQ�WKH�QRUWKZHVW�VLGH�RI�5LYHUVLGH�'ULYH��7KH�WRS�VXUIDFH�RI�-)6%�LV�DS�
SUR[LPDWHO\�DW�ERWWRP�RI�SKRWRJUDSK��&��6PDOO�KLOO�EHKLQG�URDG�FXW�LQ�$�SULRU�WR�H[FDYDWLRQ��1RWH�ODUJH�VFDOH�FURVV�EHGGLQJ�LQ�XQLW����DW�
WKLV�ORFDWLRQ��'��/RRNLQJ�VRXWK�DFURVV�XSSHU�WUDFN�VXUIDFH�RI�XQLW�����6WHZDUW�:DONHU�7UDFNVLWH��(��0XGFUDFNV�RQ�XSSHU�VXUIDFH��)��/DUJH�
UKL]ROLWK��6*'6�������*��$QRPRHSXV� WUDFNZD\�H[SRVHG�RQ�VXUIDFH�RI�XQLW����E\�H[FDYDWLRQ��+��'DYLG�6ODXI�ZLWK�QDWXUDO�FDVW�VODE�RI�
ODUJH�(XEURQWHV�WUDFN�DVVRFLDWHG�ZLWK�PDQ\�VPDOOHU�*UDOODWRU�DQG�$QRPRHSXV�VDOYDJHG�IURP�XQLW�����6*'6�������1XPEHUV�UHIHU�WR�XQLW�
QXPEHUV�LQ�DSSHQGL[�$�
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DWH�6FKRRO��WKH�:KLWPRUH�3RLQW�0HPEHU�H[SRVXUHV�WR�WKH�
ZHVW� RI� 5LYHUVLGH�'ULYH� DFURVV� IURP� 6*'6� FRQVLVWHG� RI�
ORZ��VSDUVHO\�YHJHWDWHG�KLOOV��¿JXUH���$���5HPRYLQJ�WKHVH�
KLOOV�UHVXOWHG�LQ�WKH�V\VWHPDWLF�H[SRVXUH�RI�EHGGLQJ�SODQHV�
LQ�WKH�XSSHU�VKDOH�LQWHUYDO�WKDW�SHUPLWWHG�GRFXPHQWDWLRQ�RI�
WKHVH�¿QH�JUDLQHG�VWUDWD�QRW�SRVVLEOH�DQ\ZKHUH�HOVH��¿JXUH�
��'���+���$GGLWLRQDOO\��JXOO\LQJ�DORQJ�0DOO�'ULYH�WR�WKH�
VRXWK�SURYLGHG�DQRWKHU�H[WHQVLYH�� WHPSRUDU\�H[SRVXUH�RI�
WKHVH�VWUDWD��¿JXUH���,�.���7KLV�VHTXHQFH�FRQVLVWV�PRVWO\�
RI� FRDUVHQLQJ�XSZDUG� F\FOHV� a������ FHQWLPHWHUV� �a�����
LQ�� WKLFN�� FKDUDFWHUL]HG� E\� KDUG� SODW\� VKDOH� DQG� VLOWVWRQH�
DW� WKH� EDVH�ZLWK� IRVVLO� ¿VKHV�� RVWUDFRGV�� DQG� FRQFKRVWUD�
FDQV�FDSSHG�E\�¿QH�JUDLQHG�VDQGVWRQH�DW�WKH�WRS�SUHVHUY�
LQJ�DOJDO� ODPLQDH��VWURPDWROLWHV��PXGFUDFNV�� UDUH� LVRODWHG�
WHWUDSRG� WHHWK�DQG�ERQHV�� DQG�RFFDVLRQDO�GLQRVDXU� WUDFNV�
�¿JXUH���&���7KLV�EHGGLQJ�SDWWHUQ�PD\�UHSUHVHQW�FOLPDWLF�
F\FOHV��%LHN�DQG�RWKHUV��������������QRWHG�WKDW�WKHVH�KDUG�
SODW\�EHGV�DUH�GRORPLWLF��2WKHU�OHVV�FRPPRQ�IHDWXUHV�VXFK�
DV�VDQGVWRQH�GLNHV�DQG�VRIW�VHGLPHQW�GHIRUPDWLRQ�IHDWXUHV�
DOVR�RFFXU��¿JXUH���.��

5HG��LURQ�HQKDQFHG�FDUERQDWH�FRQFUHWLRQV�DUH�FKDUDF�
WHULVWLF�RI� WKLV� LQWHUYDO��7KH\� UDQJH� IURP�VPDOO��ÀDW�GLVNV�
DERXW���FHQWLPHWHU�DFURVV��IRUPHG�DURXQG�LVRODWHG�JDQRLG�
¿VK�VFDOHV�� VPDOO�ERQHV��ERQH� IUDJPHQWV�� WHHWK��RU�FRSUR�
OLWHV�� WR� ODUJH�SODWHV� WHQV�RI�FHQWLPHWHUV�DFURVV�� VXUURXQG�
LQJ�FRQFHQWUDWLRQV�RI�LVRODWHG�VFDOHV�DQG�ERQH��¿JXUH���%��

��&��*��DQG��LQ�VRPH�FDVHV��ODUJH��DUWLFXODWHG�¿VKHV��6RPH�
RI�WKHVH�DFFXPXODWLRQV�LQ�XQLW����DUH�XQXVXDO�LQ�EHLQJ�FLU�
FXODU�LQ�FURVV�VHFWLRQ�DQG�PRUH�WKDQ�D�PHWHU�ORQJ��!����IW��
�¿JXUH���+���WKH\�IUHTXHQWO\�FRQWDLQ�FRQFHQWUDWLRQV�RI�¿VK�
IRVVLOV�DQG�DUH� WKXV� UHIHUUHG� WR�DV�³¿VK�VWLFNV´� �&KLQ�DQG�
RWKHUV�� ������0LOQHU� DQG�RWKHUV�� �������7KH� ³¿VK� VWLFNV´�
DUH�VXSHU¿FLDOO\�VLPLODU�WR�WKH�FKHUW�UHSODFHG�WXID�SUHVHUYHG�
DW� WKH� EDVH� RI� WKH�:KLWPRUH� 3RLQW�0HPEHU� DQG� DUH� FXU�
UHQWO\�XQGHU�VWXG\�E\�'U��.DUHQ�&KLQ�DQG�KHU�VWXGHQWV�DW�
WKH�8QLYHUVLW\�RI�&RORUDGR�DW�%RXOGHU�

2I�SDUWLFXODU�LQWHUHVW�LV�D�VDQGVWRQH�EHG��XQLW�����QHDU�
WKH�WRS�RI�WKH�LQWHUYDO�WKDW�SUHVHUYHV�ODUJH�ERQHV��LQFOXGLQJ�
K\ERGRQW� VKDUN�¿Q� VSLQHV�DQG�PDQ\�VNXOO� HOHPHQWV� IURP�
ODUJH�FRHODFDQWKV� �0LOQHU�DQG�.LUNODQG���������$GGLWLRQ�
DOO\�WKH�¿UVW�UHFRUG�RI�LVRODWHG�ERQHV�DQG�WHHWK�IURP�WKHUR�
SRG�GLQRVDXUV�LQ�WKH�:KLWPRUH�3RLQW�0HPEHU�DUH�IURP�WKLV�
EHG��0LOQHU�DQG�.LUNODQG��������0LOQHU�DQG�RWKHUV���������
7KH�VLWH�SUHVHUYLQJ�WKH�GLQRVDXU�IRVVLOV�KDV�EHHQ�VHW�DVLGH�
RQ�WKH�JURXQGV�RI�WKH�)RVVLO�5LGJH�,QWHUPHGLDWH�6FKRRO�E\�
WKH�:DVKLQJWRQ�&RXQW\�6FKRRO�'LVWULFW�IRU�IXUWKHU�UHVHDUFK�
�¿JXUH����

7KHVH� EHGV� DUH� KLJKO\� GLVWLQFWLYH� ZLWK� SDOH�UHGGLVK�
DQG� SXUSOLVK�UHG� FRORUV��:KHQ�ZHOO�H[SRVHG� EHORZ� FOLIIV�
IRUPHG� E\� WKH� 6SULQJGDOH� 6DQGVWRQH�0HPEHU�� WKHVH� GLV�
WLQFWLYHO\� ³PDXYH´� FRORUHG� SODW\� EHGV� DUH� UHDGLO\� UHFRJ�
QL]HG�LQ�DOO�H[SRVXUHV�LQ�VRXWKHUQ�:DVKLQJWRQ�&RXQW\�

)LJXUH������0LGGOH�VDQGVWRQH�LQWHUYDO�RI�:KLWPRUH�3RLQW��$���(VFDUSPHQW�IRUPHG�E\�OHYHOLQJ�SURSHUW\�WR�WKH�VRXWK�H[SRVLQJ�WKH�PLGGOH�
VDQGVWRQH�LQWHUYDO�EHWZHHQ�)RVVLO�5LGJH�,QWHUPHGLDWH�6FKRRO�DQG�5LYHUVLGH�'ULYH��$UURZ�LQGLFDWHV�ORFDWLRQ�RI�/'6�7UDFNVLWH��1XPEHUV�
UHIHU�WR�XQLW�QXPEHUV�LQ�DSSHQGL[�$��%��/'6�7UDFNVLWH�QHDU�WKH�WRS�RI�XQLW�����&��6NROLWKRV�VS��EXUURZV�IURP�WKH�³6ODXI�%XUURZ�%HG´��6*'6�
������'��3DODHRSK\FXV�WXEXODULV�EXUURZV�SUHVHUYHG�LQ�FRQYH[�HSL�UHOLHI�IURP�WKH�EDVH�RI�WKH�³*UHHQ�%XUURZ�%HG´��6*'6������
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

)LJXUH������$��1DWXUDO�H[SRVXUH�RI�XSSHU�:KLWPRUH�3RLQW�0HPEHU�RQ�QRUWKZHVWHUQ�VLGH�RI�5LYHUVLGH�'ULYH�LQ������SULRU�WR�FRQVWUXFWLRQ�RI�
)RVVLO�5LGJH�,QWHUPHGLDWH�6FKRRO��%��7\SLFDO�FRQFUHWLRQV�IURP�WKH�XSSHU�VKDOH�LQWHUYDO��'DUN�OXPSV�DUH�EXLOW�XS�DURXQG�JDQRLG�VFDOHV�DQG�
¿VK�ERQHV��&��'HWDLO�RI�YHUWLFDO�H[SRVXUH�RI�XSSHU�VKDOH�LQWHUYDO�RQ�ZHVW�VLGH�RI�%OXII�6WUHHW��¿JXUH����$���$UURZ�KHDGV�SRLQW�WR�IRVVLO�¿VK�
DQG�FRSUROLWH�LQ�FRQFUHWLRQV��'��9LHZ�WR�QRUWK�RI�H[SRVHG�EHGGLQJ�VXUIDFHV�LQ�XSSHU�:KLWPRUH�3RLQW�PDGH�DYDLODEOH�IRU�UHVHDUFK�GXULQJ�
FRQVWUXFWLRQ�RI�)RVVLO�5LGJH�,QWHUPHGLDWH�6FKRRO��(��6DPH�H[SRVXUHV�ORRNLQJ�XS�GLS�WR�VRXWKZHVW��)��&URVV�VHFWLRQ�RI�³¿VK�VWLFN´�LQWHUYDO�
�XQLW�����LPPHGLDWHO\�DERYH�VDQGVWRQH�SUHVHUYLQJ�DEXQGDQW�DQK\GULWH�QRGXOHV��*��0DSSLQJ�RI�GLVWULEXWLRQ�RI�¿VK�EHDULQJ�QRGXOHV�LQ�XQLW�
����+��7\SLFDO�H[SRVXUH�RI�DQ�LVRODWHG�³¿VK�VWLFN´�LQ�XQLW�����,��&URVV�VHFWLRQ�RI�D�³¿VK�VWLFN´��6*'6����������,��([SRVXUH�RI�XSSHU�VKDOH�
LQWHUYDO�RQ�WKH�QRUWKHDVW�VLGH�RI�0DOO�'ULYH��-��&RQYROXWH�EHGGLQJ�LQ�XQLWV�EHORZ�XQLW����RQ�QRUWKHDVW�VLGH�RI�0DOO�'ULYH��.��6WURPDWROLWH�
OD\HU�SUHYLRXVO\�H[SRVHG�DORQJ�0DOO�'ULYH��6*'6�������1XPEHUV�UHIHU�WR�XQLW�QXPEHUV�LQ�DSSHQGL[�$�
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$W�6*'6��WKH�6SULQJGDOH�6DQGVWRQH�0HPEHU�XQFRQ�
IRUPDEO\�RYHUOLHV�¿QH�JUDLQHG�ODFXVWULQH�VHGLPHQWV�RI�WKH�
:KLWPRUH�3RLQW�0HPEHU��(OVHZKHUH��VXFK�DV�LQ�GRZQWRZQ�
6W��*HRUJH�DQG�DW�=LRQ�1DWLRQDO�3DUN��¿QH�JUDLQHG� VDQG�
VWRQH�EHGV� DUH�SUHVHQW�EHORZ� WKLV�XQFRQIRUPLW\� DQG�PD\�
UHSUHVHQW� VDQG� DFFXPXODWLQJ� DORQJ� WKH�PDUJLQ� RI� D�ZDQ�
LQJ�/DNH�'L[LH��¿JXUH���$����%���$OWKRXJK�PDSSHG�ZLWK�
WKH�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPD�
WLRQ��WKHVH�VDQGVWRQHV�DUH�LQWULQVLFDOO\�SDUW�RI�WKH�:KLWPRUH�
3RLQW�0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ��/XFDV�DQG�7DQ�
QHU��������.LUNODQG�DQG�0LOQHU���������/XFDV�DQG�7DQQHU�
������� ¿JXUH� ��� GHVLJQDWHG� WKHVH� EHGV� DV�'LQRVDXU� &DQ�
\RQ�"���:H�SUHIHU�WR�FRQVLGHU�WKHVH�EHGV�DV�DQ�XSSHU�VDQG�
VWRQH�GRPLQDWHG�LQWHUYDO�RI�WKH�:KLWPRUH�3RLQW�0HPEHU�

6SULQJGDOH�6DQGVWRQH�0HPEHU��.D\HQWD����������
)RUPDWLRQ

$W�6*'6��WKH�RYHUO\LQJ�6SULQJGDOH�6DQGVWRQH�0HP�
EHU�OLHV�RQ�DQ�HURVLRQDO�VXUIDFH�ZLWK�XS�WR�D�PHWHU�RU�PRUH�
RI� UHOLHI� UHSUHVHQWLQJ� WKH� -��
�RU� -�VXE�.�XQFRQIRUPLW\�RI�
SUHYLRXV�DXWKRUV��/RFDOO\��ODUJH�FODVWV�����FHQWLPHWHUV�>��LQ@�

DQG�PRUH�LQ�GLDPHWHU��RI�:KLWPRUH�3RLQW�ODFXVWULQH�VHGL�
PHQWV�DUH�SUHVHQW�LQ�WKH�EDVDO�6SULQJGDOH�6DQGVWRQH�DERYH�
WKLV�XQFRQIRUPLW\�

7KH� 6SULQJGDOH� 6DQGVWRQH� �¿JXUH� ��&�(�� LV�PRVWO\�
SDOH�\HOORZLVK�EURZQ�DQG�VWDQGV�RXW�LQ�FRQWUDVW�WR�WKH�GRP�
LQDQWO\�UHG��WR�PDXYH�FRORUHG�VHGLPHQWV�DERYH�DQG�EHORZ�LW��
7KH�6SULQJGDOH�6DQGVWRQH�LV�D�PHGLXP��WR�FRDUVH�JUDLQHG��
�����WR���PHWHU�VFDOH����������IW��SODQDU�DQG�WURXJK�FURVV�
EHGGHG�ÀXYLDO� VDQGVWRQH�ZLWK�PLQRU� GLVFRQWLQXRXV�PXG�
VWRQH�SDUWLQJV��&KHUW�SHEEOHV�DUH�ORFDOO\�FRQFHQWUDWHG�DW�WKH�
EDVH�RI�VRPH�RI�WKH�ODUJHU�FURVV�EHG�VHWV��6PDOO�DPRXQWV�RI�
SHWUL¿HG�ZRRG�DUH�DOVR�SUHVHQW�LQ�WKLV�PHPEHU�

7KH� ORZHU� XQQDPHG� PHPEHU� RI� WKH� .D\HQWD� )RU�
PDWLRQ�� VRPHWLPHV� UHIHUUHG� WR�DV� WKH�³VLOW\� IDFLHV´� LQ� WKH�
WKLFNHU�VHFWLRQV�DORQJ�WKH�=XQL�6DJ��FRQIRUPDEO\�RYHUOLHV�
WKH�6SULQJGDOH�6DQGVWRQH�DQG�DSSHDUV�WR�EH�ODUJHO\�D�ODFXV�
WULQH�XQLW�DW�LWV�EDVH�ZKHUH�WKH�FRQWDFW�UHSUHVHQWV�WKH�ÀXYLDO�
6SULQJGDOH� UHZRUNHG� LQWR� ODNH�PDUJLQ�GHSRVLWV��'LQRVDXU�
WUDFNV�DUH�DEXQGDQW�DORQJ�WKLV�FRQWDFW�LQ�WKH�6W��*HRUJH�DQG�
=LRQ�1DWLRQDO�3DUN�DUHDV��0LOOHU�DQG�RWKHUV��������6PLWK�DQG�
RWKHUV�� ������'H%OLHX[� DQG� RWKHUV�� ������ ������+DPEOLQ��
������+DPEOLQ�DQG�RWKHUV��������0LOQHU�DQG�RWKHUV��������

)LJXUH������6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�.D\HQWD�)RUPDWLRQ��$��([SRVXUH�RI�WKH�XSSHU�:KLWPRUH�3RLQW�0HPEHU�DQG�EDVDO�6SULQJGDOH�
6DQGVWRQH�RQ�WKH�ZHVWHUQ�VLGH�RI�%OXII�6WUHHW�EHORZ�$LUSRUW�5RDG��%��([SRVXUH�RI�WKH�XSSHU�:KLWPRUH�3RLQW�0HPEHU�DQG�EDVDO�6SULQJGDOH�
6DQGVWRQH�RQ�WKH�QRUWKHUQ�VLGH�RI�=LRQ�&DQ\RQ�LQ�=LRQ�1DWLRQDO�3DUN��&��6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPDWLRQ�EHORZ�
�HDVW�RI��0LGGOHWRQ�%ODFN�5LGJH��'��9LHZ�RI�6SULQJGDOH�6DQGVWRQH�IDUWKHU�ZHVW�DORQJ�OLQH�RI�VHFWLRQ�EHORZ��HDVW�RI��0LGGOHWRQ�%ODFN�5LGJH��
(��&RQWDFW�EHWZHHQ�FRDUVH�WURXJK�FURVV�EHGGHG�VDQGVWRQHV�RI�WKH�6SULQJGDOH�6DQGVWRQH�DQG�¿QHU��PRUH�ÀDW�EHGGHG�XQLWV�RI�WKH�PDLQ�
ERG\�RI�WKH�.D\HQWD�)RUPDWLRQ��%DVH�6SULQJGDOH�6DQGVWRQH�LQGLFDWHG�E\�DUURZV��1XPEHUV�UHIHU�WR�XQLW�QXPEHUV�LQ�DSSHQGL[�$�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

3RWWHU�&DQ\RQ�5HIHUHQFH�6HFWLRQ�IRU�WKH���
:KLWPRUH�3RLQW�0HPEHU

:LOVRQ¶V�������� W\SH�VHFWLRQ�RI� WKH�:KLWPRUH�3RLQW�
0HPEHU�ZDV�PHDVXUHG�DV�SDUW�RI�DQ�RYHUDOO�0RHQDYH�)RU�
PDWLRQ�VHFWLRQ�LQ�VHFWLRQ�����7�����1���5����:��DW�:KLWPRUH�
3RLQW�RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�.DQDE�3DLXWH�,QGLDQ�5HVHU�
YDWLRQ�DERXW���NLORPHWHUV����PL��QRUWKHDVW�RI�3LSH�6SULQJV�
1DWLRQDO�0RQXPHQW��0RKDYH�&RXQW\��$UL]RQD��¿JXUHV����
�����+H�GHVFULEHG�WKH�:KLWPRUH�3RLQW�0HPEHU�DV�D�VLQJOH�
���PHWHU�WKLFN�����IW��XQLW�

³6LOWVWRQH� WR� FOD\VWRQH�� PHGLXP�JUD\� �1����
SDOH� EURZQ� ��<5������ JUD\LVK� UHG� ���5������
DQG�JUHHQLVK�JUD\���*<������JUDGHV�IURP�¿QH�
VLOWVWRQH�WR�FOD\VWRQH�LQ�DOWHUQDWLQJ�VHWV�IURP���
LQ�WR���IRRW�WKLFN��¿UPO\�FHPHQWHG��FDOFDUHRXV�
WR�QRQ�FDOFDUHRXV�� KRUL]RQWDOO\� ODPLQDWHG� WR�
YHU\� WKLQ�EHGGHG��ZHDWKHUV� WR�IRUP�JUD\LVK�
FRORUHG� VORSH�� 8QLW� FRQWDLQV� D� ��� IRRW� WKLFN�
OHQWLFXODU�VHW�RI�JUD\LVK�RUDQJH�SLQN���<5�����
YHU\� ¿QH� JUDLQHG� VDQG\� VLOWVWRQH� �� IW� DERYH�
EDVH��8QLW�FRQWDLQV�VFDWWHUHG�VPDOO�LURQ�R[LGH�
FRQFUHWLRQV�FRQWDLQLQJ�¿VK�VFDOHV�DQG�ERQHV�́

5HVHDUFK�E\�WKH�8*6�LQ�VRXWKZHVWHUQ�8WDK�DQG�DW�WKH�
6*'6� QHFHVVLWDWHG� GHYHORSLQJ� D� EHWWHU� XQGHUVWDQGLQJ� RI�
WKH�:KLWPRUH�3RLQW�0HPEHU��VR�WKH�W\SH�DUHD�ZDV�YLVLWHG�
E\�8*6�VWDII��*UDQW�:LOOLV��%RE�%LHN��DQG�-LP�.LUNODQG��
DQG�6SHQFHU�/XFDV�RI�WKH�1HZ�0H[LFR�0XVHXP�RI�1DWX�
UDO�+LVWRU\�DQG�6FLHQFH�LQ�$XJXVW�������6XEVHTXHQWO\��WKLV�
YLVLW�KDV�UHVXOWHG�LQ�D�QXPEHU�RI�SXEOLVKHG�UHSRUWV�DV�GLV�
FXVVHG�EHORZ��EXW�QR�GHWDLOHG�GHVFULSWLRQ�RI�WKH�VHFWLRQ�KDV�
EHHQ�SXEOLVKHG��7KLV�UHIHUHQFH�VHFWLRQ��¿JXUH�����DW�3RWWHU�
&DQ\RQ��DSSHQGL[�%��ZDV�HVWDEOLVKHG�DW�WKH�VLWH�YLVLWHG�LQ�
������DV�LW�ZDV�WKH�QHDUHVW��UHDGLO\�DFFHVVLEOH��ZHOO�H[SRVHG�
:KLWPRUH� 3RLQW� RXWFURS� WR�:LOVRQ¶V� ������� W\SH� VHFWLRQ��
�DSSUR[LPDWHO\�����NLORPHWHUV�>����PL@�QRUWKZHVW��RQ�SXE�
OLF�ODQGV�DGPLQLVWHUHG�E\�WKH�%XUHDX�RI�/DQG�0DQDJHPHQW�
�¿JXUH������%DVHG�RQ�ERUH�KROHV� IRU� SDOHRPDJQHWLF� VDP�
SOLQJ��WKH�VHFWLRQ�ZDV�LGHQWL¿HG�E\�XV�DV�WKH�VDPH�VHFWLRQ�
DV� WKDW�PHDVXUHG� E\�'RQRKRR�+XUOH\� DQG� RWKHUV� ��������
+RZHYHU��/XFDV�DQG�7DQQHU¶V� �������3RWWHU�&DQ\RQ�6HF�
WLRQ�ZDV�����NLORPHWHUV�������PL��ZHVW�RI�WKLV�VHFWLRQ�EDVHG�
RQ�WKH�SXEOLVKHG�FRRUGLQDWHV�

7DQQHU� DQG� /XFDV� ������� PDUNHG� WKH� EDVH� RI� WKHLU�
:KLWPRUH�3RLQW�0HPEHU�DW�D�GLVWLQFW�FRORU�FKDQJH�IURP�D�
PHGLXP�EURZQLVK�UHG��W\SLFDO�RI�WKH�RYHUDOO�'LQRVDXU�&DQ�
\RQ�0HPEHU�FRORU��WR�D�SDOH�UHG��ZKLFK�ZH�IRXQG�FRLQFLGHV�
ZLWK�D�GLVFRQIRUPDEOH�VXUIDFH�WKDW�VHSDUDWHV�PRUH�WKLQO\�
EHGGHG� PXGG\� VDQGVWRQHV� DQG� VDQG\� PXGVWRQHV� DERYH��
IURP� ZHOO�VRUWHG� VDQGVWRQHV� EHORZ�� +RZHYHU�� :LOVRQ�
�������QRWHG�D�����PHWHU�WKLFN�����IW��JUD\LVK�RUDQJH�SLQN�
OHQWLFXODU�VDQG\�VLOWVWRQH�����PHWHUV����IW��DERYH�WKH�EDVH�
RI� KLV�:KLWPRUH�3RLQW�0HPEHU��7KLV� XQLW�PD\� UHSUHVHQW�
RXU�XQLW����DQG� WKH�GHIRUPHG�VDQGVWRQH� OHQVHV�GHVFULEHG�

E\�7DQQHU� DQG�/XFDV� �������� VXJJHVWLQJ� WKDW� SHUKDSV�KLV�
FRQWDFW�FRUUHODWHV�ZLWK�WKH�EDVH�RI�RXU�XQLW�����¿JXUH������
,QLWLDOO\��ZH�SLFNHG�XQLW����DV� WKH�EDVDO�XQLW�RI� WKH�:KLW�
PRUH� 3RLQW�ZKHQ�ZH�PHDVXUHG� RXU� VWUDWLJUDSKLF� VHFWLRQ��
DQG�JLYHQ� WKH� YDULDEOH� DPRXQW� RI� GRZQ�FXWWLQJ�REVHUYHG�
LQ�XQLW�����ZH�EHOLHYH�WKDW�:LOVRQ��������DOVR�SLFNHG�WKH�
EDVH�RI�XQLW����DV�KLV�ORZHU�FRQWDFW�RI�WKH�W\SH�:KLWPRUH�
3RLQW�0HPEHU��)XWXUH�UHVHDUFKHUV�VKRXOG�VHHN�SHUPLVVLRQ�
IURP�WKH�3DLXWH�,QGLDQ�7ULEH�WR�UH�H[DPLQH�:LOVRQ¶V��������
0RHQDYH�VHFWLRQ�WR�FRQ¿UP�ZKLFK�FRQWDFW�LV�PRUH�FRQVLVW�
HQW�ZLWK�:LOVRQ¶V��������LQLWLDO�LQWHQW�

'LQRVDXU�&DQ\RQ�0HPEHU��0RHQDYH�)RUPDWLRQ�
�XQLWV������

2QO\� WKH�XSSHU� IHZ�PHWHUV�RI� WKH�'LQRVDXU�&DQ\RQ�
0HPEHU�DUH�H[SRVHG�EHORZ�WKH�:KLWPRUH�3RLQW�UHIHUHQFH�
VHFWLRQ��¿JXUH���&�(���7KH�EDVDO�����PHWHUV�������IW��DULVH�
IURP�WKH�YHJHWDWHG�DOOXYLXP�DW�WKH�EDVH�RI�WKH�H[SRVXUH�DQG�
DUH�FRPSRVHG�RI�PHGLXP��WR�¿QH�JUDLQHG��UHGGLVK�EURZQ��
PHGLXP�VFDOHG� WURXJK� WR� ULSSOH� FURVV�EHGGHG� VDQGVWRQH�
WKDW�IRUPV�URXQGHG�EHQFKHV��7KH�XSSHU����FHQWLPHWHUV������
IW��FRQVLVW�RI�SDOH�UHG�WR�JUD\LVK�UHG�LQWHUEHGGHG�VLOW\�VKDOHV�
DQG�YHU\�¿QH�JUDLQHG�VDQGVWRQH�EHGV�WKDW�PD\�EH�FXW�RXW�
ODWHUDOO\�E\�WKH�GLVFRQIRUPDEOH�FRQWDFW�DW�WKH�EDVH�RI�7DQ�
QHU�DQG�/XFDV¶V��������:KLWPRUH�3RLQW�0HPEHU�RYHUO\LQJ�
WKHVH�VDQGVWRQHV�

7DQQHU�DQG�/XFDV¶V�VDQGVWRQH�LQWHUYDO��XQLWV��������7DQ�
QHU�DQG�/XFDV��������SODFHG�WKHLU�FRQWDFW�EHWZHHQ�WKH�'L�
QRVDXU�&DQ\RQ�DQG�:KLWPRUH�3RLQW�0HPEHUV�DW�D�GLVFRQ�
IRUPLW\�WKDW�LV�W\SLFDOO\�EOHDFKHG�WR�\HOORZLVK�JUD\�D�VKRUW�
GLVWDQFH�DERYH�ZKHUH�WKH�FRORU�RI�WKH�URFNV�FKDQJHV�IURP�
PHGLXP�UHGGLVK�EURZQ�WR�SDOH�UHG�DQG�EHGGLQJ�EHFRPHV�
WKLQQHU� �¿JXUH� ��(��� %HGGLQJ� UDQJHV� IURP� PRGHUDWHO\�
ZHOO�ODPLQDWHG� WR� ZDY\�EHGGHG� WR� ULSSOH� FURVV�EHGGHG��
ZLWK�VRPH�URRWLQJ�DQG�VPDOO�YHUWLFDO�EXUURZV��7KLV�GLVFRQ�
IRUPLW\��ZKHQ� WUDFHG� ODWHUDOO\�� FXWV� GRZQ�RQWR� WKLV� FRORU�
FKDQJH�DW� WKH�WRS�RI�XQLW����¿JXUH������8S�VHFWLRQ�DW�XQLW�
����WKH�URFNV��ZKLOH�QRW�FKDQJLQJ�FKDUDFWHU�DSSUHFLDEO\��DUH�
FRORUHG�D�GXVN\�\HOORZ��7KLV�LQWHUYDO�KDV�D�WRWDO�WKLFNQHVV�
RI������PHWHUV�������IW���7KLV�LQWHUYDO�PDUNV�WKH�HQG�RI�ÀX�
YLDO� GHSRVLWLRQ� DQG� WKH�EHJLQQLQJ�RI� ODFXVWULQH� LQÀXHQFH�
LQ�WKLV�DUHD�

:KLWPRUH�3RLQW�0HPEHU��0RHQDYH�)RUPDWLRQ�
�XQLWV�������

/RZHU�VKDOH�LQWHUYDO��XQLWV���������$�VKDUS�EUHDN�VHSD�
UDWHV� WKH�PXGG\� VDQGVWRQH� IURP� VKDOH� DW� WKH� EDVH� RI� WKH�
ORZHU� VKDOH� LQWHUYDO�� :HOO�ODPLQDWHG�� SRRUO\� WR�� DW� EHVW��
PRGHUDWHO\�LQGXUDWHG�VKDOH�GRPLQDWHV�WKH�QH[W������PHWHUV�
������ IW��RI� WKH�VHFWLRQ�� ,Q� WKH� ORZHU�SRUWLRQ�� WKLV�VKDOH� LV�
GDUN�JUD\�ZLWK�RUJDQLF�FDUERQ�DQG�LV�FDOFDUHRXV��,W�LV�KLJKO\�
IRVVLOLIHURXV�DV�ZHOO��ZLWK�DEXQGDQW��ZHOO�SUHVHUYHG�RVWUD�
FRGV�DQG�FRQFKRVWUDFDQV�ZLWK�PLQRU�DPRXQWV�RI�FRPSUHV�
VLRQDO�SODQW�IUDJPHQWV�DQG�¿VK�GHEULV��%RWK�XQLWV����DQG����
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)LJXUH������:KLWPRUH�3RLQW��$UL]RQD��$��*RRJOH�(DUWK�YLHZV�RI�WKH�W\SH�DUHD�RI�WKH�:KLWPRUH�3RLQW�0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ��
%OXH�DUURZ�LQGLFDWHV�VLWH�RI�:LOVRQ¶V��������W\SH�VHFWLRQ�GHVFULSWLRQ��5HG�DUURZ�LV�VLWH�RI�'RQRKRR�+XUOH\�DQG�RWKHU¶V��������VHFWLRQ�DQG�
WKDW�GHVFULEHG�KHUHLQ��DSSHQGL[�%���*UHHQ�DUURZ�LV�VHFWLRQ�RI�7DQQHU�DQG�/XFDV���������5HG�OLQH�LV�WKH�ZHVWHUQ�ERXQGDU\�RI�WKH�.DLEDE�
3DLXWH�,QGLDQ�5HVHUYDWLRQ��%��9LHZ�WR�VRXWK�VRXWKHDVW�IURP�3RWWHU�&DQ\RQ�VHFWLRQ�WR�:KLWPRUH�3RLQW��7KLQ�UHG�DUURZV�LQGLFDWH�WKH�XSSHU�
DQG�ORZHU�FRQWDFWV�RI�WKH�:KLWPRUH�3RLQW�0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ��3LQN�DUURZ�SRLQWV�WR�WKH�DSSUR[LPDWH�VLWH�RI�:LOVRQ¶V�W\SH�
:KLWPRUH�3RLQW�VHFWLRQ�RQ�WKH�.DQDE�,QGLDQ�5HVHUYDWLRQ��:LOVRQ��������
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)LJXUH������6WUDWLJUDSKLF�VHFWLRQ�DV�PHDVXUHG�DW�3RWWHU�&DQ\RQ��3DOHRPDJQHWLF�GDWD�IURP�'RQRKRR�+XUOH\�DQG�RWKHUV��������¿JXUH����EDVHG�RQ�D�FRUUHODWLRQ�RI�WKH�ORZHU�VKDOH�DQG�
WKH�EDVH�RI�6SULQJGDOH�6DQGVWRQH�EHWZHHQ�SORWWHG�VHFWLRQV��8QLW�QXPEHUV�DV�LQ�DSSHQGL[�%�
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DUH�FRTXLQDV�RI�FRQFKRVWUDFDQV�DQG�RVWUDFRGV��'XULQJ�WKH�
8*6¶V�LQLWLDO�YLVLW�LQ�������XQLW����ZDV�VDPSOHG�IRU�SDO\�
QRORJ\��&RUQHW�DQG�:DDQGHUV��������IRXQG�WKDW�WKH�VDPSOH�
SUHVHUYHG�D�SDO\QRPRUSK�DVVHPEODJH�FKDUDFWHULVWLF�RI�WKH�
(DUO\�-XUDVVLF��7KHVH�IRVVLOLIHURXV�URFNV�DUH�LQWHUSUHWHG�WR�
UHSUHVHQW�GLVWDO�ODFXVWULQH�HQYLURQPHQWV�WKDW�ZHUH�DW�OHDVW�
LQ� WKH� SKRWLF� ]RQH� RQFH� DV� LQGLFDWHG� E\� WKH� VWURPDWROLWLF�
OLPHVWRQH�RI�XQLW�����8QLW����LV�D�KLJKO\�PLFDFHRXV�VLOWVWRQH�
WKDW�ZDV�VDPSOHG�IRU�GDWLQJ�E\�GHWULWDO�]LUFRQV��+RZHYHU��
LW�ZDV�IRXQG�WKDW� WKH�\RXQJHVW�]LUFRQV�GDWHG�LQ�WKLV�VDP�

SOH�ZHUH� DOO� GHULYHG� IURP� WKH� XQGHUO\LQJ�&KLQOH� )RUPD�
WLRQ��5DQG\�,UPLV��8QLYHUVLW\�RI�8WDK��SHUVRQDO�FRPPXQ���
�������*UD\LVK�UHG�VLOW\�VKDOH�FDSSHG�E\�D�WKLQ�VDQGVWRQH�
XQLW�PDNHV�XS�WKH�XSSHU�PHWHU�RI�WKH�LQWHUYDO��7KHVH�EHGV�
DUH�ODUJHO\�XQIRVVLOLIHURXV�

/HQWLFXODU�VDQGVWRQHV��XQLW������2QH�RI�WKH�PRVW�XQXVXDO�
IHDWXUHV�DERXW�WKH�:KLWPRUH�3RLQW�LQ�LWV�W\SH�DUHD�LV�D�KRUL�
]RQ�RI�WKLFN��OLJKW�EURZQ�VDQGVWRQH�OHQVHV��PHWHUV�WKLFN�E\�
D�IHZ�PHWHUV�ZLGH��GLVSOD\LQJ�VLJQL¿FDQW�ODUJH�VFDOH�VRIW�

)LJXUH������6WUDWLJUDSKLF�VHFWLRQ�DW�3RWWHU�&DQ\RQ��$��'HWDLO�VKRZLQJ�FRQWDFW�EHWZHHQ�WKH�:KLWPRUH�3RLQW�0HPEHU�RI�WKH�0RHQDYH�)RU�
PDWLRQ�DQG�WKH�RYHUO\LQJ�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPDWLRQ�DQG�WKH�SUHVHUYDWLRQ�RI�DQ�XSSHU�VDQGVWRQH�LQWHUYDO�
ZHVW�RI�VWUDWLJUDSKLF�VHFWLRQ��%��'HWDLO�RI�YHUWLFDO�FOLII�IRUPHG�LQ�XSSHU�VKDOH�LQWHUYDO�RI�:KLWPRUH�3RLQW�0HPEHU��&��(VFDUSPHQW�ZKHUH�
3RWWHU�&DQ\RQ�6HFWLRQ�ZDV�PHDVXUHG��<HOORZ�ER[HV�ZLWK�ORZHU�FDVH�OHWWHUV�LQGLFDWH�ZKHUH�GHWDLOHG�LPDJHV�$��%��'��DQG�(�DUH�IURP��'��
'HWDLO�RI�FHQWUDO�SRUWLRQ�RI�&�ZLWK�VHJPHQWV�RI�3RWWHU�&DQ\RQ�VHFWLRQ�ODEHOHG�E\�FURVVHG�ZKLWH�EDUV��(��'HWDLO�RI�EDVDO�SRUWLRQ�RI�PHDVXUHG�
VHFWLRQ�VKRZLQJ�XSSHU�IHZ�PHWHUV�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU��8QLW�QXPEHUV�DV�LQ�DSSHQGL[�%��%ODFN�EDUV�DUH���PHWHUV�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

VHGLPHQW�GHIRUPDWLRQ�IHDWXUHV��7KH�ÀDW�XSSHU�VXUIDFHV�RI�
WKH� EHGV� DUH� VKDUS� DQG� FRPPRQO\� EOHDFKHG� WR� D� JUD\LVK�
RUDQJH�SLQN�FRORU��7KH�XQXVXDO�DVSHFWV�RI�WKHVH�EHGV�ZHUH�
¿UVW�QRWHG�GXULQJ�WKH������8*6�YLVLW�WR�WKH�DUHD�DQG�ZHUH�
VXEVHTXHQWO\� GHVFULEHG� LQ� FRQVLGHUDEOH� GHWDLO� E\� 7DQQHU�
DQG�/XFDV���������7KH\�UHFRJQL]HG����RI�WKHVH�VDQGVWRQHV�
OHQVHV� LQ�D�GLVWDQFH�RI�DERXW�KDOI�RI�D�NLORPHWHU� �����PL��
WR� WKH�ZHVW�RI� WKH�PRXWK�RI�3RWWHU�&DQ\RQ��DQG�ZH�LQWHU�
SUHW� WKDW�:LOVRQ� ������� LGHQWL¿HG�DQRWKHU�RQH� WR� WKH�HDVW�
DW�:KLWPRUH�3RLQW��7DQQHU�DQG�/XFDV��������UHSRUWHG�WKDW�
WKHVH�VDQGVWRQH�OHQVHV�ZHUH�������PHWHUV�����������IW��WKLFN�
DQG��������PHWHUV������������IW��ZLGH�RQ�WKH�RXWFURS��ZLWK�
WKH�ORQJ�D[LV�RI�WKH�ERGLHV�YDU\LQJ�IURP�1��Û:�WR�1��Û(��
7KH�VDQGVWRQH�OHQVHV�ZHUH�ODPLQDU�WR�WURXJK�FURVV�EHGGHG�
ZKHUH� XQGHIRUPHG�� 'HIRUPDWLRQ� IHDWXUHV� FRQVLVWHG� RI�
RYHU�VWHHSHQHG� URWDWHG� EHGGLQJ�� PLQRU� IROGLQJ�� DQG� ZD�
WHU�HVFDSH�VWUXFWXUHV��7KHVH�VDQGVWRQHV�ZHUH�REVHUYHG�WR�
FRPSOHWHO\�FXW�RXW�WKH�ORZHU�VKDOH�XQLW��VXFK�WKDW�WKHVH�OD�
FXVWULQH�EHGV�DUH�RQO\�UHFRJQL]HG�EHWZHHQ�WKH�VDQGVWRQH�
OHQVHV�RI�XQLW����

7DQQHU�DQG�/XFDV��������LQWHUSUHWHG�WKHVH�VDQGVWRQHV�
DV�EHLQJ�GHSRVLWHG�LQ�FKDQQHOV�RQ�DQ�DOOXYLDO�SODLQ�GXULQJ�
DQ�LQWHUYDO�RI�UHGXFHG�GHSRVLWLRQDO�EDVH�OHYHO��5DSLG�GHSR�
VLWLRQ�RI�WKH�VDQGV�UHVXOWHG�LQ�GHVWDELOL]DWLRQ�DQG�V\QGHSR�
VLWLRQDO� VXEVLGHQFH�RI� WKH�FKDQQHO� VDQGV�DFFRPSDQLHG�E\�
ORQJLWXGLQDO�URWDWLRQ�FDXVHG�E\�RYHU�VWHHSHQLQJ�DQG�RU�GXF�
WLOH�GHIRUPDWLRQ�RI�WKH�VDQG�ERGLHV��$GMDFHQW�¿QH�JUDLQHG�
ODFXVWULQH�EHGV�RI�WKH�ORZHU�VKDOH�LQWHUYDO�DUH�XQGLVWXUEHG��
WKLV�LV�XQH[SHFWHG�FRQVLGHULQJ�WKH�H[WHQVLYH�VRIW�VHGLPHQW�
GHIRUPDWLRQ�IHDWXUHV�ZLWKLQ�WKH�VDQGVWRQHV�WKH\�KRVW�

0LGGOH�VDQG\�LQWHUYDO��XQLWV���������7KH�QH[W������PHWHUV�
������ IW�� DUH� GRPLQDWHG� E\� IULDEOH� VDQG\� PXGVWRQH� LQWHU�
VSHUVHG�ZLWK�ULSSOH�FURVV�EHGGHG��¿QH��WR�PHGLXP�JUDLQHG�
VDQGVWRQH�EHGV�ZLWK�PXGFUDFNV��7KHVH�EHGV�SUHVHUYH�¿VK�
PDWHULDO�DQG�RVWUDFRGV�LQ�XQLWV����DQG�����7KH�ORZHU�����PH�
WHU�LQWHUYDO������IW���XQLWV��������LV�SDOH�WR�PRGHUDWH�UHGGLVK�
EURZQ� RYHUDOO�� DV� ZLWK� WKH� XQGHUO\LQJ� 'LQRVDXU� &DQ\RQ�
0HPEHU��8QLW����LV�D�¿QH��WR�PHGLXP�JUDLQHG��OHGJH�IRUP�
LQJ�PDUNHU�EHG�WKDW�LV�IRUPHG�RI�GLVWLQFW�VDQGVWRQH�XQLWV�DV�
PXFK�DV����FHQWLPHWHUV������LQ��WKLFN�WKDW�WKLFNHQ��WKLQ��SLQFK�
RXW�� DQG�RU� DUH� UHSODFHG� E\� DGMRLQLQJ� EHGV� RYHU� GLVWDQFHV�
RI� DERXW� ����PHWHUV� ����� IW��� DV� QRWHG� LQ�7DQQHU� DQG�/X�
FDV���������7KH�LQGLYLGXDO�VDQGVWRQH�EHGV�DUH�ULSSOH�FURVV�
EHGGHG�DQG�DUH�FKDUDFWHUL]HG�E\�PXGFUDFNV��EXUURZV��DQG�
GLQRVDXU�WUDFNV�LQFOXGLQJ�*UDOODWRU�DQG�$QRPRHSXV��¿JXUH�
��$����%��UHVSHFWLYHO\���7KLV�VDQGVWRQH�EHG�LV�FRPSDUDEOH�
WR�WKH�-RKQVRQ�)DUP�6DQGVWRQH�%HG�DQG�LV�DOVR�LQWHUSUHWHG�
DV�UHSUHVHQWLQJ�D�PLJUDWLQJ�VDQGEDU�RU�VSLW�

7KH� XSSHU� ����� PHWHUV� ������ IW�� RI� VDQGVWRQH� DQG�
VDQG\�PXGVWRQH�RYHUO\LQJ�XQLW����DUH�GLVWLQFWLYHO\�\HOORZ�
LVK�EURZQ�RYHUDOO��UDQJLQJ�IURP�GRPLQDQWO\�OLJKW�EURZQ�LQ�
WKH�ORZHU�KDOI�DQG�\HOORZLVK�RUDQJH�LQ�WKH�XSSHU�KDOI��1HDU�
WKH�PLGGOH�RI�WKLV�LQWHUYDO������PHWHUV������IW��RI�WKLFN��¿QH�
JUDLQHG�VDQGVWRQH��XQLW�����DUH�H[SUHVVHG�SURPLQHQWO\�RQ�
WKH�FOLII�IDFH�

7KH�XSSHU�VKDOH�LQWHUYDO��XQLWV���������7KH�XSSHU�VKDOH�
LQWHUYDO�LV������PHWHUV�������IW��WKLFN��$V�DW�WKH�6*'6��WKH�
FRORUIXOO\�LQWHUEHGGHG�SDOH�UHG��UHGGLVK�SXUSOH��DQG�SDOH�
JUHHQ�VKDOHV��VLOWVWRQHV�DQG�¿QH�JUDLQHG�VDQGVWRQHV�RI�WKLV�
LQWHUYDO�JLYH�LW�DQ�RYHUDOO�PDXYH�FRORUDWLRQ�IURP�D�GLVWDQFH��
RU�RQ�ZHDWKHUHG�VORSHV��WKDW�LV�GLVWLQFWLYH�LQ�RXWFURS��7KH�
LQGLYLGXDO� SODW\� EHGV� DUH� ZHOO�LQGXUDWHG� DQG� DUH� DOPRVW�
FHUWDLQO\�GRORPLWLF��DV�GHVFULEHG�E\�%LHN�DQG�RWKHUV��������
������IRU�WKHVH�EHGV�LQ�WKH�DUHD�RI�=LRQ�1DWLRQDO�3DUN��DO�
WKRXJK�GRORPLWH�ZDV�QRW�WHVWHG�IRU�LQ�WKH�VHFWLRQV�

:H� GHVFULEHG� WKH� XSSHU� VKDOH� VWUDWD� IURP� D� QHDUO\�
YHUWLFDO� FOLII� �¿JXUHV� ��%�� ��&��� VR� WKDW�� DOWKRXJK� ¿VK�
EHDULQJ��UHG�LURQ�VWDLQHG�FDUERQDWH�QRGXOHV�ZHUH�REVHUYHG�
LQ�WKH�H[SRVXUHV��PXFK�PRUH�RI�WKLV�IRVVLOLIHURXV�PDWHULDO�
ZDV�REVHUYHG�DV�IUDJPHQWV�RQ�WKH�ORZHU�VORSHV��ZKLFK�KDG�
ZHDWKHUHG�RXW�IURP�WKHVH�URFNV��$GGLWLRQDOO\��ZKLOH�WKHVH�
VWUDWD� DSSHDU�PXFK� WKH� VDPH� DV� WKRVH� H[SRVHG� LQ� WKH� 6W��
*HRUJH�DUHD��OLPLWHG�RSSRUWXQLWLHV�WR�SURVSHFW�WKHVH�VWUDWD�
DQG�DQ�DEVHQFH�RI�EHGGLQJ�SODQH�H[SRVXUHV�SUHFOXGHG�LGHQ�
WLI\LQJ�VXEWOH�PXGFUDFN�OD\HUV��GLQRVDXU�WUDFNV��DQG�RWKHU�
WUDFH�IRVVLOV�WKDW�KDYH�EHHQ�REVHUYHG�LQ�IUHVKO\�H[FDYDWHG�
DUHDV�DURXQG�6*'6��7KLQ���������FHQWLPHWHU�����±����LQFK��
VWURPDWROLWLF�FDUERQDWH�OD\HUV�FDS�XQLWV����DQG����

7KH� W\SH� ORFDOLW\� �1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�
+LVWRU\� DQG� 6FLHQFH� ORFDOLW\� ������ RI� WKH� SXWDWLYH� (DUO\�
-XUDVVLF� FRQFKRVWUDFDQ�%XOELOLPQDGLD� NLOOLDQRUXP� �.R]XU�
DQG�:HHPV��������/XFDV�DQG�RWKHUV��������LV�LQ�D�����PHWHU�
WKLFN�����LQ��EHG�RI�SXUSOH�PXGVWRQH�LQ�WKH�:KLWPRUH�3RLQW�
0HPEHU�VLWXDWHG�����PHWHUV�������IW��EHORZ�WKH�EDVH�RI�WKH�
6SULQJGDOH�6DQGVWRQH�0HPEHU�DOPRVW�����PHWHUV������PL��
ZHVW�RI� WKLV� VHFWLRQ��EHWZHHQ�VDQGVWRQHV�DW� WKH� WRS�RI� WKH�
:KLWPRUH� 3RLQW� 0HPEHU� �/XFDV�� 1HZ� 0H[LFR� 0XVHXP�
RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH��SHUVRQDO�FRPPXQ����������
+RZHYHU�� HYHQ� DIWHU� D� FDUHIXO� VHDUFK�� QR� FRQFKRVWUDFDQV�
ZHUH�IRXQG�LQ�WKH�XSSHU�SDUW�RI�RXU�3RWWHU�&DQ\RQ�VHFWLRQ��
DQG�ZH�LQWHUSUHW�WKLV�DV�EHLQJ�GXH�WR�WKH�-��
�XQFRQIRUPLW\�
DW�WKH�EDVH�RI�WKH�6SULQJGDOH�6DQGVWRQH�FXWWLQJ�RXW�WKH�FRU�
UHODWLYH�XSSHUPRVW�:KLWPRUH�3RLQW�0HPEHU�LQ�RXU�VHFWLRQ�

:KHUH�RXU�VHFWLRQ�ZDV�GHVFULEHG��WKH�FRQJORPHUDWLF�
EDVDO�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI� WKH�.D\HQWD�)RU�
PDWLRQ�PDNHV� D� VKDUS� HURVLRQDO� FRQWDFW�ZLWK� DV�PXFK� DV�
��PHWHU������IW��RI�UHOLHI�RQ�WKH�XSSHU�VKDOH�LQWHUYDO����$��
��'�� ��)��� ,Q� WKH� FOLII� WR� WKH� HDVW� DQG� WR� WKH�ZHVW� DORQJ�
WKLV�RXWFURS��WKH�FRQWDFW�ULVHV�LQ�WKH�VHFWLRQ��DQG�D�QXPEHU�
RI�VDQGVWRQH�EHGV�WKDW�DSSHDU�WR�EH�JHQHWLFDOO\�SDUW�RI�WKH�
:KLWPRUH�3RLQW�0HPEHU�DUH�SUHVHQW�EHORZ�WKH�EDVDO�FRQ�
JORPHUDWH�DW�WKH�EDVH�RI�WKH�6SULQJGDOH�6DQGVWRQH��¿JXUHV�
��$�� ��)���7DQQHU� DQG�/XFDV� ������� UHFRJQL]HG� WKDW� WKH�
6SULQJGDOH� 6DQGVWRQH� FXW� GRZQ� WKURXJK� WKH� XQGHUO\LQJ�
VDQGVWRQH�EHGV�DW�WKH�WRS�RI�WKH�:KLWPRUH�3RLQW�ORFDOO\�WR�
WKH�ZHVW�DV�ZHOO�

6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�
)RUPDWLRQ

7KH�6SULQJGDOH�6DQGVWRQH�ZDV�QRW�PHDVXUHG�DW� WKLV�
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VHFWLRQ�� ,WV�EDVDO�SRUWLRQ� LV�FRQJORPHUDWLF�ZLWK�FKHUW� DQG�
OLPHVWRQH� SHEEOHV� WRJHWKHU� ZLWK� DQJXODU� VKDOH� DQG�PXG�
VWRQH�FODVWV�GHULYHG�IURP�WKH�XQGHUO\LQJ�:KLWPRUH�3RLQW��
8QFRQIRUPDEO\�RYHUO\LQJ�WKH�:KLWPRUH�3RLQW�DUH�VHYHUDO�
PHWHUV� RI� UHOLHI� RQ� WKLV� FRQWDFW� RYHU� GLVWDQFHV� RI� WHQV� WR�
DSSUR[LPDWHO\�����PHWHUV��7KH�6SULQJGDOH�IRUPV�D�SURPL�
QHQW�YHUWLFDO�FOLII�WKURXJKRXW�WKH�DUHD��¿JXUH���&���:LOVRQ�
�������PHDVXUHG�D�WRWDO�WKLFNQHVV�RI�������PHWHUV������IW��
DW�KLV�W\SH�VHFWLRQ�WR�WKH�VRXWKHDVW�DW�:KLWPRUH�3RLQW�

&RUUHODWLRQ�RI�WKH�:KLWPRUH�3RLQW�6HFWLRQV

:KLOH�LW�LV�UHDGLO\�GRFXPHQWHG�WKDW�PDQ\��LI�QRW�PRVW��
RI�WKH�ODFXVWULQH�DQG�PDUJLQDO�ODFXVWULQH�EHGV�PD\�EH�FRUUH�
ODWHG�LQGLYLGXDOO\�LQ�RXWFURSV�IRU�WHQV�DQG�SRVVLEO\����V�RI�
PHWHUV��H�J���7DQQHU�DQG�/XFDV���������������LW�LV�PRUH�GLI�
¿FXOW�WR�FRUUHODWH�LQ�GHWDLO�EHWZHHQ�RXWFURSV�RYHU�ODUJHU�GLV�
WDQFHV��DQG�LW�KDV�EHHQ�VXJJHVWHG�WKDW�QR�FRUUHODWLRQ�RI�WKH�
:KLWPRUH�3RLQW� VWUDWLJUDSKLF�XQLWV� LV�SRVVLEOH� �'RQRKRR��
7DQQHU�DQG�/XFDV��������������+XUOH\�DQG�RWKHUV���������
+RZHYHU��DV�SURSRVHG�LQ�.LUNODQG�DQG�0LOQHU��������0LO�

QHU�DQG�RWKHUV��������WKHUH�LV�FRQYLQFLQJ�HYLGHQFH�WKDW�WZR�
PDMRU�H[SDQGLQJ�DQG�FRQWUDFWLQJ�ODFXVWULQH�VHTXHQFHV�DUH�
H[SUHVVHG�ZLWKLQ�WKH�:KLWPRUH�3RLQW�0HPEHU��:H�SURSRVH�
WKDW�WKLV�SDWWHUQ�LV�PRVW�DSSDUHQW�LQ�WKH�PRUH�VRXWKHUQ��GLV�
WDO��VHFWLRQV�RI�WKH�ODFXVWULQH�V\VWHP��)URP�RXU�GHWDLOHG�H[�
DPLQDWLRQ�RI�WKH�WZR�VWUDWLJUDSKLF�VHFWLRQV�RI�WKH�:KLWPRUH�
3RLQW�0HPEHU�SUHVHQWHG�KHUH��DQG�RXU�H[WHQVLYH�EXW�PRUH�
VXSHU¿FLDO� H[DPLQDWLRQ�RI� WKH�:KLWPRUH�3RLQW� HOVHZKHUH�
ZKLOH�SURVSHFWLQJ�IRU�IRVVLOV��'H%OLHX[�DQG�RWKHUV��������
������������������0LOQHU�DQG�RWKHUV������D������E��������
������� ZH� DUH� FRQ¿GHQW� LQ� FRUUHODWLQJ� IRXU� VWUDWLJUDSKLF�
SDFNDJHV�ZLWKLQ�WKH�XSSHU�'LQRVDXU�&DQ\RQ�DQG�:KLWPRUH�
3RLQW� EHWZHHQ� 6*'6� DQG� 3RWWHU� &DQ\RQ�� 7KHVH� FRUUHOD�
WLRQV�DUH�QRW�QHFHVVDULO\�FKURQRVWUDWLJUDSKLF�LQ�QDWXUH��DQG�
WKH�FRQWDFWV�EHWZHHQ�WKHVH�VWUDWLJUDSKLF�LQWHUYDOV�FRXOG�EH�
GLDFKURQRXV�WR�YDU\LQJ�GHJUHHV��:H�DUJXH�WKDW�WKHVH�VWUDWL�
JUDSKLF�LQWHUYDOV�UHSUHVHQW�IDFLHV�WKDW�DUH�JHQHWLFDOO\�UHODWHG�
EHWZHHQ�WKHVH�WZR�VHFWLRQV��*LYHQ�WKDW�LQWHUYDOV�RI�UHYHUVH�
PDJQHWLF� SRODULW\� RFFXU�ZLWKLQ� WKH� XSSHU� DQG� MXVW� EHORZ�
WKH�ORZHU�VKDOH�XQLWV��¿JXUH������D�FKURQRVWUDWLJUDSKLF�LQ�
WHUSUHWDWLRQ�LV�DW�OHDVW�SRWHQWLDOO\�WHVWDEOH��$GGLWLRQDOO\��WKH�

)LJXUH������'HWDLOV�RI�3RWWHU�&DQ\RQ�VHFWLRQ��$��*UDOODWRU�IURP�XQLW�����%��$QRPRHSXV�IURP�XQLW�����&��'HWDLO�RI�XSSHU�VKDOH�XQLW��'��&RQ�
WDFW�EHWZHHQ�:KLWPRUH�3RLQW�DQG�FRQJORPHUDWLF�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPDWLRQ��(��&RQWDFW�EHWZHHQ�:KLWPRUH�
3RLQW�DQG�FRQJORPHUDWLF�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPDWLRQ�IURP�EHORZ��VHH�&���)��&RQWDFW�EHWZHHQ�:KLWPRUH�
3RLQW�DQG�FRQJORPHUDWLF�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPDWLRQ�WR�HDVW�RI�VHFWLRQ��8QLW�QXPEHUV�DV�LQ�DSSHQGL[�%�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

¿QHU�JUDLQHG�VDQGVWRQHV�SUHVHUYHG�ORFDOO\�DW�WKH�WRS�RI�WKH�
:KLWPRUH�3RLQW�EHORZ�WKH�XQFRQIRUPLW\�DW�WKH�EDVH�RI�WKH�
6SULQJGDOH�6DQGVWRQH�UHSUHVHQWV�D�¿IWK�VWUDWLJUDSKLF�SDFN�
DJH�QRW�SUHVHQW�LQ�RXU�VSHFL¿F�VHFWLRQV��7KHVH�FRUUHODWLRQV�
ZRXOG�EH�GLI¿FXOW�RU�QHDUO\�LPSRVVLEOH�WR�UHFRJQL]H�LQ�WKH�
PRVW�QRUWKHUQ�DQG�HDVWHUQ�H[SRVXUHV�RI�WKH�:KLWPRUH�3RLQW�
ZKHUH�VDQGVWRQH�GRPLQDWHV�WKH�HQWLUH�VHTXHQFH�

)RU� WKH� SXUSRVHV� RI� WKLV� GLVFXVVLRQ� WKHVH� LQWHUYDOV�
DUH�UHIHUUHG�WR�DV�WKH�����ORZHU�SUR[LPDO�VDQGVWRQH�XQLW�����
ORZHU�ODFXVWULQH�VKDOH�XQLW�����PLGGOH�SUR[LPDO�VDQGVWRQH�
XQLW�����XSSHU�ODFXVWULQH�VKDOH�XQLW��DQG����XSSHU�SUR[LPDO�
VDQGVWRQH�XQLW��¿JXUH�����

/RZHU�3UR[LPDO�6DQGVWRQH�8QLW

%DVHG� RQ� WKH� GLIIHUHQW� GH¿QLWLRQV� RI� WKH�:KLWPRUH�
3RLQW�0HPEHU�LQ�LWV�W\SH�DUHD�DQG�LWV�GH¿QLWLRQ�LQ�:DVKLQJ�
WRQ�&RXQW\�LQ�VRXWKZHVWHUQ�8WDK�� WKHVH�URFNV�PD\�EH�LQ�
FOXGHG�LQ�WKH�:KLWPRUH�3RLQW�0HPEHU�RI�QRUWKHUQ�$UL]RQD�
DQG�LQ�WKH�XSSHU�'LQRVDXU�&DQ\RQ�0HPEHU�LQ�VRXWKZHVW�
HUQ�8WDK��+RZHYHU��JLYHQ�RXU�GH¿QLWLRQ�RI�WKH�EDVDO�FRQ�
WDFW�RI� WKH�:KLWPRUH�3RLQW�0HPEHU�� WKH� ORZHU�VDQGVWRQH�
XQLW� IRUPV� WKH�XSSHUPRVW� VHYHUDO�PHWHUV�RI� WKH�'LQRVDXU�
&DQ\RQ�0HPEHU��ZKHUH� WKH�SUHVHUYHG�GHSRVLWLRQDO�VWUXF�
WXUHV�DUH�FRPSDWLEOH�ZLWK�QHDUVKRUH�ODFXVWULQH�FRQGLWLRQV��
7KH�HURVLRQDO�FRQWDFW�EHORZ�WKH�7DQQHU�DQG�/XFDV��������
VDQGVWRQH� LQWHUYDO�DW�3RWWHU�&DQ\RQ�PD\�EH�FRUUHODWHG� WR�
WKH�ZLGHVSUHDG� SODQW� GHEULV� EHG� DW� 6*'6� DV� ERWK�ZRXOG�
UHSUHVHQW�LQWHUYDOV�RI�KLJKHU�HQHUJ\�DQG�VHGLPHQW�E\SDVV��
7KH�RYHUO\LQJ�VDQGVWRQH�LQWHUYDO�KDV�D�PDUNHG�LQFUHDVH�LQ�
FOD\� FRQWHQW� DQG� SUHVHUYHV� PRVWO\� ULSSOH� FURVV�EHGGLQJ��
8QIRUWXQDWHO\��WKLV�LQWHUYDO�ZDV�GHVFULEHG�IURP�D�QHDU�YHU�
WLFDO�RXWFURS�DW�3RWWHU�&DQ\RQ��DQG� LW�KDV�QRW�EHHQ�GHWHU�
PLQHG�LI�WKH�DEXQGDQFH�RI�GLQRVDXU�WUDFNV�DQG�PXGFUDFNV�
DW� WKH� EDVH� RI� VDQGVWRQH� EHGV� DQG� DW� SDUWLQJV� UHFRJQL]HG�
DW�6*'6� LV� DOVR� D� FKDUDFWHULVWLF� RI� WKLV� LQWHUYDO� DW�3RWWHU�
&DQ\RQ�DV�ZHOO�

$OWKRXJK�WKH�EDVDO�FRUUHODWLRQ�RI�WKHVH�EHGV�PD\�EH�
XQFHUWDLQ�� WKH�DXWKRUV�DUH�FRQ¿GHQW� WKDW� WKH�XSSHU�SDUW�RI�
WKH� 'LQRVDXU� &DQ\RQ� 0HPEHU� DW� 6*'6� FRUUHODWHV� ZLWK�
7DQQHU�DQG�/XFDV¶��������VDQGVWRQH�LQWHUYDO�DW�WKH�EDVH�RI�
WKHLU�:KLWPRUH�3RLQW�DW�3RWWHU�&DQ\RQ��7KHVH�VWUDWD�DUH�LQ�
WHUSUHWHG� WR� UHSUHVHQW�VDQG�GRPLQDWHG�VHGLPHQW� UHZRUNHG�
E\� FRDVWDO� SURFHVVHV� GXULQJ� KLJKVWDQGV� RI� WKH� LQLWLDO� H[�
SDQVLRQ�RI�/DNH�'L[LH�LQWR�WKH�VRXWKZHVWHUQ�PDUJLQ�RI�WKH�
0RHQDYH�RXWFURS�EHOW�

/RZHU�/DFXVWULQH�6KDOH�8QLW

7KH�EDVH� RI� WKH� ORZHU� VKDOH� LQWHUYDO�� IURP� WKH� EDVH�
RI�XQLW����QHDU�WKH�WRS�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�DW�
6*'6��FRUUHODWHV�ZLWK�WKH�EDVH�RI�:KLWPRUH�3RLQW�0HPEHU�
�XQLW�����DW�3RWWHU�&DQ\RQ��:H�GLG�QRW�GRFXPHQW�D�FKHUW\�
FDUERQDWH� EHG� DW� 3RWWHU�&DQ\RQ� WKDW�ZRXOG� UHSUHVHQW� WKH�
FKHUW\�VWURPDWROLWLF�OLPHVWRQH�DQG�QRGXOH�EHG�SUHVHQW�LQ�WKH�
EDVDO�SDUW�RI�WKH�ORZHU�VKDOH�DW�6*'6�DQG�DW�PDQ\�RWKHU�OR�
FDWLRQV�LQ�:DVKLQJWRQ�&RXQW\��8WDK��2XU�FRUUHODWLRQ�RI�WKH�

¿UVW� VKDOHV�EHORZ� WKH� -RKQVRQ�)DUP�6DQGVWRQH�%HG�ZLWK�
WKH�EDVH�RI�WKH�:KLWPRUH�3RLQW�0HPEHU�DW�3RWWHU�&DQ\RQ�
ZRXOG� VHHP� WR� EH� FRQVLVWHQW�:LOVRQ¶V� ������� FRQFHSW� RI�
WKH�EHJLQQLQJ�RI�:KLWPRUH�3RLQW�GHSRVLWLRQ��$V�KDV�EHHQ�
GLVFXVVHG� DERYH� �.LUNODQG�DQG�0LOQHU�� ������0LOQHU� DQG�
.LUNODQG���������������WKH�VHGLPHQWDU\�IHDWXUHV�SUHVHUYHG�
LQ�DVVRFLDWLRQ�ZLWK�WKH�-RKQVRQ�)DUP�6DQGVWRQH�%HG�VXS�
SRUW�LWV�GHSRVLWLRQ�LQ�ZDWHU�GHSWKV�RI�DSSUR[LPDWHO\���PHWHU�
RU�PRUH�

7KH� XSSHU� FRQWDFW� IRU� WKLV� XQLW� LV� SODFHG� DW� WKH� WRS�
RI� WKH� KLJKHU� VORSH�IRUPLQJ�PXGVWRQH� XQLW�� EHORZ�ZKHUH�
VDQGVWRQH�EHJLQV�WR�GRPLQDWH�WKH�PLGGOH�RI�WKH�PHPEHU�DW�
6*'6��DQG�LV�FRUUHODWHG�WR�WKH�EDVH�RI�WKH�HURVLRQDO�VXUIDFH�
IRUPHG�DW�WKH�EDVH�RI�WKH�OHQWLFXODU�VDQGVWRQH�KRUL]RQ��XQLW�
����DW�3RWWHU�&DQ\RQ��7KH�FKDQQHOL]DWLRQ�RI�WKLV�VXUIDFH�LV�
LQWHUSUHWHG�WR�UHSUHVHQW�WKH�ORZHVW�GHSRVLWLRQDO�EDVH�OHYHO�
UHFRUGHG�ZLWKLQ�WKH�:KLWPRUH�3RLQW��7KH�URRWLQJ�IHDWXUHV�
SUHVHUYHG�LQ�WKH�XSSHU�SDUW�RI�XQLW����DW�6*'6�DUH�WKRXJKW�
WR�UHSUHVHQW�FRORQL]DWLRQ�RI�SODQWV�RQ�D�FRDVWDO�EDU�DQG�QRW�
WKH�FRORQL]DWLRQ�RI�SODQWV�RQ�DQ�H[SRVHG�ÀRRGSODLQ��%DVL�
FDOO\��WKLV�LV�D�FRUUHODWLRQ�RI�WKH�XSSHUPRVW�VKDOHV�DW�WKH�WRS�
RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�DQG�WKH�ORZHU�VKDOH�DQG�
VDQGVWRQH�LQWHUYDO�DW�6*'6�ZLWK�WKH�ORZHU�VKDOH�LQWHUYDO�DW�
3RWWHU�&DQ\RQ�

7KH� ORZHU�VKDOH�XQLW� LV� VLJQL¿FDQW� LQ�SUHVHUYLQJ� WKH�
VWUDWLJUDSKLFDOO\� ORZHVW� IRVVLO�¿VKHV� LQ� WKH�0RHQDYH�)RU�
PDWLRQ��$GGLWLRQDOO\�� WKHVH� VKDOHV� �XQLWV� ������ DW� 6*'6�
DQG�XQLWV�������DW�3RWWHU�&DQ\RQ��SUHVHUYH�WKH�GHQVHVW�FRQ�
FHQWUDWLRQV�RI�RVWUDFRGV�DQG�FRQFKRVWUDFDQV�UHFRUGHG�LQ�WKH�
:KLWPRUH�3RLQW�0HPEHU�DQG�LQFOXGH�WKLQ������FP���KLJKO\�
PLFDFHRXV� VDQGVWRQH� EHGV� WKDW� ZHUH� VDPSOHG� IRU� �XQLQ�
IRUPDWLYH��UDGLRPHWULF�GDWHV�DW�ERWK�VLWHV�

0LGGOH�3UR[LPDO�6DQGVWRQH�8QLW

7KH�PLGGOH�VDQGVWRQH�LQWHUYDO�DW�6*'6�LV�FRUUHODWHG�
ZLWK� WKH� OHQWLFXODU� VDQGVWRQH� XQLW� DQG� RYHUO\LQJ� PLGGOH�
VDQGVWRQH�DW�3RWWHU�&DQ\RQ��7KHUH�LV�QR�HYLGHQFH�RI�DQ�HUR�
VLRQDO�VXUIDFH�DW� WKH�EDVH�RI� WKH�PLGGOH�VDQGVWRQH�XQLW�DW�
6*'6��LQVWHDG��DW�WKLV�ORFDOLW\�WKH�ODFXVWULQH�V\VWHP�LV�LQ�
WHUSUHWHG�WR�KDYH�EHFRPH�PRUH�UHVWULFWHG�EHIRUH�DQ�RYHUDOO�
H[SDQVLRQ�RI�WKH�ODNH��'LQRVDXU�WUDFNV�DUH�DVVRFLDWHG�ZLWK�
VRPH�RI�WKHVH�VDQGVWRQHV�DW�ERWK�VHFWLRQV��7KH�DEXQGDQFH�
RI�IRVVLO�¿VKHV�SUHVHQW�LQ�WKLV�XQLW�LV�XQLTXH�ZKHQ�FRPSDUHG�
ZLWK�DQ\�RWKHU�VDQGVWRQH�LQWHUYDO�LQ�WKH�0RHQDYH�)RUPDWLRQ�

8SSHU�/DFXVWULQH�6KDOH�8QLW

7KH� XSSHU� VKDOH� XQLW� LV� WKH� PRVW� ZLGHVSUHDG� DQG�
GLVWLQFWLYH� IDFLHV� LQ� WKH�:KLWPRUH�3RLQW�0HPEHU��$V�GH�
VFULEHG� DERYH�� D� SXUSOLVK�SLQN� RU�PDXYH� GRORPLWLF� VKDOH�
DQG� VLOWVWRQH� LQWHUYDO� LV� YLVLEOH� DW� D� GLVWDQFH� EHORZ� WKH�
FOLIIV�IRUPHG�E\�WKH�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�
.D\HQWD� )RUPDWLRQ� DFURVV� DOO� RI� VRXWKZHVWHUQ� 8WDK� DQG�
QRUWKHDVWHUQ�$UL]RQD��(YHQ�ZKHUH�VDQGVWRQH�EHGV�FRPH�WR�
GRPLQDWH�WKLV�XQLW�RQ�WKH�QRUWKZHVWHUQ�DQG�HDVWHUQ�PDUJLQV�
RI�WKH�:KLWPRUH�3RLQW�RXWFURS�EHOW��EULJKW�UHG�LURQ�R[LGH�
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)LJXUH������&RUUHODWLRQ�RI�:KLWPRUH�3RLQW�0HPEHU�DW�6*'6�ZLWK�WKH�QHZO\�HVWDEOLVKHG�UHIHUHQFH�VHFWLRQ�DW�3RWWHU�&DQ\RQ�
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

VWDLQHG��FDUERQDWH�FRDWHG�¿VK�UHPDLQV�UHÀHFW�WKLV�LQWHUYDO�
RI�ODFXVWULQH�GHSRVLWLRQ��7KH�HYLGHQFH�WKDW�WKLV�LQWHUYDO�UHS�
UHVHQWV� ÀXFWXDWLQJ� ODNH� HQYLURQPHQWV� WKDW�ZHUH� UHJXODUO\�
VXEDHULDOO\�H[SRVHG�KDV�EHHQ�ZHOO�GRFXPHQWHG� �.LUNODQG�
DQG�0LOQHU��������/XFDV�DQG�7DQQHU��������7DQQHU�DQG�/X�
FDV��������

8SSHU�3UR[LPDO�6DQGVWRQH�8QLW

$OWKRXJK� WKH� XSSHU� VDQGVWRQH� XQLW� LV� QRW� SUHVHQW�
ZKHUH�HLWKHU�VHFWLRQ�ZDV�PHDVXUHG��LWV�SUHVHQFH�LQ�ERWK�DU�
HDV�LV�ZHOO�GRFXPHQWHG��¿JXUHV���$����%����$����)���,WV�
GLVFRQWLQXRXV�SUHVHQFH�EHORZ�WKH�-��¶�XQFRQIRUPLW\�GRFX�
PHQWV� WKDW� D� UHJUHVVLYH� ODFXVWULQH� VKRUHOLQH� DQG� SHUKDSV�
ÀRRGSODLQ�IDFLHV�GHYHORSHG�SULRU�WR�FRQWLQXHG�ORZHULQJ�RI�
GHSRVLWLRQDO� EDVH� OHYHO� DQG� HURVLRQ� IRUPLQJ� WKH� UHJLRQDO�
-��
�XQFRQIRUPLW\�EHORZ�WKH�.D\HQWD�)RUPDWLRQ�

$JH�RI�WKH�0RHQDYH�)RUPDWLRQ

7KH�:KLWPRUH�3RLQW�0HPEHU�SUHVHUYHV�WKLFN�VFDOHG�
VHPLRQRWLG�¿VK��+HVVH��������6FKDHIIHU�DQG�'XQNOH��������
0LOQHU�DQG�RWKHUV������D��0LOQHU�DQG�.LUNODQG��������WKDW�
SUHYLRXVO\�KDG�EHHQ�XVHG�WR�GDWH�WKHVH�EHGV�YDULDEO\�DV�(DU�
O\�-XUDVVLF�RU�/DWH�7ULDVVLF��+DUVKEDUJHU�DQG�RWKHUV���������
$Q�(DUO\�-XUDVVLF�DJH�IRU�WKH�:KLWPRUH�3RLQW�0HPEHU�KDG�
EHHQ�DFFHSWHG�EDVHG�RQ�FRPSDULVRQV�RI�WKHVH�IRVVLO�¿VKHV�
ZLWK�WKRVH�SUHVHUYHG�LQ�WKH�1HZDUN�6XSHUJURXS�RI�HDVWHUQ�
1RUWK�$PHULFD��2OVHQ�DQG�RWKHUV��������/XFDV�DQG�7DQQHU��
������� +RZHYHU�� 6HPLRQRWXV� NDQDEHQVLV� �6FKDHIIHU� DQG�
'XQNOH��������IURP�WKH�:KLWPRUH�3RLQW�0HPEHU�KDV�QRZ�
EHHQ�DVVLJQHG� WR�/RSKLRQRWXV� �*LEVRQ������E���ZLWK� WZR�
VSHFLHV� RI� WKLV� JHQXV� �/�� VDQMXDQHQVLV� DQG�/�� FKLQOHDQD��
DOVR� EHLQJ� GHVFULEHG� IURP� WKH� /DWH� 7ULDVVLF� DJH� &KXUFK�
5RFN�0HPEHU�RI� WKH�&KLQOH�)RUPDWLRQ�RI�8WDK� �*LEVRQ��
����D�� ����E��� +RZHYHU�� WKH� (DUO\� -XUDVVLF� DJH� IRU� WKH�
0RHQDYH�)RUPDWLRQ�ZDV�DOVR�VXSSRUWHG�E\�SDO\QRVWUDWLJ�
UDSK\��2OVHQ�DQG�*DOWRQ��������/LWZLQ��������&RUQHW�DQG�
:DDQGHUV�� ������� FURFRG\OLIRUPV� �&ODUN� DQG� )DVWRYVN\��
�������GLQRVDXUV��/XFDV�DQG�+HFNHUW��������/XFDV���������
DQG�IRVVLO� WUDFNV��2OVHQ�DQG�*DOWRQ��������2OVHQ�DQG�3D�
GLDQ��������/XFDV�DQG�+HFNHUW��������/XFDV��������

,Q� WKH� ODVW� WZR�GHFDGHV�� IRVVLOV� JHQHUDOO\� DVVRFLDWHG�
ZLWK�WKH�/DWH�7ULDVVLF�KDYH�EHHQ�IRXQG�LQ�WKH�ORZHU�:LQ�
JDWH�6DQGVWRQH�RI�WKH�EDVDO�*OHQ�&DQ\RQ�*URXS��/RFNOH\�
DQG�RWKHUV��������������0RUDOHV�DQG�$VK��������/XFDV�DQG�
RWKHUV��������*DVWRQ�DQG�RWKHUV��������2GLHU�DQG�RWKHUV��
������0DUW]�DQG�RWKHUV�� WKLV�YROXPH���2Q�WKH�DVVXPSWLRQ�
WKDW�WKH�ORZHU�:LQJDWH�LQWHUWRQJXHV�ODWHUDOO\�ZLWK�WKH�0RH�
QDYH�)RUPDWLRQ��WKHVH�IRVVLOV�KDYH�EHHQ�XVHG�WR�DUJXH�WKDW�
WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\� OLHV� VRPHZKHUH�ZLWKLQ� WKH�
'LQRVDXU�&DQ\RQ�0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ�DQG�
ZLWKLQ�WKH�LQWHUWRQJXLQJ�:LQJDWH�6DQGVWRQH�)RUPDWLRQ�WR�
WKH� QRUWKHDVW�� +RZHYHU�� WKLV� DVVXPSWLRQ� LV� IDU� IURP� FHU�
WDLQ��DQG�JLYHQ�WKH�FXUUHQW�GHEDWH�DERXW�WKH�SRVLWLRQ�RI�WKH�
7ULDVVLF�-XUDVVLF� ERXQGDU\�� WKH� DJH� RI� WKH� 0RHQDYH� DQG�

WKH�VWUDWLJUDSKLF�OHYHO�RI�WKH�HQG�7ULDVVLF�H[WLQFWLRQ��(7(��
GHVHUYH� GLVFXVVLRQ��7KH� IROORZLQJ� LV� DEVWUDFWHG� IURP� WKH�
GHWDLOHG�UHYLHZ�RI�WKLV�GHEDWH�LQ�0LOQHU�DQG�RWKHUV��������

,W� KDV� EHHQ� DUJXHG� WKDW� FRUUHODWLRQ� RI� WKH� 7ULDVVLF�
-XUDVVLF�ERXQGDU\�IURP�PDULQH�VWUDWD�WR�FRQWLQHQWDO�VWUDWD�
FRXOG�EH�EDVHG�RQ�D�UHFRJQLWLRQ�RI�WKH�OHYHO�DW�ZKLFK�³GLDJ�
QRVWLF´�7ULDVVLF�WD[D��SDO\QRPRUSKV��WHWUDSRGV��IUHVKZDWHU�
DUWKURSRGV�� GLVDSSHDUHG�� DQG� OHVV� FRPPRQ� ³GLDJQRVWLF´�
-XUDVVLF�WD[D�DSSHDU��$�IHZ�IRVVLOV�DUH�SUHVHQW�LQ�ERWK�PD�
ULQH�DQG�WHUUHVWULDO�IDFLHV��H�J���SDO\QRPRUSKV���ZKLOH�RWK�
HUV�DUH�JHQHUDOO\�QRW��H�J���WKH�WHUUHVWULDO�WHWUDSRGV�DQG�DP�
PRQLWHV���7KH�SUHYLRXV�FRQVHQVXV�ZDV�WKDW�WKH�DSSHDUDQFH�
RI� -XUDVVLF�W\SH� DPPRQLWHV� FRUUHVSRQGHG� FORVHO\� WR� WKH�
H[WLQFWLRQ�RI�PDQ\�7ULDVVLF�WD[D��ERWK�PDULQH�LQYHUWHEUDWHV�
DQG� WHUUHVWULDO� SDO\QRPRUSKV�� DQG� WKHUHIRUH� WKH� 7ULDVVLF�
-XUDVVLF�ERXQGDU\�FRXOG�EH�ORFDWHG�LQ�FRQWLQHQWDO�GHSRVLWV�
EDVHG�RQ�VKDUHG�WHUUHVWULDO�SDO\QRPRUSKV��:LWK�WKH�7ULDV�
VLF�-XUDVVLF�ELRWLF�WUDQVLWLRQ�DV�D�FDWDVWURSKLF�PDVV�H[WLQF�
WLRQ�EHLQJ�GHEDWHG�� D� JUHDW� GHDO� RI� DWWHQWLRQ�KDV� UHFHQWO\�
EHHQ�IRFXVHG�RQ�WKH�GHWDLOV�RI�WKLV�WUDQVLWLRQ��H�J���:DUG�DQG�
RWKHUV��������������������2OVHQ�DQG�RWKHUV��������+HVVHOER�
DQG�RWKHUV�� ������*XH[�DQG�RWKHUV�� ������+RXQVORZ�DQG�
RWKHUV��������0DU]ROL�DQG�RWKHUV��������7DQQHU�DQG�RWKHUV��
������

7KH� ,QWHUQDWLRQDO� 6WUDWLJUDSKLF� %RXQGDU\� &RPPLV�
VLRQ�FKRVH�D�*OREDO�%RXQGDU\�6WUDWRW\SH�6HFWLRQ�DQG�3RLQW�
�*663���D�IRUPDO�GH¿QLWLRQ�RI�WKH�7ULDVVLF�-XUDVVLF�ERXQG�
DU\��L�H���EDVDO�+HWWDQJLDQ���WKDW�LV�QRW�DW�WKH�LQWHUYDO�RI�WKH�
DOOHJHG� PDVV� H[WLQFWLRQV� �+LOOHEUDQGW� DQG� RWKHUV�� ������
0RUWRQ�DQG�+HVVHOER��������0RUWRQ���������7KH�*663�IRU�
WKH�EDVDO�+HWWDQJLDQ�LV�VHW�DW�WKH�¿UVW�DSSHDUDQFH�RI�WKH�DP�
PRQLWH�3VLORFHUDV�VSHODH�WLUROLFXP��D�(XURSHDQ�VXEVSHFLHV��
+LOOHEUDQGW� DQG� .U\VW\Q�� ������ DW� WKH� .XKMRFK� VHFWLRQ��
.DUZHQGHO�0RXQWDLQV��7\URO��$XVWULD��7KLV�OHYHO�LV�VLJQL¿�
FDQWO\� DERYH� WKH� OHYHO� RI� WKH� ODVW� RFFXUUHQFH�RI� W\SLFDOO\�
7ULDVVLF�DPPRQLWHV��7ULDVVLF�ELYDOYHV��DQG�FRQRGRQWV��,W�LV�
DOVR�DERYH�WKH�WHUUHVWULDO�SDO\QRPRUSK�WXUQRYHU�WKDW�RFFXUV�
LQ�WKHVH�VDPH�VHFWLRQV��7KXV�LW�EHFRPHV�FULWLFDO�QRW�WR�FRQ�
IXVH�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�ZLWK�WKH�(7(�LQWHUYDO��
,Q�DGGLWLRQ��ZKLOH�WKH�(7(�FRXOG�EH�JOREDOO\�LVRFKURQRXV��
WKH�¿UVW�RFFXUUHQFH�RI�D�VSHFL¿F�W\SH�RI�RUJDQLVP�LV�DW�VRPH�
VFDOH�QRW�RQO\�GLDFKURQRXV�EXW�EDVHG�RQ�D�PDULQH�WD[RQ�QRW�
DW�DOO�XVHIXO� LQ� WHUUHVWULDO� VWUDWD�� ,QGHHG�� WKH�VXEVSHFLHV� LV�
QRW�DV�\HW�NQRZQ�RXWVLGH�WKH�ORFDO�DUHD�RI�WKH�*663�

7KHVH�LVVXHV�QHHG�WR�EH�NHSW�LQ�PLQG�ZKHQ�GLVFXVV�
LQJ�WKH�DJH�RI�WKH�0RHQDYH�)RUPDWLRQ��)RU�H[DPSOH��EDU�
ULQJ�HYLGHQFH�WR�WKH�FRQWUDU\��LW�LV�HQWLUHO\�SRVVLEOH�WKDW�WKH�
7ULDVVLF�-XUDVVLF�ERXQGDU\�FRXOG�EH�ZLWKLQ� WKH�0RHQDYH��
ZKLOH� WKH� H[WLQFWLRQ� LQWHUYDO� FRXOG� EH� UHSUHVHQWHG� E\� WKH�
0RHQDYH�&KLQOH�XQFRQIRUPLW\��RU�WKDW�WKH�7ULDVVLF�-XUDVVLF�
ERXQGDU\�FRXOG�EH�ZLWKLQ�WKH�:KLWPRUH�3RLQW�0HPEHU�RI�
WKH�0RHQDYH�)RUPDWLRQ��ZKLOH�WKH�H[WLQFWLRQ�LQWHUYDO�FRXOG�
EH�LQ�WKH�ORZHU�0RHQDYH��,I�WKH�FRQWLQHQWDO�H[WLQFWLRQ�LQ�
WHUYDO� FRUUHODWHV� WR� WKH�PDULQH� H[WLQFWLRQ� WKHQ� LW�PXVW� EH�
RI�7ULDVVLF� DJH�� �7KH� FXUUHQWO\� DFFHSWHG�7ULDVVLF�-XUDVVLF�
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ERXQGDU\�DVVLJQPHQW�LV�RQO\�XVHIXO�DV�D�SODFH�PDUNHU�DQG�
LV�RI�QR�SDUWLFXODU�LQWHUHVW�LQ�WHUPV�RI�ELRORJLFDO�RU�SK\VLFDO�
SURFHVVHV�

,Q�WKH�DEVHQFH�RI�DPPRQLWHV�DQG�RWKHU�PDULQH�LQYHU�
WHEUDWHV�LQ�JHQHUDO��VRPH�RWKHU�DJH�UHOHYDQW�FULWHULD�KDYH�WR�
EH�XVHG� WR�GDWH� WKH�0RHQDYH�)RUPDWLRQ��0DJQHWRVWUDWLJ�
UDSK\�FDQ�SURYLGH�RQH�LQGHSHQGHQW�OLQH�RI�HYLGHQFH�WR�WKH�
K\SRWKHVLV�WKDW�WKH�ORZHU�0RHQDYH�LV�7ULDVVLF�EDVHG�RQ�LWV�
LQWHUWRQJXLQJ� UHODWLRQVKLS� ZLWK� WKH� ORZHU�:LQJDWH�� 7KXV�
IDU�� KRZHYHU�� WKH� DSSOLFDWLRQ� RI� SRODULW\� VWUDWLJUDSK\� KDV�
SURYHG�DPELJXRXV�LQ�WKLV�UHJDUG�

0ROLQD�*DU]D�DQG�RWKHUV��������VKRZHG�WKDW�DW�&RPE�
5LGJH��8WDK��QRUWKHDVW�RI�.D\HQWD��$UL]RQD���WKH�ORZHU�:LQ�
JDWH�)RUPDWLRQ�LV�RI�GRPLQDQWO\�UHYHUVH�SRODULW\�ZKHUHDV�
WKH� XSSHU� SDUW� RI� WKH� IRUPDWLRQ� LV� GRPLQDQWO\� RI� QRUPDO�
SRODULW\��7KH\�DOVR�VKRZHG�WKDW�WKH�0RHQDYH�)RUPDWLRQ�DW�
(FKR�&OLIIV� QHDU�0RHQDYH��$UL]RQD�� LV� SUHGRPLQDWHO\� RI�
QRUPDO�SRODULW\��6WUDQJHO\��0ROLQD�*DU]D�DQG�RWKHUV��������
VXSSRUWHG�WKH�K\SRWKHVLV�WKDW�WKH�:LQJDWH�LV�HTXLYDOHQW�WR�
WKH�0RHQDYH�DQG�LQWHUWRQJXHV�ZLWK�LW��DOWKRXJK�WKHLU�SDOH�
RPDJQHWLF� GDWD� LQGLFDWH� WKDW� WKH� ORZHU�:LQJDWH� DW�&RPE�
5LGJH�LV�QRW�WKH�VDPH�DJH�DV�WKH�0RHQDYH�LQ�WKH�(FKR�&OLIIV�
DUHD��7KH� HTXLYDOHQFH� RI� WKH�0RHQDYH� DQG�:LQJDWH�)RU�
PDWLRQV�XQGHUSLQV�/XFDV�DQG�7DQQHU¶V� �������FRQFHSW�RI�
WKH�³'LQRVDXU�&DQ\RQ�$VVHPEODJH�´�ZKLFK� WKH\�SODFH� LQ�
WKH�ODWWHU�SDUW�RI�WKH�$SDFKHDQ�/DQG�9HUWHEUDWH�³)DXQDFK�
URQ´� �/XFDV� DQG�RWKHUV�� �������7KHUHIRUH�� WKH� FRQFHSW� RI�
WKH�³'LQRVDXU�&DQ\RQ�$VVHPEODJH´�DV�RXWOLQHG�E\�/XFDV�
DQG�7DQQHU��������DQG�/XFDV�DQG�RWKHUV��������PD\�EH�D�
FKLPHUD� RI� GLDFKURQRXV� IRVVLO� DVVHPEODJHV�� 7KLV� FDQ� EH�
WHVWHG�E\�SDOHRPDJQHWLF�VWXGLHV�RI�WKH�VHFWLRQV�FRQWDLQLQJ�
WKH�7ULDVVLF�DVSHFW�IRVVLOV�

'RQRKRR�+XUOH\�DQG�RWKHUV��������SURYLGHG�SRODULW\�
GDWD�IURP�IRXU�DGGLWLRQDO�VHFWLRQV�LQ�ZHVWHUQ�$UL]RQD�DQG�
8WDK�� DOO�RI�ZKLFK�DUH�EURDGO\�FRPSDWLEOH�ZLWK� WKH�(FKR�
&OLIIV�GDWD�RI�0ROLQD�*DU]D�DQG�RWKHUV��������LQ�EHLQJ�SUH�
GRPLQDWHO\�RI�QRUPDO�SRODULW\��+RZHYHU��LQ�DV�PXFK�DV�WKH�
+HWWDQJLDQ�LV�FOHDUO\�GRPLQDWHG�E\�QRUPDO�SRODULW\��<DQJ�
DQG� RWKHUV�� ������+RXQVORZ� DQG� RWKHUV�� ������.HQW� DQG�
2OVHQ���������������UHYHUVH�SRODULW\�RI�WKH�ORZHU�:LQJDWH�
DW�&RPE�5LGJH�LV�VWURQJ�HYLGHQFH�WKRVH�VWUDWD�DUH�RI�7ULDV�
VLF�DJH��DQG�ZHOO�GRZQ�LQ�WKH�5KDHWLDQ�DW�WKDW��'RQRKRR�
+XUOH\�DQG�RWKHUV��������GHPRQVWUDWHG�WKH�SUHVHQFH�RI�DW�
OHDVW�WZR�WKLQ�UHYHUVH�SRODULW\�]RQHV�LQ�WKH�:KLWPRUH�3RLQW�
0HPEHU�DQG�D�VLQJOH�VLWH�WKDW�KDV�ERWK�QRUPDO�DQG�UHYHUVH�
SRODULW\�� 6RPH� RI� WKHVH� GLIIHUHQFHV� FRXOG� EH� UHODWLYH� WR�
VDPSOLQJ�GHQVLW\��7KH�FRUUHODWLRQV�RI�WKHVH�SDOHRPDJQHWLF�
VHFWLRQV�DUH�VXVSHFW�DQG�FRXOG�UHVXOW�LQ�WKH�DJH�RI�WKH�:KLW�
PRUH�3RLQW�UDQJLQJ�IURP�HDUOLHVW�+HWWDQJLDQ�WR�6LQHPXULDQ�
�0LOQHU�DQG�RWKHUV���������7KHUHIRUH��IXUWKHU�SDOHRPDJQHW�
LF�VDPSOLQJ�LQ�UHODWLRQ�WR�PRUH�GHWDLOHG�VWUDWLJUDSKLF�UHVR�
OXWLRQ�LV�DGYLVDEOH��,GHDOO\��WKHVH�SDOHRPDJQHWLF�GDWD�ZRXOG�
EH�FDOLEUDWHG�ZLWK�UDGLRPHWULF�GDWHV�

1R�WHWUDSRG�WD[D��QHLWKHU�VNHOHWDO�UHPDLQV�QRU�WUDFNV��
DUH�NQRZQ�H[FOXVLYHO\�IURP�7ULDVVLF�DJH�VWUDWD�LQ�WKH�0RH�

QDYH��,QVWHDG��DOO�RI�WKH�WHWUDSRG�GDWD�DUH�VR�IDU�FRQVLVWHQW�
ZLWK�EHLQJ�SRVW�(7(��ZKLFK�FRXOG�EH�YHU\�ODWHVW�7ULDVVLF�RU�
(DUO\�-XUDVVLF�

/DUJH��!���FP��WUDFNV�DVVLJQHG�WR�WKHURSRGV�DQG�LQ�
GLVWLQJXLVKDEOH� IURP� (XEURQWHV� JLJDQWHXV� DUH� SUHVHQW� LQ�
WKH�XSSHU�'LQRVDXU�&DQ\RQ�0HPEHU�DQG�:KLWPRUH�3RLQW�
0HPEHU��0LOQHU�DQG�RWKHUV������D���������6XFK�IRRWSULQWV�
DUH�NQRZQ�RQO\�IURP�SRVW�(7(�VWUDWD�JOREDOO\��2OVHQ�DQG�
RWKHUV�� ������� LQFOXGLQJ� VWUDWD� RI� YHU\� ODWHVW�7ULDVVLF� DJH�
�FRQWUD�/XFDV�DQG�7DQQHU���������(XEURQWHV�ZDV�UHFHQWO\�
UHFRJQL]HG�HYHQ�ORZHU�LQ�WKH�'LQRVDXU�&DQ\RQ�VHFWLRQ�DW�
WKH�2OVHQ�&DQ\RQ�7UDFNVLWH�LQ�:DUQHU�9DOOH\��0LOQHU�DQG�
RWKHUV��������ZLWK�WKH�RUQLWKLVFKLDQ�WUDFN�$QRPRHSXV�DQG�
DEXQGDQW�FURFRG\ORPRUSK�WUDFN�%DWUDFKRSXV��¿JXUH���$���
$QRPRHSXV�LV�WKXV�IDU�NQRZQ�H[FOXVLYHO\�IURP�SRVW�(7(��
-XUDVVLF� DJH� VWUDWD�� HYHQ� DV� QRZ� GH¿QHG� E\� WKH�$XVWULDQ�
*663��/RFNOH\�DQG�+XQW��������������2OVHQ�DQG�*DOWRQ��

)LJXUH������2WKHU�LPSRUWDQW�0RHQDYH�)RUPDWLRQ�VLWHV��$��2OVHQ�
&DQ\RQ� 7UDFNVLWH� LQ�:DUQHU� 9DOOH\�ZKHUH� VRXWKZHVWHUQ�8WDK¶V�
ORZHVW� RFFXUUHQFH� RI� WKH� LFKQRIRVVLOV� (XEURQWHV�� $QRPRHSXV��
DQG�%DWUDFKRSXV�ZHUH�IRXQG�DW�WKH�EDVH�RI�WKH�XSSHU�VDQGVWRQH�
LQWHUYDO�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�DV�LQGLFDWHG�E\�\HOORZ�
DUURZ��5HG�DUURZ�LQGLFDWHV�SRVLWLRQ�RI�XSSHU�FRQWDFW�RI�WKH�'LQR�
VDXU�&DQ\RQ�0HPEHU�ZLWK�:KLWPRUH�3RLQW�0HPEHU��%��0RHQDYH�
)RUPDWLRQ�HDVW�RI�.DQDE��8WDK��ZKHUH�'RZQV��������UHFRYHUHG�
SRVVLEOH� 7ULDVVLF� SDO\QRPRUSKV� IURP� EOXH�PXGVWRQH� LQWHUYDO� LQ�
ORZHU�VKDOH�LQWHUYDO�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�DV�LQGLFDWHG�
E\�\HOORZ�ER[��1RWH�'RZQV�LQFOXGHG�6SULQJGDOH�6DQGVWRQH�LQ�WKH�
0RHQDYH�)RUPDWLRQ��IURP�'RZQV��������
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

������2OVHQ�DQG�5DLQIRUWK��������/XFDV�DQG�7DQQHU��������
/XFDV� ������ ������� $GGLWLRQDOO\�� %DWUDFKRSXV� KDG� DOVR�
EHHQ� FRQVLGHUHG� WR� EH� DQ� LQGH[� WUDFH� IRVVLO� IRU� WKH� EDVDO�
-XUDVVLF��2OVHQ�DQG�3DGLDQ���������DOWKRXJK�VXEVHTXHQWO\�
WKH�JHQXV�KDV�EHHQ�IRXQG�LQ�SUH�(7(�VWUDWD�LQ�HDVWHUQ�1RUWK�
$PHULFD� �2OVHQ�DQG�RWKHUV�� �������7KXV�� WKUHH� LFKQRWD[D�
UHVWULFWHG�WR�WKH�SRVW�(7(�DUH�SUHVHQW�LQ�WKH�PLGGOH�RI�WKH�
'LQRVDXU�&DQ\RQ�0HPEHU��2OVHQ�DQG�RWKHUV��������

,W� KDV�EHHQ�JHQHUDOO\� DFFHSWHG� WKDW� WKH�EDVDO� FURFR�
G\ORPRUSK�3URWRVXFKXV� ULFKDUGVRQL� �&ROEHUW� DQG�0RRN��
������IURP�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�RI�QRUWK�FHQWUDO�
$UL]RQD�LV�HDUOLHVW�+HWWDQJLDQ�LQ�DJH��&ODUN�DQG�)DVWRYVN\��
������ 6KXELQ� DQG� RWKHUV�� ������ 6XHV� DQG� RWKHUV�� ������
*RZ�� ������ /XFDV� DQG�+HFNHUW�� ������ /XFDV�� ������ /X�
FDV� DQG�RWKHUV�� �������+RZHYHU�� SURWRVXFKLGV� DUH� NQRZQ�
IURP� SUHVXPSWLYH� 7ULDVVLF� VWUDWD� HOVHZKHUH� �%RQDSDUWH��
������2OVHQ� DQG�RWKHUV�� ������$UFXFFL� DQG�RWKHUV�� ������
6DQWL�0DOQLV�DQG�RWKHUV���������)LQDOO\��EDVHG�RQ�WKH�FRU�
UHODWLRQ� LQ�:KLWHVLGH� DQG�RWKHUV� ������� ������� WKH� VWUDWD�
SURGXFLQJ�3URWRVXFKXV�PLFPDF��6XHV�DQG�RWKHUV��������LQ�
1RYD�6FRWLD� DUH� SRVW�LQLWLDO�(7(�� EXW� VWLOO� ODWHVW�7ULDVVLF�
LQ�DJH��7KXV��WKH�SUHVHQFH�RI�3URWRVXFKXV�LV�XQLQIRUPDWLYH�
RWKHU�WKDQ�LQGLFDWLQJ�D�/DWH�7ULDVVLF�WR�(DUO\�-XUDVVLF�DJH��
7KLV�DOVR�PHDQV�WKDW�WKH�HQG�RI�WKH�$SDFKHDQ�ODQG�YHUWH�
EUDWH�³IDXQDFKURQ´�DQG�WKH�EHJLQQLQJ�RI�WKH�:DVRQLDQ�ODQG�
YHUWHEUDWH� ³IDXQDFKURQ�´� GH¿QHG� E\� WKH� ¿UVW� DSSHDUDQFH�
RI�3URWRVXFKXV��/XFDV�DQG�7DQQHU���������LV�SUREDEO\�ODW�
HVW�7ULDVVLF�LQ�DJH�UDWKHU�WKDQ�DSSUR[LPDWLQJ�WKH�7ULDVVLF�
-XUDVVLF�ERXQGDU\��FRQWUD�/XFDV�DQG�7DQQHU��������

7KH� GLVWULEXWLRQ� RI� FRQFKRVWUDFDQV� �/XFDV� DQG�0LO�
QHU�� ������ .R]XU� DQG� :HHPV�� ������ /XFDV� DQG� RWKHUV��
������KDV�EHHQ�LQWHUSUHWHG�WR�VKRZ�WKDW� WKH�ORZHU�SDUW�RI�
WKH�:KLWPRUH�3RLQW�0HPEHU� LV�5KDHWLDQ� UDWKHU� WKDQ�HDU�
O\�+HWWDQJLDQ� LQ� DJH�� EDVHG�RQ� WKH� H[FOXVLYH�SUHVHQFH�RI�
(XHVWKHULD�EURGLHDQD��.R]XU�DQG�:HHPV��������UHSRUWHG�
WKDW�WKH�WXUQRYHU�LQ�FRQFKRVWUDFDQ�IDXQDV�WKURXJK�WKH�5KD�
HWLDQ�+HWWDQJLDQ�ERXQGDU\�LV�JUDGXDO��ZKHUH�WKH�PRQRVSH�
FL¿F� IDXQD� RI�(XHVWKHULD� EURGLHDQD� �-RQHV�� LQ� WKH� ODWHVW��
SRVW�(7(�5KDHWLDQ�LV�IROORZHG�E\�D�EDVDO�+HWWDQJLDQ�IDXQD�
VWLOO� GRPLQDWHG� E\�(�� EURGLHDQD�� EXW� LQFOXGLQJ�%XOELOLP�
QDGLD�NLOOLDQRUXP�.R]XU��:HHPV�DQG�/XFDV��������LQ�.R�
]XU�DQG�:HHPV���������7KLV�SURSRVHG�+HWWDQJLDQ�SDLULQJ�
RI� FRQFKRVWUDFDQV�ZDV� UHSRUWHG� IURP�QHDU� WKH� WRS� RI� WKH�
:KLWPRUH� 3RLQW�0HPEHU� �/XFDV� DQG� RWKHUV�� ������� ERWK�
DW�6*'6�DQG�LQ�WKH�:KLWPRUH�3RLQW�DUHD��7KHUHIRUH��ZHUH�
WKHVH�LQWHUSUHWDWLRQV�FRUUHFW��WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�
ZRXOG�EH� LQ� WKH�:KLWPRUH�3RLQW�0HPEHU� DQG�ZRXOG�QRW�
FKDQJH�WKH�LQWHUSUHWDWLRQ�WKDW�PRVW��LI�QRW�DOO��RI�WKH�0RH�
QDYH�)RUPDWLRQ�SRVWGDWHV�WKH�(7(�

,W�KDV�ORQJ�EHHQ�UHFRJQL]HG�WKDW�WKH�SDO\QRPRUSKV�RI�
WKH�0RHQDYH�DUH�RYHUZKHOPLQJO\�GRPLQDWHG�E\�&ODVVRSRO�
OLV�VSS���DQG�WKH�DSSDUHQW�DEVHQFH�RI�WD[D�UHVWULFWHG�WR�WKH�
/DWH�7ULDVVLF�OHG�WR�WKH�FRQFOXVLRQ�WKDW�WKH�0RHQDYH�LV�(DU�
O\�-XUDVVLF�LQ�DJH��2OVHQ�DQG�*DOWRQ��������/LWZLQ���������
ZLWK�PRUH� UHFHQW� VXJJHVWLRQV��KRZHYHU�� WKDW� WKH�7ULDVVLF�

-XUDVVLF� ERXQGDU\� OLHV� ZLWKLQ� WKH� IRUPDWLRQ� �&RUQHW� DQG�
:DDQGHUV�� ������.�UVFKQHU� DQG�%DWHQEXUJ� LQ�/XFDV� DQG�
RWKHUV���������$JDLQ��ZKHUH�WKH�FXUUHQWO\�DFFHSWHG�7ULDVVLF�
-XUDVVLF�ERXQGDU\�OLHV�KDV�OLWWOH�EHDULQJ�RQ�WKH�JUHDW�H[WLQF�
WLRQ�HYHQW�SUHFHGLQJ�LW��ZKLFK�ZDV�SUHYLRXVO\�WKH�UHOHYDQW��
DQG�VWLOO�LV�WKH�PRUH�LQWHUHVWLQJ�GDWXP�

5HFHQWO\��'RZQV� �������GHVFULEHG�SDO\QRPRUSK�DV�
VHPEODJHV� IURP� WKH� ORZHU� 'LQRVDXU� &DQ\RQ�0HPEHU� RI�
WKH�0RHQDYH�)RUPDWLRQ�RQ� WKH�HDVW�VLGH�RI�.DQDE��8WDK��
�¿JXUH���%��DQG�FRQFOXGHG�WKDW�WKHUH�ZHUH�H[DPSOHV�RI�WKH�
RWKHUZLVH�SUH�(7(�3DWLQDVSRULWHV�DQG�9DOODVSRULWHV� IURP�
WKH�ORZHU�KDOI�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU��+RZHYHU��
EDVHG� RQ� WKH� SKRWRJUDSKV�� WKH� SXUSRUWHG�� H[WUHPHO\� UDUH�
3DWLQDVSRULWHV� DUH� SRRUO\� SUHVHUYHG� DQG� DUH� VXVSHFW� �DV�
LQWHUSUHWHG�E\�2OVHQ��LQ�0LOQHU�DQG�RWKHUV���������8QIRU�
WXQDWHO\��9DOODVSRULWHV�ZDV�QRW�LOOXVWUDWHG��7KLV�YHU\�LPSRU�
WDQW�RFFXUUHQFH�QHHGV�IXUWKHU� LQYHVWLJDWLRQ��:KLOH�&RUQHW�
DQG�:DDQGHU¶V� ������� SDO\QRPRUSK� VDPSOHV� ZHUH� IURP�
WKH� ORZHU�:KLWPRUH�3RLQW��/LWZLQ¶V� ������� SDO\QRPRUSK�
VDPSOH�ZDV� IURP� DQ� XQVSHFL¿HG� VWUDWLJUDSKLF� SRVLWLRQ� LQ�
WKH�'LQRVDXU�&DQ\RQ�QHDU�/HHGV��8WDK�� ,I� QRW� UHZRUNHG��
'RZQV¶��������LGHQWL¿FDWLRQV�ZRXOG�VXJJHVW�WKDW�WKH�(7(�
OLHV�ZLWKLQ�WKH�'LQRVDXU�&DQ\RQ�0HPEHU��$GGLWLRQDO�SDO\�
QRORJLFDO�UHVHDUFK�RQ�WKHVH�VWUDWD�LV�FHUWDLQO\�FDOOHG�IRU�

:LWKLQ� WKLV� FRQWH[W�� WKH� VSHFL¿F� YLHZV� RI� VRPH� UH�
VHDUFKHUV�� EDVHG� RQ�PDJQHWRVWUDWLJUDSK\�� ELRVWUDWLJUDSK\��
DQG�SDO\QRORJ\��WKDW�WKH�HQWLUH�'LQRVDXU�&DQ\RQ�0HPEHU�
DQG� ORZHU�SRUWLRQ�RI� WKH�:KLWPRUH�3RLQW�0HPEHU�RI� WKH�
0RHQDYH�)RUPDWLRQ� DUH�/DWH�7ULDVVLF� LQ� DJH�� UDWKHU� WKDQ�
(DUO\� -XUDVVLF� DJH�� FDQ� EH� H[DPLQHG� �'RQRKRR�+XUOH\�
DQG� RWKHUV�� ������ .R]XU� DQG� :HHPV�� ������ /XFDV� DQG�
RWKHUV�� �������'RQRKRR�+XUOH\� DQG� RWKHUV� ������� SODFHG�
WKH� 7ULDVVLF�-XUDVVLF� ERXQGDU\� EDVHG� RQ� WKHLU� PDJQHWR�
VWUDWLJUDSKLF�LQWHUSUHWDWLRQV�DSSUR[LPDWHO\���WR����PHWHUV�
����±�����IW��DERYH�WKH�'LQRVDXU�&DQ\RQ�:KLWPRUH�3RLQW�
FRQWDFW�ZLWKLQ�WKH�:KLWPRUH�3RLQW�0HPEHU��+RZHYHU��WKH�
ELRVWUDWLJUDSKLF�DQG�PDJQHWRVWUDWLJUDSKLF�OHYHOV�LQ�HDVWHUQ�
1RUWK�$PHULFD�DQG�(QJODQG�WR�ZKLFK�WKH\�UHIHU�OLH�ZLWKLQ�
WKH�ODWHVW�5KDHWLDQ�

7KH�FRPSOHWH�DEVHQFH�RI�FKDUDFWHULVWLF�/DWH�7ULDVVLF�
WUDFNV�� VXFK� DV� %UDFK\FKLURWKHULXP�� $SDWRSXV�� $WUHLSXV��
(YR]RXP��DQG�*Z\QHGGLFKQLXP��DQ\ZKHUH�LQ�WKH�0RHQDYH�
)RUPDWLRQ��VR�FRPPRQ�LQ�WKH�5KDHWLDQ�&KXUFK�5RFN�5RFN�
3RLQW�0HPEHUV�RI�WKH�&KLQOH�)RUPDWLRQ�DQG�ORZHU�:LQJDWH�
6DQGVWRQH��H�J���/RFNOH\�DQG�+XQW��������*DVWRQ�DQG�RWK�
HUV��������+XQW�DQG�/XFDV�������0LOQHU�DQG�RWKHUV���������
DUJXHV�WKDW�WKH�(7(�LV�QRW�UHSUHVHQWHG�LQ�WKH�IRVVLOLIHURXV�
SRUWLRQV�RI�0RHQDYH�)RUPDWLRQ��7KH�VDPH�LV� WUXH�IRU� WKH�
DEVHQFH�RI�ERG\� IRVVLOV�RI�QRQ�FURFRG\ORPRUSK�FUXURWDU�
VDQV� VXFK�DV�SK\WRVDXUV�� DHWRVDXUV�� DQG��UDXLVXFKLDQV�� LQ�
WKH�'LQRVDXU�&DQ\RQ�DQG�ORZHU�SDUW�RI�WKH�:KLWPRUH�3RLQW�
0HPEHUV��,I�WKH�(7(�LV�SUHVHUYHG�ZLWKLQ�WKH�0RHQDYH��LW�
VKRXOG�EH�LQ�WKH�ORZHU�VKDO\�SDUW�RI�WKH�'LQRVDXU�&DQ\RQ�
0HPEHU�� DQ� LQWHUYDO� WKDW� WKXV� IDU�KDV�SURGXFHG�QR�YHUWH�
EUDWH�IRVVLOV�RI�DQ\�VRUW��¿JXUH�����



0
DF
/H
DQ
��-
�6
���
%
LH
N�
�5
�)
���
DQ
G�
+
XQ
WR
RQ
��-
�(
���
HG
LWR
UV

7+(�:+,7025(�32,17�0(0%(5�2)�7+(�02(1$9(�)250$7,21�,1�,76�7<3(�$5($�,1�1257+(51�$5,=21$�$1'�,76�$*(�$1'�&255(/$7,21�:,7+�7+(�6(&7,21�,1
67��*(25*(��87$+��(9,'(1&(�)25�7:2�0$-25�/$&8675,1(�6(48(1&(6�±�.LUNODQG��-�,���0LOQHU��$�5�&���2OVHQ��3�(���DQG�+DUJUDYH��-�(��V

��
�

)LJXUH������6\QWKHWLF�VHFWLRQ�RI�0RHQDYH�)RUPDWLRQ�LQ�:DVKLQJWRQ�&RXQW\��8WDK��-���DQG�-��
�DUH�SRVLWLRQV�RI�UHJLRQDO�XQFRQIRUPLWLHV��&RPSRVLWH�SDOHRPDJQHWLF�K\SRWKHVLV�IURP�
'RQRKRR�+XUOH\�DQG�RWKHUV��������DGMXVWHG�WR�UHÀHFW�FRUUHODWLRQV�SURSRVHG�KHUHLQ��3ORWV�RI�VLJQL¿FDQW�DJH�GLDJQRVWLF�GDWD�DQG�SRVVLEOH�SRVLWLRQV�RI�(QG�7ULDVVLF�([WLQFWLRQ��(7(��DQG�
WKH�FXUUHQWO\�GH¿QHG�7ULDVVLF�-XUDVVLF�ERXQGDU\�



7
+
(
�:

+
,7
0
2
5
(
�3
2
,1
7
�0

(
0
%
(
5
�2
)�
7
+
(
�0

2
(
1
$
9
(
�)
2
5
0
$
7
,2
1
�,
1
�,
7
6�
7
<
3(

�$
5
(
$
�,
1
�1
2
5
7
+
(
5
1
�$
5
,=
2
1
$
�$
1
'
�,
7
6�
$
*
(
�$
1
'
�&
2
5
5
(
/
$
7
,2
1
�:

,7
+
�7
+
(
�6
(
&
7
,2
1
�,
1

67
��*

(
2
5
*
(
��8

7$
+
��(

9
,'
(
1
&
(
�)
2
5
�7
:
2
�0

$
-2
5
�/
$
&
8
67

5
,1
(
�6
(
4
8
(
1
&
(
6�
±�
.
LU
NO
DQ
G�
�-
�,�
��0
LOQ
HU
��$
�5
�&
���
2
OV
HQ
��3
�(
���
DQ
G�
+
DU
JU
DY
H�
�-
�(
�

8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

7KH�SRVLWLRQ�RI�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�LV�GLV�
WLQFW�IURP�DQG�IDU�OHVV�LQWHUHVWLQJ�WKDQ�WKH�(7(�SDOHRELR�
ORJLFDO� HYHQW��$YDLODEOH� HYLGHQFH� VXJJHVWV� WKDW� WKH�*663�
ERXQGDU\�FRXOG�OLH�ZLWKLQ�WKH�0RHQDYH�)RUPDWLRQ��VRPH�
ZKHUH�EHWZHHQ�WKH�XSSHU�'LQRVDXU�&DQ\RQ�0HPEHU�DQG�WKH�
XSSHU�:KLWPRUH�3RLQW�0HPEHU��ZKHUHDV�WKH�(7(�SUREDEO\�
GRHV�QRW�RFFXU�KLJKHU�WKDQ�WKH�ORZHU�SDUW�RI�WKH�'LQRVDXU�
&DQ\RQ�0HPEHU��&OHDUO\�WKLV�PDWWHU�LV�IDU�IURP�UHVROYHG��
EXW�ZH�EHOLHYH�WKDW�QRUWKZHVWHUQ�$UL]RQD�DQG�VRXWKZHVWHUQ�
8WDK�DUH�VORZO\�\LHOGLQJ�HYLGHQFH�DV�WR�ZKHUH�WKH�7ULDVVLF�
-XUDVVLF�ERXQGDU\�DQG�WKH�(7(�VKRXOG�EH�UHFRJQL]HG��DQG�
WKDW�FRQWLQXHG�UHVHDUFK�LQ�WKH�UHJLRQ�VKDOO�SURYLGH�LPSRU�
WDQW�GDWD�SHUWDLQLQJ�WR�WKLV�LQWHUHVWLQJ�WLPH�LQWHUYDO�

&21&/86,216

&RUUHODWLRQ� RI� WKH� XSSHU�'LQRVDXU�&DQ\RQ�0HPEHU�
DQG�:KLWPRUH�3RLQW�0HPEHU�RI� WKH�0RHQDYH�)RUPDWLRQ�
EHWZHHQ� WKH�6W��*HRUJH��8WDK��DUHD�DQG�3RWWHU�&DQ\RQ� LQ�
WKH�9HUPLOOLRQ�&OLIIV�RI�QRUWKHUQ�$UL]RQD�LQGLFDWHV�WKDW�WZR�
PDMRU� ODNH� F\FOHV� DUH� SUHVHUYHG� LQ� WKH� XSSHU� KDOI� RI� WKH�
0RHQDYH�)RUPDWLRQ�RQ� WKH�ZHVWHUQ� VLGH�RI� WKH�&RORUDGR�
3ODWHDX��7KH� ORZHU� ODNH�F\FOH� LV�GH¿QHG�DV� LQFOXGLQJ� WKH�
XSSHU�SRUWLRQ�RI�WKH�'LQRVDXU�&DQ\RQ�0HPEHU�DV�D�XQLW�RI�
VKDOORZ�PDUJLQDO�ULSSOH�FURVV�EHGGHG�DQG�ULSSOH�ODPLQDWHG�
VDQGVWRQHV� HPSODFHG� E\� D�ZDYH�GRPLQDWHG� FRDVWDO� HQYL�
URQPHQW��7KHVH�VDQGVWRQHV�DQG�DVVRFLDWHG�URFNV�DUH�RYHU�
ODLQ�E\�VKDOHV�DQG�PRUH�RIIVKRUH�VDQGVWRQH�EHGV�SUHVHUYLQJ�
DQ� DEXQGDQFH� RI� RVWUDFRGV�� FRQFKRVWUDFDQV�� DQG� WKH� ¿UVW�
FRPPRQ�¿VK�UHPDLQV��7KLQ�PLFDFHRXV�VDQGVWRQH�EHGV�DQG�
ODPLQDH�DUH�DOVR�FKDUDFWHULVWLF�

$Q� LQWHUYDO� RI� GRZQ�FXWWLQJ� DQG� FKDQQHOL]DWLRQ� UH�
ÀHFWV�WKH�ERXQGDU\�EHWZHHQ�WKH�ORZHU�DQG�XSSHU�ODNH�LQWHU�
YDOV�DW�3RWWHU�&DQ\RQ��+RZHYHU��DQ�LQFUHDVH�LQ�WKH�DPRXQW�
RI� VDQGVWRQH� UHZRUNHG� E\�ZDYH�GRPLQDWHG� FRDVWDO� SURF�
HVVHV�LQGLFDWHV�D�JUHDWHU�UHVWULFWLRQ�RI�GLPHQVLRQV�RI�/DNH�
'L[LH� ZLWKRXW� FRQYLQFLQJ� HYLGHQFH� RI� VHGLPHQW� E\SDVV��
7KH�PLGGOH�VDQGVWRQH�XQLW�UHÀHFWV�WKH�H[SDQVLRQ�RI�WKHVH�
HQYLURQPHQWV�ZHOO�RXW� DFURVV� WKH�EDVLQ��ZKLOH�SUHVHUYLQJ�
DQ�DEXQGDQFH�RI�IRVVLO�¿VKHV�UHFUXLWHG�IURP�QHDUE\�DUHDV�
GXULQJ� SHULRGLF� ODNH� KLJKVWDQGV�� 7KH� JUHDWHVW� ODWHUDO� H[�
WHQW�RI�ODFXVWULQH�LQWHUYDO�LV�SUHVHUYHG�E\�WKH�SDOH�UHG�DQG�
SXUSOLVK�UHG��SODW\��GRORPLWLF�VKDOHV�RI�WKH�XSSHU�VKDOH�LQ�
WHUYDO��7KH� UHODWLYHO\� UHVLVWDQW�QDWXUH�RI� WKH�EHGV�DQG� WKH�
UHG�FRORUHG� FRQFUHWLRQ� FRDWLQJ� IRVVLO� ¿VK� PDWHULDO� PDNH�
WKLV�LQWHUYDO�D�KDOOPDUN�IRU�LGHQWLI\LQJ�WKH�:KLWPRUH�3RLQW�
0HPEHU�HYHQ�ZKHUH�SRRUO\�H[SRVHG�EHORZ�WKH�6SULQJGDOH�
6DQGVWRQH�0HPEHU��7KHVH�ODFXVWULQH�XQLWV�PD\�EH�RYHUODLQ�
E\�¿QH��WR�PHGLXP�JUDLQHG��ULSSOH�EHGGHG�VDQGVWRQHV�GH�
SRVLWHG�DV�/DNH�'L[LH�FRQWUDFWHG��RU�PD\�EH�GLUHFWO\�RYHU�
ODLQ� E\� FRQJORPHUDWLF� WURXJK�FURVV�EHGGHG� VDQGVWRQHV� RI�
WKH�6SULQJGDOH�6DQGVWRQH�0HPEHU�RI�WKH�.D\HQWD�)RUPD�
WLRQ��GHSHQGLQJ�RQ�WKH�DPRXQW�RI�GRZQ�FXWWLQJ�DORQJ�WKH�
-��
�XQFRQIRUPLW\�

$OWKRXJK�LW�PLJKW�EH� WHPSWLQJ�WR�GHVFULEH� WKHVH�F\�

FOHV�IRUPDOO\��DV�KDV�EHHQ�GRQH�IRU�RWKHU�IRUPDWLRQV�KDYLQJ�
PDMRU�ODNH�F\FOHV�VXFK�DV�WKH�%RQQHYLOOH�EDVLQ�RI�ZHVWHUQ�
8WDK��0RUULVRQ��������2YLDWW�DQG�RWKHUV���������PRUH�UH�
VHDUFK� PXVW� EH� XQGHUWDNHQ� WR� LGHQWLI\� SRWHQWLDO� ERXQG�
LQJ� GLVFRQIRUPLWLHV� UHJLRQDOO\��:KLOH� WKH� WZR� F\FOHV� DUH�
ERXQGHG�E\� GLVWLQFW� GLVFRQIRUPLWLHV� DW� 3RWWHU�&DQ\RQ�� LQ�
FRQWUDVW� WR�6*'6�� D� FOHDU� GLVFRQIRUPLW\� VHSDUDWLQJ� WKHVH�
F\FOHV�KDV�QRW�EHHQ�LGHQWL¿HG��$�VHTXHQFH�VWUDWLJUDSKLF�DS�
SURDFK�WR�WKH�FRUUHODWLRQ�RI�WKH�URFNV�IURP�RIIVKRUH�VLWHV�WR�
WKH�FRDVWOLQH�RI�/DNH�'L[LH�ZRXOG�IDFLOLWDWH�GHYHORSLQJ�D�
VWURQJHU�IUDPHZRUN�IRU�GLVFXVVLQJ�WKH�GHSRVLWLRQDO�KLVWRU\�
RI�WKH�QRUWKHDVWHUQ�PDUJLQ�RI�/DNH�'L[LH��7KH�GHYHORSPHQW�
RI�KLJK�UHVROXWLRQ�VWUDWLJUDSKLF�GDWD�IRU�WKH�RIIVKRUH�IDFLHV�
RI� /DNH� 'L[LH� ZLOO� SURYLGH� D� IUDPHZRUN� IRU� FRUUHODWLRQ�
RI� WKHVH� VWUDWD� LQWR� WKH� FRDVWDO� DQG� ÀRRGSODLQ� IDFLHV� EHW�
WHU� SUHVHUYHG� SURJUHVVLYHO\� WR� WKH� QRUWKHDVW��PXFK� LQ� WKH�
VDPH�ZD\� WKDW� WKH� GHWDLOHG� IUDPHZRUN� GHYHORSHG�ZLWKLQ�
WKH� FHQWUDO�:HVWHUQ� ,QWHULRU�&UHWDFHRXV� 6HDZD\� �&REEDQ�
DQG�6FRWW��������+DWWLQ��������(OGHU�DQG�.LUNODQG��������
SURYLGHG� WKH� IUDPHZRUN� IRU� H[WHQGLQJ�RXU� XQGHUVWDQGLQJ�
RI�WKHVH�F\FOLF�PDULQH�VWUDWD�LQWR�SURJUHVVLYHO\�PRUH�VKDO�
ORZ�PDULQH�VWUDWD� WR� WKH�ZHVW� � �.LUNODQG��������/HLWKROG��
������/HFNLH�DQG�RWKHUV��������DQG�HYHQWXDOO\�RQVKRUH�LQWR�
WKH�IXOO\�WHUUHVWULDO�IDFLHV�RI�VRXWKZHVWHUQ�8WDK��(OGHU�DQG�
RWKHUV��������(DWRQ�DQG�RWKHUV��������8OLFQ\��������/DXULQ�
DQG�6DJHPDQ��������7LEHUW�DQG�RWKHUV��������

:KHUHDV� WKH� 7ULDVVLF�-XUDVVLF� VWDJH� ERXQGDU\� PD\�
EH�SUHVHUYHG�ZLWKLQ�WKH�:KLWPRUH�3RLQW�0HPEHU��WKH�(7(�
HYHQW�PD\�EH�QRW�EH�SUHVHUYHG�LQ�WKH�0RHQDYH�)RUPDWLRQ�
DW� DOO�� +RZHYHU�� EDVHG� RQ� SDO\QRORJLFDO� GDWD� DORQH�� WKH�
SURVSHFW�WKDW�WKH�(7(�PD\�EH�SUHVHUYHG�LQ�WKH�ORZHU�SDUW�RI�
WKH�'LQRVDXU�&DQ\RQ�0HPEHU�FDQQRW�EH�GLVFRXQWHG��)XU�
WKHU�UHVHDUFK�RQ�WKH�ORZHU�VKDOH�LQWHUYDO�DW�WKH�EDVH�RI�WKH�
0RHQDYH�)RUPDWLRQ�LV�UHTXLUHG�WR�UHVROYH�WKLV�GHEDWH�

,W� LV�KRSHG�WKDW� WKH�VWUDWLJUDSKLF�GDWD�SUHVHQWHG�KHUH�
SURYLGH� D� EDVLV� IRU�PRUH� GHWDLOHG� VWXG\� RI� WKH�0RHQDYH�
)RUPDWLRQ�DORQJ�WKH�ZHVWHUQ�8WDK�$UL]RQD�ERUGHUODQG�DQG�
GLUHFW�IXUWKHU�DWWHQWLRQ�WR�WKH�LQWHUHVWLQJ�ODFXVWULQH�XQLWV�RI�
WKH�:KLWPRUH�3RLQW�0HPEHU�WKDW�GH¿QH�/DNH�'L[LH�

�$&.12:/('*0(176

:H�WKDQN�WKH�%XUHDX�RI�/DQG�0DQDJHPHQW��=LRQ�1D�
WLRQDO�3DUN��6FKRRO�DQG� ,QVWLWXWLRQDO�7UXVW�/DQGV�$GPLQ�
LVWUDWLRQ��8WDK�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��:DVKLQJWRQ�
&RXQW\��DQG�WKH�&LW\�RI�6W��*HRUJH�IRU�JUDQWLQJ�XV�SHUPLV�
VLRQ� WR�FRQGXFW� UHVHDUFK�RQ� WKHLU� ODQGV��'DYH�6KDUURZ� LV�
WKDQNHG�IRU�¿JXUH���%��5RQ�%ODNH\�LV�WKDQNHG�IRU�GHYHORS�
LQJ�¿JXUH��$�IRU�RXU�XVH�

:H�WKDQN�WKH�'LQRVDXU$K�7RULXP�)RXQGDWLRQ�DQG�WKH�
VWDII��HVSHFLDOO\�'LUHFWRU��5XVW\�6DOPRQ��DQG�WKH�PDQ\�YRO�
XQWHHUV�DW�WKH�6W��*HRUJH�'LQRVDXU�'LVFRYHU\�6LWH�DW�-RKQ�
VRQ�)DUP�IRU�DVVLVWDQFH�ZLWK�PDQ\�DVSHFWV�RI�WKLV�SURMHFW��
QRW�RQO\�DW�WKH�6*'6��EXW�DW�RWKHU�ORFDOLWLHV�LQ�:DVKLQJWRQ�
&RXQW\�
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LUNODQG��-�,���0
LOQHU��$

�5
�&
���2

OVHQ��3�(
���DQG�+

DUJUDYH��-�(
��V

���

8WDK� )ULHQGV� RI� 3DOHRQWRORJ\� DUH� WKDQNHG� IRU� WKHLU�
KHOS�RQ�VR�PDQ\�RI�WKH�SURMHFWV�GLVFXVVHG�ZLWKLQ�WKLV�SXE�
OLFDWLRQ�

7KDQN�\RX�WR�'U��-HIIHU\�0DUW]��5REHUW�*D\��0DUWKD�
+D\GHQ��DQG�5REHUW�5HVVHWDU�IRU�UHYLHZLQJ�WKLV�SDSHU�

5()(5(1&(6

$UFXFFL��$�%���0DUVLFDQR��&�$���DQG�&DVHOOL�$�7���������7HWUD�
SRG�DVVRFLDWLRQ� DQG�SDODHRHQYLURQPHQW�RI� WKH�/RV�&ROR�
UDGRV� )RUPDWLRQ� �$UJHQWLQD�²D� VLJQL¿FDQW� VDPSOH� IURP�
:HVWHUQ�*RQGZDQD�DW�WKH�HQG�RI�WKH�7ULDVVLF��*HRELRV��Y��
����S�����±����

%LHN��5�)�������D��*HRORJLF�PDS�RI� WKH�+XUULFDQH�TXDGUDQJOH��
:DVKLQJWRQ�&RXQW\��8WDK��8WDK��*HRORJLFDO�6XUYH\�0DS�
��������S���VFDOH����������

%LHN�� 5�)��� ����E�� *HRORJLF� PDS� RI� WKH� +DUULVEXUJ� -XQFWLRQ�
TXDGUDQJOH�� :DVKLQJWRQ� &RXQW\�� 8WDK�� 8WDK� *HRORJLFDO�
6XUYH\�0DS���������S���VFDOH����������

%LHN��5�)���������*HRORJLF�PDS�RI�WKH�.RORE�$UFK�TXDGUDQJOH��
:DVKLQJWRQ�DQG�,URQ�&RXQWLHV��8WDK��8WDK�*HRORJLFDO�6XU�
YH\�0DS��������SODWHV��VFDOH����������

%LHN�� 5�)��� 5RZOH\�� 3�'��� +D\GHQ�� -�0��� +DFNHU�� '�%���:LOOLV��
*�&���+LQW]H��/�)���$QGHUVRQ��5�(���DQG�%URZQ��.�'���������
*HRORJLF�PDS�RI�WKH�6W��*HRUJH�DQG�HDVW�SDUW�RI� WKH�&OR�
YHU�0RXQWDLQV���
�[���
�TXDGUDQJOHV��:DVKLQJWRQ�DQG�,URQ�
&RXQWLHV��8WDK��8WDK�*HRORJLFDO�6XUYH\�0DS����������S�����
SODWHV��VFDOH�����������

%LHN��5�)���*�&��:LOOLV��0�'��+\OODQG��DQG�+�+��'RHOOLQJ��������
*HRORJ\� RI�=LRQ�1DWLRQDO� 3DUN��8WDK�� LQ� 6SULQNHO��'�$���
&KLGVH\��7�&���-U���DQG�$QGHUVRQ��3�%���HGLWRUV��*HRORJ\�RI�
8WDK¶V�SDUNV�DQG�PRQXPHQWV���UG�HGLWLRQ���8WDK�*HRORJLFDO�
$VVRFLDWLRQ� DQG�%U\FH�&DQ\RQ�1DWXUDO�+LVWRU\�$VVRFLD�
WLRQ�3XEOLFDWLRQ�����S����������

%ODNH\�� 5�&��� ������ 3DOHRJHRJUDSKLF� DQG� WHFWRQLF� FRQWUROV� RQ�
VRPH� /RZHU� DQG�0LGGOH� -XUDVVLF� HUJ� GHSRVLWV�� &RORUDGR�
3ODWHDX�� LQ� &DSXWR�� 0�9��� 3HWHUVRQ�� -�$��� DQG� )UDQF]\N��
.�-���HGLWRUV��0HVR]RLF�V\VWHPV�RI�WKH�5RFN\�0RXQWDLQ�UH�
JLRQ��86$��'HQYHU��&RORUDGR��5RFN\�0RXQWDLQ�6HFWLRQ�RI�
WKH�6RFLHW\�IRU�6HGLPHQWDU\�*HRORJ\��S����������

%ODNH\�� 5��� DQG�5DQQH\��:��� ������$QFLHQW� ODQGVFDSHV� RI� WKH�
&RORUDGR�3ODWHDX��*UDQG�&DQ\RQ��$UL]RQD��*UDQG�&DQ\RQ�
$VVRFLDWLRQ������S�

%RQDSDUWH�� -�)��� ������'RV� QXHYDV� IDXQDV� GH� UHSWLOHV� WULiVLFRV�
GH�$UJHQWLQD��*RQGZDQD�6WUDWLJUDSK\��,�8�*�6���&RORTXLR�
0DU�GHO�3ODWD��0DU�GHO�3ODWD�������S�����±����

&KLQ��.���.LUNODQG�� -�,���0LOQHU��$�5�&��� DQG�0LFNHOVRQ��'�/���
������'LVWLQFWLYH�DFFXPXODWLRQV�RI�IRVVLO�¿VK�GHEULV�LQ�WKH�
0RHQDYH�)RUPDWLRQ�WHOO�D�VWRU\�RI�OLIH�DQG�GHDWK�LQ�D�ELRWL�
FDOO\�SURGXFWLYH��(DUO\�-XUDVVLF�ODNH�QHDU�6W��*HRUJH��8WDK��
-RXUQDO�RI�9HUWHEUDWH�3DOHRQWRORJ\��Y������S����$�

&ODUN�� -�0��� DQG� )DVWRYVN\�� '�(��� ������ 9HUWHEUDWH� ELRVWUDWLJ�
UDSK\�RI� WKH�*OHQ�&DQ\RQ�*URXS�LQ�QRUWKHUQ�$UL]RQD�� LQ�
3DGLDQ��.���HGLWRU��7KH�EHJLQQLQJ�RI�WKH�DJH�RI�GLQRVDXUV²
IDXQDO�FKDQJH�DFURVV�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\��&DP�
EULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV���S����������

&OHPPHQVHQ��/�%���2OVHQ��+���DQG�%ODNH\��5�&���������(UJ�PDU�

JLQ�GHSRVLWV�LQ�WKH�/RZHU�-XUDVVLF�0RHQDYH�)RUPDWLRQ�DQG�
:LQJDWH�6DQGVWRQH��VRXWKHUQ�8WDK��*HRORJLFDO�6RFLHW\�RI�
$PHULFD�%XOOHWLQ��Y�������S����������

&ROEHUW��(�+���DQG�0RRN��&�&���������7KH�DQFHVWUDO�FURFRGLOLDQ�
3URWRVXFKXV��%XOOHWLQ�RI�WKH�$PHULFDQ�0XVHXP�RI�1DWXUDO�
+LVWRU\��Y������S���������

&REEDQ��:�$���DQG�6FRWW��*�5���������6WUDWLJUDSK\�DQG�DPPR�
QLWH�IDXQD�RI�WKH�*UDQHURV�6KDOH�DQG�*UHHQKRUQ�/LPHVWRQH�
QHDU�3XHEOR��&RORUDGR��8�6��*HRORJLFDO�6XUYH\�3URIHVVLRQ�
DO�3DSHU����������S�

&RUQHW��%���DQG�:DDQGHUV�*���������3DO\QRPRUSKV�LQGLFDWH�+HW�
WDQJLDQ��(DUO\�-XUDVVLF��DJH�IRU�WKH�PLGGOH�:KLWPRUH�3RLQW�
0HPEHU�RI�WKH�0RHQDYH�)RUPDWLRQ��8WDK�DQG�$UL]RQD��LQ�
+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFNOH\��0�*���
0LOQHU��$�5�&��� DQG�.LUNODQG�� -�,��� HGLWRUV�� 7KH� 7ULDVVLF�
-XUDVVLF� WHUUHVWULDO� WUDQVLWLRQ�� 1HZ� 0H[LFR� 0XVHXP� RI�
1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�����S����������

&XUWLV��.���DQG�3DGLDQ��.���������$Q�(DUO\�-XUDVVLF�PLFURYHUWH�
EUDWH� IDXQD� IURP� WKH�.D\HQWD� )RUPDWLRQ� RI� QRUWKHDVWHUQ�
$UL]RQD²PLFURIDXQDO�FKDQJH�DFURVV�WKH�7ULDVVLF�-XUDVVLF�
ERXQGDU\��3DOHR%LRV��Y������QR�����S��������

'H%OLHX[��'�'���+XQW�� -�*���.LUNODQG�� -�,���0DGVHQ��6�.��� ,QN�
HQEUDQGW��3���)HUULV�5RZOH\��'���DQG�0LOQHU��$�5�&���������
$� SDOHRQWRORJLFDO� UHVRXUFH� LQYHQWRU\� RI� %XUHDX� RI� /DQG�
0DQDJHPHQW� ZLOGHUQHVV� ODQGV� LQ� :DVKLQJWRQ� &RXQW\��
8WDK��%ULJKDP�8QLYHUVLW\�*HRORJLFDO�6WXGLHV�����S����

'H%OLHX[��'�'��� +XQW�� -�*��� .LUNODQG�� -�,��� DQG�0DGVHQ�� 6�.���
������:DVKLQJWRQ�&RXQW\�%/0�ZLOGHUQHVV�DUHDV�SDOHRQ�
WRORJLFDO� VXUYH\�� XQSXEOLVKHG� UHSRUW� WR� %XUHDX� RI� /DQG�
0DQDJHPHQW�����S�

'H%OLHX[�� '�'��� .LUNODQG�� -�,��� 6PLWK�� -�$��� 0F*XLUH�� -��� DQG�
6DQWXFFL��9�/���������$Q�RYHUYLHZ�RI�WKH�SDOHRQWRORJ\�RI�
8SSHU�7ULDVVLF�DQG�/RZHU�-XUDVVLF�URFNV�LQ�=LRQ�1DWLRQDO�
3DUN��8WDK�� LQ�+DUULV�� -�'���/XFDV��6�*���6SLHOPDQQ�� -�$���
/RFNOH\��0�*���0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��
7KH� 7ULDVVLF�-XUDVVLF� WHUUHVWULDO� WUDQVLWLRQ�� 1HZ� 0H[LFR�
0XVHXP� RI� 1DWXUDO� +LVWRU\� DQG� 6FLHQFH� %XOOHWLQ� ���� S��
��������

'H%OLHX[��'�'���6PLWK��-�$���0F*XLUH��-�/���.LUNODQG��-�,���DQG�
6DQWXFFL��9�/��� ������ =LRQ�1DWLRQDO� 3DUN� SDOHRQWRORJLFDO�
VXUYH\��6DOW�/DNH�&LW\��XQSXEOLVKHG�UHSRUW�WR�1DWLRQDO�3DUN�
6HUYLFH�����S�

'RQRKRR�+XUOH\��/�/���*HLVVPDQ� -�:��� DQG�/XFDV�� 6�*��� ������
0DJQHWRVWUDWLJUDSK\� RI� WKH� XSSHUPRVW� 7ULDVVLF� DQG� ORZ�
HUPRVW� -XUDVVLF� 0RHQDYH� )RUPDWLRQ�� ZHVWHUQ� 8QLWHG�
6WDWHV²FRUUHODWLRQ� ZLWK� VWUDWD� LQ� WKH� 8QLWHG� .LQJGRP��
0RURFFR��7XUNH\��,WDO\��DQG�HDVWHUQ�8QLWHG�6WDWHV��*HRORJL�
FDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ������S������������

'RZQV��'�7��� ������ ,Q� VHDUFK� RI� WKH�7ULDVVLF�-XUDVVLF� ERXQGD�
U\²SDO\QRVWUDWLJUDSK\�DQG�FDUERQ�LVRWRSH�VWUDWLJUDSK\�RI�
WKH�ORZHU�'LQRVDXU�&DQ\RQ�0HPEHU�RQ�WKH�&RORUDGR�3OD�
WHDX��.DQDE��8WDK���&DUERQGDOH��,OOLQRLV��6RXWKHUQ�,OOLQRLV�
8QLYHUVLW\��0�6��WKHVLV������S�

(DWRQ��-�*���.LUNODQG��-�,���+XWFKLVRQ��-�+���'HQWRQ��5���2
1HLOO��
5�&���DQG�3DUULVK��-�0���������1RQPDULQH�H[WLQFWLRQ�DFURVV�
WKH� &HQRPDQLDQ�7XURQLDQ� �&�7�� ERXQGDU\�� VRXWKZHVWHUQ�
8WDK��ZLWK�D�FRPSDULVRQ�WR�WKH�&UHWDFHRXV�7HUWLDU\��.�7��
H[WLQFWLRQ�HYHQW��*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��
Y�������S����������
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

(OGHU��:�3���*XVWDVRQ��(�5���DQG�6DJHPDQ��%�%���������&RUUHOD�
WLRQ�RI�EDVLQDO�FDUERQDWH�F\FOHV�WR�QHDUVKRUH�SDUDVHTXHQFHV�
LQ�WKH�/DWH�&UHWDFHRXV�*UHHQKRUQ�6HDZD\��:HVWHUQ�,QWHUL�
RU�8�6�$���*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y�������
S����������

(OGHU��:��3���DQG�.LUNODQG��-�,���������6WUDWLJUDSK\�DQG�GHSRVL�
WLRQDO�HQYLURQPHQWV�RI�WKH�%ULGJH�&UHHN�/LPHVWRQH�0HP�
EHU�RI�WKH�*UHHQKRUQ�/LPHVWRQH�DW�5RFN�&DQ\RQ�DQWLFOLQH�
QHDU�3XHEOR��&RORUDGR��LQ�3UDWW��/�0���.DXIIPDQ��(�*���DQG�
=HOW��)�%��� HGLWRUV��)LQH�JUDLQHG�GHSRVLWV� DQG�ELRIDFLHV�RI�
WKH�&UHWDFHRXV�:HVWHUQ�,QWHULRU�6HDZD\²HYLGHQFH�RI�F\�
FOLF�VHGLPHQWDU\�SURFHVVHV��6RFLHW\�RI�(FRQRPLF�3DOHRQ�
WRORJLVWV�DQG�0LQHUDORJLVWV�¿HOG�WULS�JXLGHERRN�QR����������
PLG\HDU�PHHWLQJ��*ROGHQ��&RORUDGR��S����������

*DVWRQ��5���/RFNOH\��0���/XFDV��6���DQG�+XQW��$���������*UDOOD�
WRU�GRPLQDWHG�IRVVLO�IRRWSULQW�DVVHPEODJHV�DQG�DVVRFLDWHG�
HQLJPDWLF�IRRWSULQWV�IURP�WKH�&KLQOH�*URXS��8SSHU�7ULDV�
VLF���*DWHZD\�DUHD��&RORUDGR��,FKQRV��Y������S����������

*LEVRQ�� 6�=�� ����D�� $� QHZ� KXPS�EDFNHG� JLQJO\PRGLDQ� ¿VK�
�1HRSWHU\JLL�� 6HPLRQRWLIRUPHV�� IURP� WKH� 8SSHU� 7ULDVVLF�
&KLQOH�)RUPDWLRQ�RI�VRXWKHDVWHUQ�8WDK��-RXUQDO�RI�9HUWH�
EUDWH�3DOHRQWRORJ\��Y������S������±�����

*LEVRQ�� 6�=��� ����E�� %LRGLYHUVLW\� DQG� HYROXWLRQDU\� KLVWRU\� RI�
/RSKLRQRWXV� �1HRSWHU\JLL�� 6HPLRQRWLIRUPHV�� IURP� WKH�
ZHVWHUQ�8QLWHG�6WDWHV��&RSHLD�������QR�����S����������

*RZ��&�(���������7KH�VNXOO�RI�3URWRVXFKXV�KDXJKWRQL��DQ�(DUO\�
-XUDVVLF� FURFRG\OLIRUP� IURP� VRXWKHUQ� $IULFD�� -RXUQDO� RI�
9HUWHEUDWH�3DOHRQWRORJ\��Y������S���������

*UHJRU\��+�(���������*HRORJ\�DQG�JHRJUDSK\�RI�WKH�=LRQ�3DUN�
UHJLRQ��8WDK�DQG�$UL]RQD��8�6��*HRORJLFDO�6XUYH\�3URIHV�
VLRQDO�3DSHU����������S�

*XH[��-���%DUWROLQL��$���$WXGRUHL��9���DQG�7D\ORU��'���������+LJK�
UHVROXWLRQ�DPPRQLWH�DQG�FDUERQ�LVRWRSH�VWUDWLJUDSK\�DFURVV�
WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�DW�1HZ�<RUN�&DQ\RQ��1H�
YDGD��(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV��Y�������S��������

+DPEOLQ��$�+���������6SHFWUXP�WUDFNVLWH�±�DOVR�NQRZQ�DV� WKH�
*UDSHYLQH�3DVV�:DVK�WUDFNVLWH��LQ�5H\QROGV��5�(���HGLWRU��
0DNLQJ� WUDFNV� DFURVV� WKH� 6RXWKZHVW�� =]\][�� &DOLIRUQLD�
6WDWH�8QLYHUVLW\�'HVHUW�6WXGLHV�&RQVRUWLXP�DQG�/6$�$V�
VRFLDWHV��,QF���S��������

+DPEOLQ��$�+���/RFNOH\��0�*���DQG�0LOQHU��$�5�&���������0RUH�
UHSRUWV�RI� WKHURSRG�GLQRVDXU� WUDFNVLWHV� IURP�WKH�.D\HQWD�
)RUPDWLRQ� �/RZHU�-XUDVVLF���:DVKLQJWRQ�&RXQW\��8WDK²
LPSOLFDWLRQV� IRU�GHVFULELQJ� WKH�6SULQJGDOH�PHJDWUDFNVLWH��
LQ� +DUULV�� -�'��� /XFDV�� 6�*��� 6SLHOPDQQ�� -�$��� /RFNOH\��
0�*���0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��7KH�7UL�
DVVLF�-XUDVVLF�WHUUHVWULDO�WUDQVLWLRQ��1HZ�0H[LFR�0XVHXP�
RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�����S����������

+DUVKEDUJHU�� -�:��� 5HSHQQLQJ�� &�$��� DQG� ,UZLQ�� -�+��� ������
6WUDWLJUDSK\� RI� WKH� XSSHUPRVW� 7ULDVVLF� DQG� WKH� -XUDVVLF�
URFNV�RI�WKH�1DYDMR�&RXQWU\��8�6��*HRORJLFDO�6XUYH\�3UR�
IHVVLRQDO�3DSHU������S�������

+DWWLQ��'�(���������6WUDWLJUDSK\�DQG�GHSRVLWLRQDO�HQYLURQPHQWV�
RI� WKH�*UHHQKRUQ�/LPHVWRQH� �8SSHU�&UHWDFHRXV��RI�.DQ�
VDV��.DQVDV�*HRORJLFDO�6XUYH\�%XOOHWLQ����������S�

+HFNHUW��$�%���/XFDV��6�*���'H%OLHX[��'�'���DQG�.LUNODQG��-�,���
������ $� UHYXHOWRVDXU�OLNH� WRRWK� IURP� WKH� 3HUL¿HG� )RUHVW�
)RUPDWLRQ� �8SSHU� 7ULDVVLF²5HYXHOWLDQ��� =LRQ� 1DWLRQDO�

3DUN��LQ�+DUULV��-��'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFN�
OH\��0�*���0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��7KH�
7ULDVVLF�-XUDVVLF�7HUUHVWULDO�7UDQVLWLRQ��1HZ�0H[LFR�0X�
VHXP�RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�����S������
����

+HVVH��&�-���������6HPLRQRWXV�FI��JLJDV�IURP�WKH�7ULDVVLF�RI�=LRQ�
3DUN��8WDK��$PHULFDQ�-RXUQDO�RI�6FLHQFH���WK�VHULHV��Y������
S����������

+HVVHOER��6�3���5RELQVRQ�6�$���6XUO\N��)���DQG�3LDVHFNL��6���������
7HUUHVWULDO� DQG�PDULQH� H[WLQFWLRQ� DW� WKH�7ULDVVLF±-XUDVVLF�
ERXQGDU\�V\QFKURQL]HG�ZLWK�PDMRU�FDUERQ�F\FOH�SHUWXUED�
WLRQ²D�OLQN�WR�LQLWLDWLRQ�RI�PDVVLYH�YROFDQLVP"��*HRORJ\��
Y������S����������

+LJJLQV�� -�0��� DQG� :LOOLV�� *�&��� ������ ,QWHULP� JHRORJLF� PDS�
RI� WKH�6W��*HRUJH�TXDGUDQJOH��:DVKLQJWRQ�&RXQW\��8WDK��
8WDK� *HRORJLFDO� 6XUYH\� 2SHQ�)LOH� 5HSRUW� ����� ���� S���
VFDOH����������

+LOOHEUDQGW��$�9���DQG�.U\VW\Q��/���������2Q�WKH�ROGHVW�-XUDVVLF�
DPPRQLWHV�RI�(XURSH��QRUWKHUQ�&DOFDUHRXV�$OSV��$XVWULD��
DQG�WKHLU�JOREDO�VLJQL¿FDQFH��1HXHV�-DKUEXFK�I�U�*HRORJLH�
XQG�3DOlRQWRORJLH��$EKDQGOXQJHQ��Y�������S�����±����

+LOOHEUDQGW��$�9���.U\VW\Q��/��� DQG�.XHUFKQHU��:�0���������$�
FDQGLGDWH�*663�IRU�WKH�EDVH�RI�WKH�-XUDVVLF�LQ�WKH�QRUWKHUQ�
&DOFDUHRXV�$OSV��.XKMRFK�VHFWLRQ��.DUZHQGHO�0RXQWDLQV��
7\URO��$XVWULD��� ,QWHUQDWLRQDO�6XEFRPPLVVLRQ�RQ� -XUDVVLF�
6WUDWLJUDSK\��1HZVOHWWHU�Y������S�������

+RXQVORZ��0�:���3RVHQ��3�(���DQG�:DUULQJWRQ��*�������� ��
0DJQHWRVWUDWLJUDSK\�DQG�ELRVWUDWLJUDSK\�RI�WKH�8SSHU�7UL�
DVVLF�DQG�ORZHUPRVW�-XUDVVLF�VXFFHVVLRQ��6W��$XGULH¶V�%D\��
8.��3DODHRJHRJUDSK\��3DODHRFOLPDWRORJ\��3DODHRHFRORJ\��
Y�������S���������

+XQW��$�3���DQG�/XFDV�6�*���������/DWH�7ULDVVLF�WHWUDSRG�WUDFNV�
RI�ZHVWHUQ�1RUWK�$PHULFD��LQ�/XFDV��6�*���DQG�6SLHOPDQQ��
-�$���HGLWRUV��7ULDVVLF�RI�WKH�$PHULFDQ�:HVW��1HZ�0H[LFR�
0XVHXP� RI� 1DWXUDO� +LVWRU\� DQG� 6FLHQFH� %XOOHWLQ� ���� S��
��������

.HQW�� '�9��� DQG�2OVHQ�� 3�(��� ������$VWURQRPLFDOO\� WXQHG� JHR�
PDJQHWLF�SRODULW\�WLPH�VFDOH�IRU�WKH�/DWH�7ULDVVLF��-RXUQDO�
RI�*HRSK\VLFDO�5HVHDUFK��Y�������S����������������

.HQW��'�9���DQG�2OVHQ��3�(���������(DUO\�-XUDVVLF�PDJQHWRVWUDWLJ�
UDSK\�DQG�SDOHRODWLWXGHV�IURP�WKH�+DUWIRUG�FRQWLQHQWDO�ULIW�
EDVLQ� �HDVWHUQ�1RUWK�$PHULFD�²WHVWLQJ� IRU� SRODULW\� ELDV�
DQG� DEUXSW� SRODU� ZDQGHU� LQ� DVVRFLDWLRQ� ZLWK� WKH� FHQWUDO�
$WODQWLF�PDJPDWLF� SURYLQFH�� -RXUQDO� RI�*HRSK\VLFDO� 5H�
VHDUFK��Y������%�������GRL�������������-%�������

.LUNODQG�� -�,��� ������ /LWKRVWUDWLJUDSKLF� DQG� ELRVWUDWLJUDSKLF�
IUDPHZRUN� IRU� WKH� 0DQFRV� 6KDOH� �/DWH� &HQRPDQLDQ� WR�
0LGGOH�7XURQLDQ��DW�%ODFN�0HVD��QRUWKHDVWHUQ�$UL]RQD��LQ�
1DWLRQV��-�'���DQG�(DWRQ��-�*���HGLWRUV��6WUDWLJUDSK\��GHSR�
VLWLRQDO� HQYLURQPHQWV�� DQG� VHGLPHQWDU\� WHFWRQLFV� RI� WKH�
VRXWKZHVWHUQ�PDUJLQ�&UHWDFHRXV�:HVWHUQ�,QWHULRU�6HDZD\��
*HRORJLFDO�6RFLHW\�RI�$PHULFD��6SHFLDO�3DSHU������ S�� ���
����

.LUNODQG��-�,���/RFNOH\��0�*���DQG�0LOQHU��$�5���������7KH�6W��
*HRUJH�GLQRVDXU�WUDFNVLWH��8WDK�*HRORJLFDO�6XUYH\��6XUYH\�
1RWHV��Y�������QR�����S����������

.LUNODQG��-�,���DQG�0LOQHU��$�5�&���������7KH�0RHQDYH�)RUPD�
WLRQ�DW�WKH�6W��*HRUJH�'LQRVDXU�'LVFRYHU\�6LWH�DW�-RKQVRQ�
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DUJUDYH��-�(
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���

)DUP��LQ�+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFN�
OH\��0�*���0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��7KH�
7ULDVVLF�-XUDVVLF�WHUUHVWULDO�WUDQVLWLRQ���1HZ�0H[LFR�0XVH�
XP�RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�����S����������

.R]XU��+�:���DQG�:HHPV��5�(���������7KH�ELRVWUDWLJUDSKLF�LP�
SRUWDQFH�RI� FRQFKRVWUDFDQV� LQ� WKH� FRQWLQHQWDO�7ULDVVLF�RI�
WKH�QRUWKHUQ�KHPLVSKHUH��LQ�6�*��/XFDV��HGLWRU��7KH�7ULDV�
VLF�7LPHVFDOH��*HRORJLFDO�6RFLHW\�6SHFLDO�3XEOLFDWLRQ������
S����������

/DXULQ��-���DQG�6DJHPDQ��%�%���������7HFWRQR�VHGLPHQWDU\�HYR�
OXWLRQ�RI�WKH�ZHVWHUQ�PDUJLQ�RI�WKH�&RORUDGR�3ODWHDX�GXU�
LQJ�WKH�ODWHVW�&HQRPDQLDQ�DQG�(DUO\�7XURQLDQ��LQ�(UVNLQH��
0�&���)DXOGV��-�(���%DUWOH\��-�0���DQG�5RZOH\��3�'���HGLWRUV��
7KH�JHRORJLF�WUDQVLWLRQ��+LJK�3ODWHDXV�WR�*UHDW�%DVLQ²D�
V\PSRVLXP�DQG�¿HOG�JXLGH��8WDK�*HRORJLFDO�$VVRFLDWLRQ�
DQG� 3DFL¿F� 6HFWLRQ� $PHULFDQ� $VVRFLDWLRQ� RI� 3HWUROHXP�
*HRORJLVWV��8WDK�*HRORJLFDO�$VVRFLDWLRQ�3XEOLFDWLRQ�����S��
������

/HFNLH��5�0���.LUNODQG��-�,���DQG�(OGHU��:�3���������6WUDWLJUDSKLF�
IUDPHZRUN� DQG� FRUUHODWLRQ� RI� D� SULQFLSDO� UHIHUHQFH� VHF�
WLRQ�RI�WKH�0DQFRV�6KDOH��8SSHU�&UHWDFHRXV���0HVD�9HUGH��
&RORUDGR��LQ�$QGHUVRQ��2�-���.XHV��%�6���DQG�/XFDV��6�*���
HGLWRUV�� 0HVR]RLF� JHRORJ\� DQG� SDOHRQWRORJ\� RI� WKH� IRXU�
FRUQHUV�UHJLRQ��1HZ�0H[LFR�*HRORJLFDO�6RFLHW\����WK�DQ�
QXDO�¿HOG�FRQIHUHQFH��S����������

/HLWKROG��(�/���������6WUDWLJUDSKLFDO�DUFKLWHFWXUH�DW� WKH�PXGG\�
PDUJLQ�RI�WKH�&UHWDFHRXV�:HVWHUQ�,QWHULRU�6HDZD\��VRXWK�
HUQ�8WDK��6HGLPHQWRORJ\��Y������S����������

/LWZLQ��5�-���������7KH�SDO\QRVWUDWLJUDSK\�DQG�DJH�RI�WKH�&KLQOH�
DQG�0RHQDYH�)RUPDWLRQV��VRXWKZHVWHUQ�8�6�$���6WDWH�&RO�
OHJH��3HQQV\OYDQLD�6WDWH�8QLYHUVLW\��3K�'��GLVVHUWDWLRQ������S�

/RFNOH\��0�*���&RQUDG��.���3DTXHWWH��0���DQG�)DUORZ��-�2���������
'LVWULEXWLRQ�DQG�VLJQL¿FDQFH�RI�0HVR]RLF�YHUWHEUDWH�WUDFH�
IRVVLOV�LQ�'LQRVDXU�1DWLRQDO�0RQXPHQW��8QLYHUVLW\�RI�:\�
RPLQJ��1DWLRQDO�3DUN�6HUYLFH�5HSRUW�����S��������

/RFNOH\��0�*��� DQG� +XQW�� $�3��� ������ $� UHYLHZ� RI� YHUWHEUDWH�
LFKQRIDXQDV� RI� WKH�:HVWHUQ� ,QWHULRU� 8QLWHG� 6WDWHV²HYL�
GHQFH� DQG� LPSOLFDWLRQV�� LQ� &DSXWR�� 0�9��� 3HWHUVRQ�� -�$���
DQG�)UDQF]\N��.�-���HGLWRUV��0HVR]RLF�V\VWHPV�RI�WKH�5RFN\�
0RXQWDLQ�UHJLRQ��8QLWHG�6WDWHV��'HQYHU��&RORUDGR��5RFN\�
0RXQWDLQ�6HFWLRQ�RI�WKH�6RFLHW\�IRU�6HGLPHQWDU\�*HRORJ\��
S���������

/RFNOH\��0�*���DQG�+XQW��$�3���������'LQRVDXU�WUDFNV�DQG�RWKHU�
IRVVLO� IRRWSULQWV�RI� WKH�ZHVWHUQ�8QLWHG�6WDWHV��1HZ�<RUN��
&ROXPELD�8QLYHUVLW\�3UHVV������S�

/RFNOH\��0�*���/XFDV��6�*���+XQW��$�3���DQG�*DVWRQ��5���������
,FKQRIDXQDV�IURP�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�VHTXHQF�
HV� RI� WKH�*DWHZD\� DUHD��ZHVWHUQ�&RORUDGR²LPSOLFDWLRQV�
IRU� IDXQDO� FRPSRVLWLRQ� DQG� FRUUHODWLRQ� ZLWK� RWKHU� DUHDV��
,FKQRV��Y������S���������

/XFDV��6�*���������7KH�&KLQOH�*URXS²UHYLVHG�VWUDWLJUDSK\�DQG�
ELRFKURQRORJ\� RI�8SSHU�7ULDVVLF� QRQPDULQH� VWUDWD� LQ� WKH�
ZHVWHUQ�8QLWHG�6WDWHV�� LQ�0RUDOHV��0���HGLWRU��$VSHFWV�RI�
0HVR]RLF�JHRORJ\�DQG�SDOHRQWRORJ\�RI� WKH�&RORUDGR�3OD�
WHDX��0XVHXP�RI�1RUWKHUQ�$UL]RQD�%XOOHWLQ�����S��������

/XFDV��6�*��� ������7HWUDSRG� IRRWSULQW� ELRVWUDWLJUDSK\�DQG�ELR�
FKURQRORJ\��,FKQRV��Y������S�������

/XFDV��6�*���������*OREDO�-XUDVVLF�WHWUDSRG�ELRFKURQRORJ\��9R�

OXPLQD�-XUDVVLFD��Y�����S����±����

/XFDV��6�*���DQG�+HFNHUW��$�%���������7KHURSRG�GLQRVDXUV�DQG�
WKH�(DUO\�-XUDVVLF�DJH�RI�WKH�0RHQDYH�)RUPDWLRQ��$UL]RQD�
8WDK��86$��1HXHV�-DKUEXFK�I�U�*HRORJLH�XQG�3DOlRQWROR�
JLH��Y��������S����������

/XFDV�� 6�*��� +HFNHUW�� $�%��� $QGHUVRQ�� 2�-��� DQG� (VWHS�� -�:���
������3K\WRVDXU�IURP�WKH�:LQJDWH�6DQGVWRQH�LQ�VRXWKHDVW�
HUQ�8WDK�DQG�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�RQ�WKH�&ROR�
UDGR�3ODWHDX��LQ�$QGHUVRQ��%���%RD]��'���DQG�0F&RUG��5�'���
HGLWRUV�� 6RXWKZHVW� 3DOHRQWRORJLFDO� 6\PSRVLXP� SURFHHG�
LQJV��YROXPH����0HVD�6RXWKZHVW�0XVHXP�DQG�6RXWKZHVW�
3DOHRQWRORJLFDO�6RFLHW\��S��������

/XFDV��6�*���DQG�0LOQHU��$�5�&���������&RQFKRVWUDFD�IURP�WKH�
/RZHU�-XUDVVLF�:KLWPRUH�3RLQW�0HPEHU�RI� WKH�0RHQDYH�
)RUPDWLRQ�� -RKQVRQ� )DUP�� VRXWKZHVWHUQ�8WDK�� LQ�+DUULV��
-�'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFNOH\��0�*���0LOQHU��
$�5�&��� DQG� .LUNODQG�� -�,��� HGLWRUV�� 7KH� 7ULDVVLF�-XUDVVLF�
WHUUHVWULDO� WUDQVLWLRQ�� � 1HZ� 0H[LFR� 0XVHXP� RI� 1DWXUDO�
+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�����S����������

/XFDV��6�*���DQG�7DQQHU��/�+���������7KH�6SULQJGDOH�6DQGVWRQH�
RI�WKH�.D\HQWD�)RUPDWLRQ��/RZHU�-XUDVVLF�RI�8WDK�$UL]R�
QD��LQ�+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFNOH\��
0�*���0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��7KH�7UL�
DVVLF�-XUDVVLF�WHUUHVWULDO�WUDQVLWLRQ��1HZ�0H[LFR�0XVHXP�
RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�����S��������

/XFDV�� 6�*��� DQG�7DQQHU��/�+��� ������7HWUDSRG�ELRVWUDWLJUDSK\�
DQG�ELRFKURQRORJ\�RI�WKH�7ULDVVLF�-XUDVVLF�WUDQVLWLRQ�RQ�WKH�
VRXWKHUQ� &RORUDGR� 3ODWHDX�� 86$�� 3DODHRJHRJUDSK\�� 3DO�
DHRFOLPDWRORJ\��3DODHRHFRORJ\��Y�������S����������

/XFDV�� 6�*��� 7DQQHU�� /�+��� DQG�+HFNHUW��$�%��� ������ 7HWUDSRG�
ELRVWUDWLJUDSK\� DQG� ELRFKURQRORJ\� DFURVV� WKH� 7ULDVVLF�
-XUDVVLF� ERXQGDU\� LQ� QRUWKHDVWHUQ� $UL]RQD�� LQ� +HFNHUW��
$�%���DQG�/XFDV��6�*���HGLWRUV��9HUWHEUDWH�SDOHRQWRORJ\�LQ�
$UL]RQD��1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�6FL�
HQFH�%XOOHWLQ�����S��������

/XFDV�� 6�*��� 7DQQHU�� /�+�� 'RQRKRR�+XUOH\�� /�/��� *HLVVPDQ��
-�:���.R]XU��+�:����+HFNHUW��$�%���DQG�:HHPV��5�(��������
3RVLWLRQ�RI�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�DQG�WLPLQJ�RI�WKH�
HQG�7ULDVVLF�H[WLQFWLRQV�RQ�ODQG²GDWD�IURP�WKH�0RHQDYH�
)RUPDWLRQ�RQ�WKH�VRXWKHUQ�&RORUDGR�3ODWHDX��86$��3DODHR�
JHRJUDSK\�� 3DODHRFOLPDWRORJ\�� 3DODHRHFRORJ\�� Y�� ����� S��
��������

0DU]ROI��-�(���������3DOLQVSDVWLF�UHFRQVWUXFWLRQ�RI�(DUO\�0HVR�
]RLF�VHGLPHQWDU\�EDVLQV�QHDU�WKH�ODWLWXGH�RI�/DV�9HJDV²
LPSOLFDWLRQV� IRU� WKH� (DUO\�0HVR]RLF�&RUGLOOHUDQ� FUDWRQLF�
PDUJLQ�� LQ� 'XQQH�� *�&��� DQG� 0F'RXJDOO�� .�$��� HGLWRUV��
0HVR]RLF�SDOHRJHRJUDSK\�RI�WKH�ZHVWHUQ�8QLWHG�6WDWHV�,,��
/RV�$QJHOHV��3DFL¿F�6HFWLRQ�RI�WKH�6(30��S����������

0DU]ROI��-�(���������5HFRQVWUXFWLRQ�RI�WKH�HDUO\�0HVR]RLF�&RU�
GLOOHUDQ�FUDWRQDO�PDUJLQ�DGMDFHQW�WR�WKH�&RORUDGR�3ODWHDX��
LQ�&DSXWR��0�9���3HWHUVRQ��-�$��DQG�)UDQF]\N��.�-���HGLWRUV��
0HVR]RLF� V\VWHPV� RI� WKH� 5RFN\�0RXQWDLQ� UHJLRQ�� 86$��
'HQYHU��5RFN\�0RXQWDLQ�6HFWLRQ�RI�WKH�6(30��S����������

0DU]ROL��$���%HUWUDQG��+���.QLJKW��.�%���&LULOOL��6���%XUDWWL��1���
9pUDWL��&���1RPDGH��6���5HQQH��3�5���<RXEL��1���0DUWLQL��3���
$OOHQEDFK�� .��� 1HXZHUWK�� 5��� 5DSDLOOH� &��� =DQLQHWWL�� /���
DQG�%HOOLHQL��*���������6\QFKURQ\�RI� WKH�FHQWUDO�$WODQWLF�
PDJPDWLF�SURYLQFH�DQG�WKH�7ULDVVLF±-XUDVVLF�ERXQGDU\�FOL�
PDWLF�DQG�ELRWLF�FULVLV��*HRORJ\��Y������S����������
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8*$�3XEOLFDWLRQ����������²*HRORJ\�RI�8WDK
V�)DU�6RXWK���

0LOOHU��:�(���%ULWW�%�%���DQG�6WDGWPDQ��.���������7ULGDFW\O�WUDFNV�
IURP�WKH�0RHQDYH�)RUPDWLRQ�RI�VRXWKZHVWHUQ�8WDK��LQ�*LO�
OHWWH�� '�'��� DQG� /RFNOH\�� 0�*��� HGLWRUV�� 'LQRVDXU� WUDFNV�
DQG� WUDFHV�� &DPEULGJH�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� S��
��������

0LOQHU��$�5�&���DQG�.LUNODQG��-�,���������3UHOLPLQDU\�UHYLHZ�RI�
WKH�(DUO\�-XUDVVLF��+HWWDQJLDQ��IUHVKZDWHU�/DNH�'L[LH�¿VK�
IDXQD�LQ�WKH�:KLWPRUH�3RLQW�0HPEHU��0RHQDYH�)RUPDWLRQ�
LQ�VRXWKZHVW�8WDK��LQ�+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��
-�$��� /RFNOH\�� 0�*��� 0LOQHU�� $�5�&��� DQG� .LUNODQG�� -�,���
HGLWRUV�� 7UDFNLQJ� GLQRVDXU� RULJLQV²WKH� 7ULDVVLF�-XUDVVLF�
WHUUHVWULDO�WUDQVLWLRQ��1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�+LV�
WRU\�DQG�6FLHQFH�%XOOHWLQ�����S����������

0LOQHU��$�5�&��� DQG�.LUNODQG�� -�,��� ������ 7KH� FDVH� IRU� ¿VKLQJ�
GLQRVDXUV� DW� WKH� 6W�� *HRUJH� 'LQRVDXU� 'LVFRYHU\� 6LWH� DW�
-RKQVRQ�)DUP��8WDK�*HRORJLFDO�6XUYH\��6XUYH\�1RWHV��Y��
����QR�����S������

0LOQHU��$�5�&���DQG�6SHDUV��6�=���������0HVR]RLF�DQG�&HQR]RLF�
LFKQRORJ\� RI� VRXWKZHVWHUQ� 8WDK�� LQ� /XQG��:�5��� HGLWRU��
)LHOG�JXLGH�WR�JHRORJLF�H[FXUVLRQV�LQ�VRXWKHUQ�8WDK��8WDK�
*HRORJLFDO�$VVRFLDWLRQ�3XEOLFDWLRQ����������S�

0LOQHU�� $�5�&��� %LUWKLVHO�� 7��� .LUNODQG�� -�,��� %UHLWKDXSW�� %���
0DWKHZV��1���/RFNOH\��0�*���6DQWXFFL��9�/���*LEVRQ��6�=���
'H%OLHX[�� '��� +XUOEXW��0��� +DUULV�� -�'��� DQG� 2OVHQ�� 3�(��
������7UDFNLQJ�(DUO\�&UHWDFHRXV� GLQRVDXUV� LQ� VRXWKZHVW�
HUQ�8WDK�DQG�WKH�7ULDVVLF�-XUDVVLF�WUDQVLWLRQ��1HYDGD�6WDWH�
0XVHXP��3DOHRQWRORJLFDO�3DSHUV���������

0LOQHU��$�5�&���+DUULV��-�'���/RFNOH\��0�*���.LUNODQG��-�,���DQG�
0DWWKHZV�� 1�$��� ������ %LUG�OLNH� DQDWRP\�� SRVWXUH�� DQG�
EHKDYLRU�UHYHDOHG�E\�DQ�(DUO\�-XUDVVLF�WKHURSRG�GLQRVDXU�
UHVWLQJ�WUDFH��3/R6�21(�������H�����

0LOQHU��$�5�&���.LUNODQG�� -�,���&KLQ��.��� DQG�0LFNHOVRQ��'�/���
������ /DWH� 7ULDVVLF�(DUO\� -XUDVVLF� IUHVKZDWHU� ¿VK� IDXQDV�
RI� WKH� VRXWKZHVWHUQ� 8QLWHG� 6WDWHV� ZLWK� HPSKDVLV� RQ� WKH�
/DNH�'L[LH�SRUWLRQ�RI�WKH�0RHQDYH�)RUPDWLRQ��VRXWKZHVW�
8WDK��7KH�7ULDVVLF�-XUDVVLF�WHUUHVWULDO�WUDQVLWLRQ��DEVWUDFWV�
YROXPH��S�����

0LOQHU�� $�5�&��� /RFNOH\�� 0�*��� DQG� .LUNODQG�� -�,��� ����D�� $�
ODUJH�FROOHFWLRQ�RI�ZHOO�SUHVHUYHG�WKHURSRG�GLQRVDXU�VZLP�
WUDFNV� IURP� WKH� /RZHU� -XUDVVLF�0RHQDYH� )RUPDWLRQ�� 6W��
*HRUJH��8WDK��LQ�+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���
/RFNOH\��0�*���0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��
7UDFNLQJ�GLQRVDXU�RULJLQV²WKH�7ULDVVLF�-XUDVVLF�WHUUHVWUL�
DO�WUDQVLWLRQ��1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�
6FLHQFH�%XOOHWLQ�����S�����������

0LOQHU��$�5�&���/RFNOH\��0�*���DQG�-RKQVRQ��6�%�������E��7KH�
VWRU\�RI� WKH�6W��*HRUJH�'LQRVDXU�'LVFRYHU\�6LWH�DW� -RKQ�
VRQ� )DUP²DQ� LPSRUWDQW� /RZHU� -XUDVVLF� GLQRVDXU� WUDFN�
VLWH�IURP�WKH�0RHQDYH�)RUPDWLRQ�RI�VRXWKZHVWHUQ�8WDK��LQ�
+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFNOH\��0�*���
0LOQHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��7UDFNLQJ�GLQR�
VDXU� RULJLQV²WKH� 7ULDVVLF�-XUDVVLF� WHUUHVWULDO� WUDQVLWLRQ��
1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XO�
OHWLQ�����S����������

0DUW]�� -�:��� ,UPLV��5�%��� DQG�0LOQHU��5�&��� ������/LWKRVWUDWLJ�
UDSK\�DQG�ELRVWUDWLJUDSK\�RI�WKH�&KLQOH�)RUPDWLRQ��XSSHU�
7ULDVVLF��LQ�VRXWKHUQ�/LVERQ�9DOOH\��VRXWKHDVWHUQ�8WDK��LQ�
0DF/HDQ��-�6���%LHN��5�)���DQG�+XQWRRQ��-�(���HGLWRUV��*HRO�
RJ\�RI�8WDK¶V�)DU�6RXWK��8WDK�*HRORJLFDO�$VVRFLDWLRQ�3XE�
OLFDWLRQ�����S�����±����

0ROLQD�*DU]D�� 5�6��� *HLVVPDQ�� -�:��� DQG� /XFDV�� 6�*��� ������
3DOHRPDJQHWLVP� DQG� PDJQHWRVWUDWLJUDSK\� RI� WKH� ORZHU�
*OHQ� &DQ\RQ� DQG� XSSHU� &KLQOH� *URXSV�� -XUDVVLF�7UL�
DVVLF� RI� QRUWKHUQ� $UL]RQD� DQG� QRUWKHDVW� 8WDK�� -RXUQDO�
RI� *HRSK\VLFDO� 5HVHDUFK�� Y�� ����� QR�� %��� S�� ������ GRL��
������������-%�������

0RUDOHV��0���DQG�$VK��6�5���������7KH�ODVW�SK\WRVDXU"��LQ�/XFDV��
6�*��� DQG�0RUDOHV��0��� HGLWRUV�� 7KH� QRQPDULQH� 7ULDVVLF��
1HZ�0H[LFR�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XO�
OHWLQ����S����������

0RUULVRQ�� 5�%��� ������ 4XDWHUQDU\� VWUDWLJUDSKLF�� K\GURORJLF��
DQG�FOLPDWLF�KLVWRU\�RI�WKH�*UHDW�%DVLQ��ZLWK�HPSKDVLV�RQ�
/DNHV� /DKRQWDQ�� %RQQHYLOOH�� DQG� 7HFRSD�� LQ� 0RUULVRQ��
5�%�� HGLWRU�� 4XDWHUQDU\� QRQJODFLDO� JHRORJ\�� FRQWHUPLQ�
RXV�8�6���*HRORJLFDO�6RFLHW\�RI�$PHULFD��7KH�*HRORJ\�RI�
1RUWK�$PHULFD��Y��.����S����������

0RUWRQ��1���DQG�+HVVHOER��6���HGLWRUV��������,QWHUQDWLRQDO�&RP�
PLVVLRQ�RQ�-XUDVVLF�6WUDWLJUDSK\�1HZVOHWWHU��Y������QR��������S�

0RUWRQ��1���������,QDXJXUDWLRQ�RI�WKH�*663�IRU�WKH�-XUDVVLF�6\V�
WHP��(SLVRGHV�Y������S����������

2GLHU��*���/RFNOH\��0���DQG�/XFDV��6���������9HUWHEUDWH�LFKQROR�
J\�DW�WKH�7ULDVVLF�-XUDVVLF�ERXQGDU\�LQ�HDVWHUQ�8WDK²QHZ�
HYLGHQFH� IURP� WKH�:LQJDWH�)RUPDWLRQ�� -RXUQDO� RI�9HUWH�
EUDWH�3DOHRQWRORJ\��Y������S����$�

2OVHQ��3�(��� DQG�*DOWRQ��3�0��� ������7ULDVVLF� -XUDVVLF� WHWUDSRG�
H[WLQFWLRQV²DUH�WKH\�UHDO"��6FLHQFH��Y�������S����������

2OVHQ��3�(���DQG�*DOWRQ��3�0���������$�UHYLHZ�RI�WKH�UHSWLOH�DQG�
DPSKLELDQ� DVVHPEODJHV� IURP� WKH� 6WRUPEHUJ� RI� VRXWKHUQ�
$IULFD��ZLWK�VSHFLDO�HPSKDVLV�RQ�WKH�IRRWSULQWV�DQG�WKH�DJH�
RI�WKH�6WRUPEHUJ��3DODHRQWRORJLD�$IULFDQD��Y������S����±�����

2OVHQ�� 3�(��� .HQW�� '�9��� 6XHV�� +��'��� .RHEHUO�� &��� +XEHU�� +���
0RQWDQDUL��$���5DLQIRUWK��(�&���)RZHOO��6�-���6]DMQD��0�-���
DQG�+DUWOLQH��%�:���������$VFHQW�RI�GLQRVDXUV�OLQNHG�WR�DQ�
LULGLXP� DQRPDO\� DW� WKH� 7ULDVVLF�-XUDVVLF� ERXQGDU\�� 6FL�
HQFH��Y�������S������������

2OVHQ��3�(���0F&XQH��$�5���DQG�7KRPVRQ��.�6���������&RUUHOD�
WLRQ�RI� WKH�HDUO\�0HVR]RLF�1HZDUN�6XSHUJURXS�E\�YHUWH�
EUDWHV��SULQFLSDOO\�¿VKHV��$PHULFDQ�-RXUQDO�RI�6FLHQFH��Y��
�����S�������

2OVHQ��3�(���DQG�3DGLDQ��.���������(DUOLHVW�UHFRUGV�RI�%DWUDFKR�
SXV� IURP� WKH� VRXWKZHVWHUQ�8QLWHG� 6WDWHV�� DQG� D� UHYLVLRQ�
RI�VRPH�(DUO\�0HVR]RLF�FURFRG\ORPRUSK�LFKQRJHQHUD�� LQ�
3DGLDQ��.���HGLWRU��7KH�EHJLQQLQJ�RI�WKH�DJH�RI�GLQRVDXUV²
IDXQDO� FKDQJHV� DFURVV� WKH� 7ULDVVLF�-XUDVVLF� ERXQGDU\��
&DPEULGJH�8QLYHUVLW\�3UHVV��S����������

2OVHQ��3�(��� DQG�5DLQIRUWK��(�&��� ������7KH�(DUO\� -XUDVVLF� RU�
QLWKLVFKLDQ� GLQRVDXULDQ� LFKQRJHQXV� $QRPRHSXV�� LQ� /H�
7RXUQHDX�� 3�0�� DQG� 2OVHQ�� 3�(��� HGLWRUV�� 7KH� JUHDW� ULIW�
YDOOH\V�RI�3DQJHD�LQ�HDVWHUQ�1RUWK�$PHULFD��9ROXPH��²
VHGLPHQWRORJ\��VWUDWLJUDSK\��DQG�SDOHRQWRORJ\��1HZ�<RUN��
&ROXPELD�8QLYHUVLW\�3UHVV��S����������

2YLDWW��&�*���������/DWH�3OHLVWRFHQH�DQG�+RORFHQH�ODNH�ÀXFWXD�
WLRQV�LQ�WKH�6HYLHU�%DVLQ��8WDK��86$��-RXUQDO�RI�3DOHROLP�
QRORJ\��Y�����S������

2YLDWW�� &�*��� 0F&R\�� :�'��� DQG� 1DVK�� :�3��� ������ 6HTXHQFH�
VWUDWLJUDSK\� RI� ODFXVWULQH� GHSRVLWV²D�4XDWHUQDU\� H[DP�
SOH�IURP�WKH�%RQQHYLOOH�EDVLQ��8WDK��*HRORJLFDO�6RFLHW\�RI�
$PHULFD�%XOOHWLQ��Y�������S����������
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2YLDWW��&�*���0LOOHU��'�0���0F*HHKLQ��-�3���&HFLOH��=���DQG�0D�
KDQ��6���������7KH�<RXQJHU�'U\DV�SKDVH�RI�*UHDW�6DOW�/DNH��
8WDK�� 86$�� 3DODHRJHRJUDSK\�� 3DODHRFOLPDWRORJ\�� 3DODH�
RHFRORJ\��Y�������S����������

3LSLULQJRV��*�1���DQG�2¶6XOOLYDQ��5�%���������3ULQFLSDO�XQFRQ�
IRUPLWLHV� LQ�7ULDVVLF� DQG� -XUDVVLF� URFNV��ZHVWHUQ� ,QWHULRU�
8QLWHG�6WDWHV²D�SUHOLPLQDU\�VXUYH\��8�6��*HRORJLFDO�6XU�
YH\�3URIHVVLRQDO�3DSHU������$�����S�

5HLQHFN��+�(���DQG�6LQJK��,�%���������'HSRVLWLRQDO�VHGLPHQWDU\�
HQYLURQPHQWV��ZLWK�UHIHUHQFH�WR�WHUULJHQRXV�FODVWLFV��1HZ�
<RUN��6SULQJHU�9HUODJ������S�

5LJJV��1�5���DQG�%ODNH\��5�&���������(DUO\�DQG�0LGGOH�-XUDVVLF�
SDOHRJHRJUDSK\�DQG�YROFDQRORJ\�RI�$UL]RQD�DQG�DGMDFHQW�
DUHDV��LQ�'XQQH��*�&���DQG�0F'RXJDOO��.�$���HGLWRUV��0HV�
R]RLF�SDOHRJHRJUDSK\�RI�WKH�ZHVWHUQ�8QLWHG�6WDWHV�,,��/RV�
$QJHOHV��3DFL¿F�6HFWLRQ�RI�WKH�6(30��S����������

5LJJV��1�5���/HKPDQ��7�0���*HKUHOV��*�(���DQG�'LFNLQVRQ��:�5���
������'HWULWDO�]LUFRQ�OLQN�EHWZHHQ�WKH�KHDGZDWHUV�DQG�WHU�
PLQXV�RI�WKH�&KLQOH�'RFNXP�SDOHRULYHU�V\VWHP��6FLHQFH��
Y�������S���������

6DQWL�0DOQLV�� 3��� .HQW��'�9��� &RORPEL�� &�(��� DQG�*HXQD�� 6�(���
������ 4XHEUDGD� GH� OD� 6DO� PDJQHWRHVWUDWLJUDSKLF� VHFWLRQ��
/RV� &RORUDGRV� )RUPDFLyQ�� 8SSHU� 7ULDVVLF� ,VFKLJXDODVWR�
9LOOD�8QLyQ�EDVLQ��$UJHQWLQD��/DWLQPDJ�/HWWHUV��Y�����6SH�
FLDO�,VVXH�%����S���±��

6FKDHIIHU��%���DQG�'XQNOH��'�+���������$�VHPLRQRWLG�¿VK�IURP�
WKH� &KLQOH� )RUPDWLRQ�� ZLWK� FRQVLGHUDWLRQ� RI� LWV� UHODWLRQ�
VKLSV��$PHULFDQ�0XVHXP�1RYLWDWHV��QR��������S�������

6FKXGDFN�� 0�(��� ������ %DVDO� -XUDVVLF� QRQPDULQH� RVWUDFRGV�
IURP�WKH�0RHQDYH�)RUPDWLRQ�RI�6W��*HRUJH��8WDK��LQ�+DU�
ULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���/RFNOH\��0�*���0LO�
QHU��$�5�&���DQG�.LUNODQG��-�,���HGLWRUV��7UDFNLQJ�GLQRVDXU�
RULJLQV²WKH� 7ULDVVLF�-XUDVVLF� WHUUHVWULDO� WUDQVLWLRQ�� 1HZ�
0H[LFR�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�6FLHQFH�%XOOHWLQ�
����S����������

6KXELQ��1�+���2OVHQ��3�(���DQG�6XHV��+��'���������(DUO\�-XUDVVLF�
VPDOO�WHWUDSRGV�IURP�WKH�0F&R\�%URRN�)RUPDWLRQ�RI�1RYD�
6FRWLD��&DQDGD�� LQ�)UDVHU��1�&��� DQG�6XHV��+��'��� HGLWRUV��
,Q�WKH�VKDGRZ�RI�WKH�GLQRVDXUV²HDUO\�0HVR]RLF�WHWUDSRGV��
&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��S�����±����

6PLWK��-�$���6DPSVRQ��6���/RHZHQ��0���DQG�6DQWXFFL��9���������
7UDFNZD\�HYLGHQFH�RI�SRVVLEOH�JUHJDULRXV�EHKDYLRU�LQ�ODUJH�
WKHURSRGV�IURP�WKH�/RZHU�-XUDVVLF�0RHQDYH�)RUPDWLRQ�RI�
=LRQ�1DWLRQDO�3DUN��-RXUQDO�RI�9HUWHEUDWH�3DOHRQWRORJ\��Y��
����VXSSO��WR�QR������S����$�

6XHV��+��'���&ODUN��-���DQG�-HQNLQV��)���-U���������$�UHYLHZ�RI�WKH�
(DUO\� -XUDVVLF� WHWUDSRGV� IURP� WKH�*OHQ�&DQ\RQ�*URXS�RI�
WKH�$PHULFDQ�6RXWKZHVW��LQ�)UDVHU��1�&���DQG�6XHV��+��'���
HGLWRUV�� ,Q� WKH� VKDGRZ�RI� WKH�GLQRVDXUV²HDUO\�0HVR]RLF�
WHWUDSRGV��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��S������
����

6XHV��+��'���6KXELQ��1�+���2OVHQ��3�(���DQG�$PDUDO��:�:���������
2Q�WKH�FUDQLDO�VWUXFWXUH�RI�D�QHZ�SURWRVXFKLG��$UFKRVDX�
ULD��&URFRG\OLIRUPHV�� IURP� WKH�0F&R\�%URRN� )RUPDWLRQ�
�/RZHU�-XUDVVLF��RI�1RYD�6FRWLD��&DQDGD��-RXUQDO�RI�9HUWH�
EUDWH�3DOHRQWRORJ\��Y������S��������

7DQQHU��/�+��� DQG�/XFDV��6�*���������7KH�0RHQDYH�)RUPDWLRQ�
VHGLPHQWRORJLF� DQG� VWUDWLJUDSKLF� FRQWH[W� RI� WKH� 7ULDVVLF�

-XUDVVLF�ERXQGDU\�LQ�WKH�)RXU�&RUQHUV�DUHD��VRXWKZHVWHUQ�
8�6�$�� 3DODHRJHRJUDSK\�� 3DODHRFOLPDWRORJ\�� 3DODHRHFRO�
RJ\��Y�������S�����±����

7DQQHU��/�+���DQG�/XFDV��6�*���������7KH�:KLWPRUH�3RLQW�0HP�
EHU� RI� WKH� 0RHQDYH� )RUPDWLRQ�� (DUO\� -XUDVVLF� GU\ODQG�
ODNHV�RQ� WKH�&RORUDGR�3ODWHDX�� VRXWKZHVWHUQ�86$��9ROX�
PLQD�-XUDVVLFD��Y�����S��������

7DQQHU��/�+���DQG�/XFDV��6�*���������'HSRVLWLRQ�DQG�GHIRUPD�
WLRQ�RI�ÀXYLDO�ODFXVWULQH�VHGLPHQWV�RI�WKH�8SSHU�7ULDVVLF�
/RZHU�-XUDVVLF�:KLWPRUH�3RLQW�0HPEHU��0RHQDYH�)RUPD�
WLRQ�� QRUWKHUQ�$UL]RQD�� 6HGLPHQWDU\�*HRORJ\�� Y�� ����� S��
���±����

7DQQHU��/�+���/XFDV��6�*���DQG�&KDSPDQ��0�*���������$VVHVVLQJ�
WKH�UHFRUG�DQG�FDXVHV�RI�/DWH�7ULDVVLF�H[WLQFWLRQV��(DUWK�
6FLHQFH�5HYLHZV��Y������S����������

7LEHUW��1�(���/HFNLH��5�0���(DWRQ��-�*���.LUNODQG��-�,���&ROLQ��-��
3���/HLWKROG��(�/���DQG�0F&RUPLFN��0���������5HFRJQLWLRQ�
RI�UHODWLYH�VHD�OHYHO�FKDQJH�LQ�XSSHU�&UHWDFHRXV�FRDO�EHDU�
LQJ�VWUDWD²D�SDOHRHFRORJLFDO�DSSURDFK�XVLQJ�DJJOXWLQDWHG�
IRUDPLQLIHUD�DQG�RVWUDFRGHV�WR�GHWHFW�NH\�VWUDWLJUDSKLF�VXU�
IDFHV��LQ�2OVRQ��+���DQG�/HFNLH��5��0��HGLWRUV��0LFURIRVVLOV�
DV�SUR[LHV�IRU�VHD�OHYHO�FKDQJH�DQG�VWUDWLJUDSKLF�GLVFRQWL�
QXLWLHV��6(30�6SHFLDO�3XEOLFDWLRQ�����S����������

7LGZHOO��:�'���DQG�$VK��6�5���������3UHOLPLQDU\�UHSRUW�RQ�WKH�
(DUO\�-XUDVVLF�ÀRUD�IURP�WKH�6W��*HRUJH�'LQRVDXU�'LVFRY�
HU\�6LWH��8WDK��LQ�+DUULV��-�'���/XFDV��6�*���6SLHOPDQQ��-�$���
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APPENDIX A 
 
Moenave Formation and bounding strata at St. George Dinosaur Discovery Site at Johnson Farm 

(SGDS Section). 
Section measured by James I. Kirkland Sept. 20-22, 2001. It is important to note that much of the outcrop 
described here has either been highly modified or removed completely due to development in the area. 
Base of measured section (12S 274040 E 4108609 N) started 95 m southwest of the fork between 
Foremaster Drive and East Riverside Drive and crosses Foremaster Drive to west northwest (12 S 273842 
E 4108675 N), where measured up to a prominent light green bleached zone (units 4, 5) below the first 
ripple-bedded sandstone ledge (unit 6) and then back-tracked down gully and describe most of unit below 
road. The combination of these beds and a 5 cm light greenish-gray zone 323 cm below were used to 
correlate to the north to the base of Jensen Ridge (Kirkland and Milner, 2006; Milner et al., 2012) located  
east of SGDS. Here, overlapping portions of the lower Dinosaur Canyon Member permitted these marker 
beds to be identified and correlated.  The rest of Dinosaur Canyon portion of the section was measured  in 
several overlapping sections  following the strata as it dipped to the north along Johnson Ridge up to the 
base of the Johnson Farm sandstone bed (unit 40), which had capped the north end this ridge (12S 274986 
E 4109026) prior to development. The Whitmore  Point section started by overlapping base of the 
Whitmore Point in the road cut directly across East Riverside  Drive from SGDS (12S 274706 4109132 
N) taking advantage of fresh exposures due to construction of Fossil Ridge Intermediate School to the  
base of Springdale Sandstone Member (12S 274646 E 4109345 N) . The Springdale Sandstone Member 
of the Kayenta Formation up to the unnamed “silty facies” of the Kayenta Formation was measured from 
12S 274107 E 4109393 N to the north-northwest 12S 273783 E 4109955 N below Black Ridge. Dip 4° 
west-northwest. 
 
DESCRIPTION THICKNESS (cm) 
 Interval Total 
Main body of Kayenta Formation, Silty Facies (measured in part) 
 
87. Mudstone, pale red 5R5/6, friable ...................................................................................... NM  
86. Sandstone, yellowish-gray 5Y7/1, medium grained, ripple drift cross-bedding, 

flat upper contact with overlying mudstone, wavy lower contact, locally cutting 
out underlying mudstone and resting directly on the Springdale Sandstone 
Member. At many localities in the St. George area the top of this unit preserves 
dinosaur tracksites .............................................................................................................. 113 10146 

85. Mudstone, pale red 5R5/6, friable, cut out laterally by unit 86 ............................................ 10 10033 
 
Springdale Sandstone Member, Kayenta Formation  
 
84. Sandstone, grayish dusky yellow 5Y8/4-6/4, coarse- to very coarse-grained, 

meter-scale trough cross bedding, lenses of pebble conglomerate at bases of 
troughs with carbonate, mudstone, and chert clasts up to 4 cm across. At base of 
unit angular mudstone clasts up to 20 cm across, well-indurated, form series of 
rounded ledges from 1-3 m in thickness representing major cosets of cross beds. .......... 2785 10023 

 
Total Springdale Sandstone Member .............................................................................................  2785 
 
Whitmore Point Member, Moenave Formation 
 
83. Sandy mudstone, medium red-brown 10R 4/6, friable ........................................................ 51 7238 
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82. Sandstone, medium grayish-red 10R4/6 with upper half of unit very pale green 
10G8/2, coarsening upward from fine- to medium-grained with increasing 
induration, rippled cross-bedded .......................................................................................... 25 7187 

81.  Sandstone, pale red 5R6/2, coarsening upward from fine- to medium-grained 
with increasing induration, rippled cross-bedded................................................................. 31 7162 

80. Sandstone, pale red 5R6/2 mottled light greenish gray 5GY8/1, coarsening 
upward from fine- to medium-grained with increasing induration, rippled cross-
bedded .................................................................................................................................. 46 7131 

79. Sandstone, very pale green 10G8/2, fine- to medium-grained; fish bones, not all 
surrounded by concretions; uncommon and small; many fragmentary ................................. 4 7085 

78. Siltstone to fine sandstone, pale red 5R6/2 mottled light greenish gray 5GY8/1 
from above, coarsening upward with increasing induration, mudcracks, fish 
bones not all surrounded by concretion; uncommon and small; many 
fragmentary, poorly-preserved dinosaur tracks .................................................................... 21 7081 

77. Sandstone, pale green 10G8/2, fine-grained, wavy bedding, well-laminated; 
stromatolitic, ostracods (Darwinella, Schudack, 2006), conchostracans, 
(Hettangian assemblage of Euestheria brodieana and Bulbilimnadia 
killianorum, Lucas and others, 2011), all vertebrate fossils in thin red 
concretions, containing abundant complete, articulated and disarticulated 
semionotids (some articulated in 3D), Many iron oxide-stained concretion-coated 
dinosaur teeth and vertebrae, coelacanths, semionotids (some articulated in 3D), 
hybodont teeth and spines, palaeoniscoids; a single Eubrontes track recognized 
on upper surface, main productive level in Freeman Quarry on Fossil Ridge 
Intermediate School property (Milner and others, 2006a, 2012) ........................................... 3 7060 

76. Claystone to mudstone, moderate yellowish-brown 10YR5/4, moderately 
laminated; abundant semionotid fish scales, small fish bones, coprolites with thin 
oxidized crust ....................................................................................................................... 40 7057 

75.  Siltstone to very fine sandstone, very pale green 10G8/2, wavy to ripple cross-
bedded, mudcracks; stromatolitic at base (~7 cm thick) semionotid fish, hybodont 
shark teeth;“Lissodus   johnsonorum”   jaw   (Milner   and   others,   2006a), 
palaeoniscoids, and coelacanths (including skull); base of the Freeman Quarry on 
Fossil Ridge Intermediate School property .......................................................................... 13 7017 

74. Interbedded siltstone and silty shale, light greenish gray 5GY8/1 and pale reddish 
purple 5RP6/2, respectively, well laminated, 3 layers preserving Grallator tracks ............. 42 7004 

73. Siltstone to very fine-grained sandstone, very pale green 10G8/2, finely 
laminated, mudcracks; common fish debris in red-stained concretions ................................. 3 6962 

72. Interbedded siltstone and silty shale, light greenish-gray 5GY8/1 and pale reddish 
purple 5RP6/2, respectively, well laminated ........................................................................ 67 6959 

71. Limestone, light gray N7, sandy stromatolite layer, wavy, mudcracks, chert 
blebs, fish scales, isolated bones, and articulated fishes in red-stained 
concretions, ............................................................................................................................ 7 6892 

70. Interbedded siltstone and silty shale, light greenish-gray 5GY8/1 and pale reddish 
purple 5RP6/2, respectively, well laminated, ostracodes, single articulated 
semionotid fish not in concretion, preserved on shale layer ................................................ 54 6885 

69. Limestone, light gray N7, sandy stromatolite layer, wavy, mudcracks, fish scales ............... 4 6831 
68.  Silty shale to siltstone, pale reddish-purple 5RP6/2, well-laminated, moderately 

indurated, large mudcracks, thins and thickens from 18-35 cm, concretions with 
articulated fish,” fish sticks,” isolated scales and bones, coprolites usually coated 
in red-stained carbonate concretions. ................................................................................... 35 6827 
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67. Sandstone, light greenish-gray 5GY8/1, fine grained, wavy-bedded, moderately 
well-indurated, veins and abundant nodules of anhydrite, thickens laterally  to 
10-12 cm ................................................................................................................................ 3 6792 

66. Silty shale, grayish-red 10R4/2, fairly well-laminated, moderately-indurated .................... 52 6789 
65. Muddy sandstone, moderate yellowish-brown 10YR5/4, fine-grained, moderately 

indurated, poorly bedded ...................................................................................................... 35 6737 
64. Silty shale, medium red-brown 10R4/6, well-laminated, friable ......................................... 42 6702 
63.  Sandstone, light greenish-gray 5GY8/1, moderately indurated ............................................. 2 6660 
62. Silty shale, grayish-red 10R4/2, fairly well-laminated, moderately indurated ..................... 59 6658 
61. Sandstone, moderate orange-pink 5YR8/4 with top bleached to a light greenish 

gray 5GY8/1, fine-grained, wavy bedded, moderately well indurated, 
conchostracans, fish debris and coprolites (not in concretions); Palaeophycus 
burrows at unit base ............................................................................................................... 6 6599 

60. Mudstone, pale red-brown 10R5/4, poorly laminated, poorly-indurated, friable ................ 19 6593 
59. Sandstone, moderate orange pink 5YR8/4 with top bleached to a light greenish 

gray 5GY8/1, fine-grained, wavy-bedded, moderately well-indurated, poorly 
preserved Grallator natural cast tracks at base .................................................................... 27 6574 

58. Mudstone, pale red-brown 10R5/4, poorly laminated, poorly indurated, friable ................. 51 6547 
57. Sandstone, moderate orange-pink 5YR8/4, fine-grained, wavy-bedded, 

moderately well-indurated, poorly preserved Eubrontes tracks in partial trackway 
from the base of this unit. This unit thins out to 2 cm thick along Mall Drive to 
south. .................................................................................................................................... 16 6496 

56. Mudstone, medium grayish-red 10R5/2, poorly-laminated, poorly-indurated, 
friable ................................................................................................................................... 28 6480 

55. Sandstone, grayish-pink 5R7/2, fine-grained, wavy-bedded, moderately well-
indurated, tracks on surface .................................................................................................. 13 6452 

54. Interbedded sandstone and sandy mudstone, medium grayish-red 10R5/2, 
sandstone beds 15-30 cm thick, rippled- and wavy-bedded, with mudcracks 
moderately well-indurated, separating 2-5 cm intervals of friable sandy mudstone 
bed.  At 45 cm above base laterally extensive dinosaur track horizon on top of 
hill just to east of Fossil Ridge Middle School is the LDS tracksite dominated by 
Grallator with rare Eubrontes and Batrachopus and to south on the north side of 
Mall Drive was the Mall Drive tracksite with abundant Grallator tracks now 
destroyed by construction (Williams and others, 2006).  Silicified red ostracods 
were very common at the Mall Drive Tracksite and coprolites, fish debris, and 
even articulated fishes are found on and just below tracks at LDS Tracksite ...................... 65 6439 

53. Sandstone, grayish-pink 5R7/2, fine-grained, wavy bedded, moderately well 
indurated ............................................................................................................................... 12 6374 

52. Interbedded sandstone and sandy mudstone, medium grayish-red 10R5/2, 
sandstone beds 15-30 cm thick, rippled- and wavy-bedded,, with mudcracks 
moderately well indurated, separated by 2-5 cm intervals of friable sandy 
mudstone; fish debris, scales, bone  fragments, and coprolites are very common 
within this unit. Grallator tracks at 43, 67, and 102 cm above unit base and 
abundant bone fragments and fish scales at 40 and 91 cm above base of unit, 
Skolithos burrows at 0.67 m above and near base of unit .................................................. 134 6362 

51. Sandstone, pale reddish-brown 10R5/4, fine-grained, ripple cross-bedded, 
moderately well-indurated, mudcracks on top, Grallator tracks at base. ............................ 55 6228 

50. Sandstone, moderate reddish-orange 10R6/6, fine-grained, ripple cross-bedded, 
major partings at 10-40 cm, moderately indurated............................................................. 140 6173 

49. Sandy mudstone, moderate reddish-orange 10R6/6, friable .............................................. 150 6033 
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48.  Sandstone, moderate reddish-orange 10R6/6, fine-grained, ripple cross-bedding, 
divided into layers 10-25 cm thick by mudstone partings, well indurated, tool 
marks and flutes on soles of beds ......................................................................................... 84 5883 

47.  Shaly mudstone, moderate reddish-brown 10R4/6, moderately-laminated, friable 
few scattered 2-3 cm beds of finely-laminated sandstone .................................................. 125 5799 

46. Sandstone, medium reddish brown 10R6/4, medium- to coarse-grained, ripple 
cross-bedding, divided into four well-indurated, principle sandstone layers 
separated by mudstone partings, mudcracks and dinosaur tracks on all 4 major 
surfaces (Stewart-Walker Tracksites 1-4), mostly Eubrontes, Kayentapus, with 
Anoemepus and Grallator with rare Exocampe, Batrachopus, and Undichna (fish 
swim trails),  rooting, mudcracks about 40 cm deep extend down into underlying 
unit 44.  Exposures of this same interval exposed 50 m to south exhibit cut and 
fill relationships between sandstone layers. Traced in outcrop for more than 200 
m, the entire unit pinches out to the south ............................................................................ 65 5674  

45.  Shaly mudstone, moderate reddish-brown 10R4/2, moderately-laminated, friable, 
ostracods, conchostracans, fish debris .................................................................................. 70 5609 

44. Sandstone, light greenish-gray 5GY8/1, very fine grained, mica flakes ................................ 2 5539 
43.  Shale, medium reddish-purple 5RP5/2, with few thin siltstone laminae, well-

laminated, sandy at base with abundant mica flakes, ostracods, fish debris ........................ 45 5537 
42. Sandstone, light greenish-gray 5GY8/1, very fine grained, highly micaceous ...................... 3 5492 
41. Shale, pale reddish-purple 5RP6/2, with few thin siltstone layers, well-laminated, 

sandy at base with abundant mica flakes, ostracods, fish debris .......................................... 52 5489   
40. Sandstone, pale pink 5RP8/2 stained moderate red 5R4/6, fine-grained, internally 

climbing ripple cross-bedding, base of unit (“main  track  layer”)  with prominent 
flutes exposing triclinic salt casts and preserving Eubrontes, Grallator, and rare 
Anomoepus tracks, locally abundant theropod swim tracks, cutting out deep 
mudcracks and Eubrontes tracks, parting at 20 cm above base (“split   layer”)  
preserves abundant Grallator tracks with rarer Eubrontes, and abundant tool 
marks, upper parting formed of erosive megaripples locally cutting out entire unit 
overlain by 20 cm of thin rippled sandstone layers 2-4 cm thick preserving a 
variety of other sedimentary structures and four dinosaur horizons with 
Grallator, Eubrontes, Anomoepus and crocodylomorph (Batrachopus) tracks 
(“top  surface  tracksite”). The top surface tracksite also preserves rill marks, load 
casts, plant impressions (Pagiophyllum and Equisetum), symmetrical ripple 
marks, current ripples, invertebrate trackways, red chert concretions, rare fish 
scales (oldest vertebrate body fossils at SGDS), rain drop impressions, microbial 
mats. This is the main track-bearing unit (Johnson Farm Sandstone bed; Milner 
and Spears, 2007; Milner and others 2012) preserved in situ within the SGDS 
exhibits facility (Milner and others, 2006a, b; Kirkland and Milner, 2006) ........................ 70 5437 

39. Claystone, moderate red-brown 10R4/6, laminated, friable, stromatolitic layer 1-
3 cm thick at about 5 cm below top in some exposures.  ..................................................... 15 5367 

38. Sandstone and mudstone, moderate red-brown 10R5/6, fine grained, calcareous, 
carbonate nodules up to 25 cm across cored by red chert, laterally bed may take  
form of stromatolites partially replaced by layers of red chert ............................................ 14 5352 

37. Mudstone, moderate red-brown 10R4/6, laminated, friable ................................................ 13 5338 
36. Sandstone, pale red-brown 10R5/4, fine-grained, climbing ripple cross-bedding, 

well-indurated, thickens to 30 cm in places, flutes and poorly preserved 
Eubrontes tracks at base. Laterally exposures indicate that this bed replaced by 
sandy limestone, light gray N7, stromatolite layer, wavy bedding ...................................... 12 5325 
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35. Mudstone with thin siltstone and shale layers, moderate red-brown 10R4/6, 
laminated, friable, carbonate nodules extend up to 1 m laterally cored by red 
chert. ..................................................................................................................................... 13 5313 

34.  Sandstone, pale red brown 10R5/4, medium-grained, climbing ripple cross-
bedding, well-indurated. Laterally exposures indicate that this bed replaced by 
sandy limestone, light gray N7, stromatolite layer, wavy bedding ........................................ 9 5300 

 
Total Whitmore Point Member ......................................................................................................  1937 
 
Dinosaur Canyon Member of Moenave Formation 
 
33.  Mudstone with thin siltstone and shale layers, moderate red-brown 10R4/6, ripple 

cross-bedded and laminated, friable; this interval is a better indurated muddy 
sandstone bed on the southeast side of road at the SGDS facility. .................................... 106 5291 

32. Sandstone, pale red-brown 10R5/4, medium-grained, well-indurated, climbing 
ripple cross-bedding, also includes laterally thinning and thickening tough cross-
bedded units particularly toward the top, angular mudstone clasts at partings 
every 20-80 cm, thickest toward middle, ledge former.   Excavation   at   Walt’s  
Quarry #1 across Riverside Drive to west of SGDS facility exposed two dinosaur 
track horizons; one at 102 cm below the top, of the unit and another better 
horizon at 175 cm below the top which yielded the single 26.5 ton block (SGDS 
568) exhibited in the SGDS facility. Farther to the southwest at 67 cm below the 
top of the unit, a track matching that of SGDS 568 was   excavated   at  Walt’s  
Quarry #2 in several sections and reassembled on the south wall of the SGDS 
facility (SGDS 567). These extraordinary monolith surfaces are dominated by 
Grallator with rare Eubrontes, Batrachopus, and Undichna (fish swim trails). 
They also preserve current ripples, small mudcracks, local rain drop impressions, 
invertebrate burrows, and grazing trails. ............................................................................ 259 5185 

31. Interbedded fine-grained sandstone, siltstone, and silty shale, moderate red-
brown 10R3/6, ripple cross-bedded, friable ....................................................................... 102 4926 

30. Sandstone, dark yellowish-orange 10YR 6/6, coarse-grained, abundant clay 
clasts, mica flakes, and plant fragments, some plant fragments replaced by 
malachite. Saintgeorgia jensenii, Milnerites planus, Clathropteris sp., Equisetum 
sp., Araucarites stockeyi, Podozamites sp. were described from this bed by 
Tidwell and Ash (2006) in their paper on the first recorded flora in the Moenave 
Formation ............................................................................................................................. 18 4824  

29. Sandstone, pale red brown 10R5/4, medium-grained, climbing ripple cross-
bedding, and some trough cross-bedding, well-indurated, angular mudstone clasts 
at parting dividing the unit and at base .............................................................................. 185 4806  

28. Sandy mudstone, moderate red-brown 10R4/6, friable ........................................................ 25 4621 
27. Sandstone, pale red-brown 10R5/4, fine- to medium-grained, trough cross-

bedded, well-indurated, forms lens 10 m across .................................................................. 30 4596 
26.  Sandy mudstone, moderate red-brown 10R6/4, friable ........................................................ 71 4566 
25. Sandstone, pale red-brown 10R5/4, fine- to medium-grained, climbing ripple 

cross-bedding, and some trough cross-bedding in lower part representing 
megaripples, well-indurated, angular mudstone clasts at base, cliff formerly 
capping much of Jensen Ridge, mudstone partings divides cosets at scales of 
meters at base, thinning to 50-20 cm at top of unit ............................................................ 425 4495  

24. Sandy mudstone, moderate red-brown 10R6/4, friable ........................................................ 68 4070  
23. Sandstone, pale red-brown 10R5/4, fine-grained, ripple cross-bedded, well 

indurated ............................................................................................................................... 21 4002 
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22. Sandy mudstone, moderate red-brown 10R4/6, friable, slope former ................................. 47 4139 
21. Sandstone, pale red-brown 10R5/4, fine-grained, ripple cross-bedded, well 

indurated ................................................................................................................................. 5 3955 
20. Sandy mudstone, moderate red-brown 10R6/4, friable, slope former ............................... 146 3050 
19. Sandstone, pale red brown 10R5/4, medium-grained, well-sorted, trough cross-

bedded, four main cosets 50-70 cm thick, top 10-15 cm ripple cross-bedded, 
formed a prominent bench on south end of Jensen Ridge .................................................. 251 3804 

18. Interbedded sandstone and siltstone, medium orange- brown 10R4/6, bedded at 
4-8 cm, fine-grained sandstone, ripple cross-bedded, scattered gypsum nodules 
less than 5 cm across, sharp base marked by large medium-grained sandstone 
filled mudcracks extending 50 cm down into unit 17. This unit marks the base of 
the upper sandstone interval ............................................................................................... 114 3553 

17. Mudstone, moderate red-brown 10R3/6, some floating sand grains, friable ..................... 396 3439 
16. Sandy mudstone, moderate red-brown 10R4/6, scattered siltstone laminae, 

moderately- to poorly-laminated, friable, scattered gypsum nodules less than 5 
cm across in clusters, common selenite veins filling numerous fractures at high 
angle,  up to 10 cm discontinuous ripple cross-bedded sandstone near middle of 
unit and at top ..................................................................................................................... 112 3043 

15. Interbedded sandstone and sandy mudstone, moderate red-brown 10R4/6, fine-
grained sandstone, ripple cross-bedded, platy, moderately well-indurated .......................... 39 2931 

14. Sandy mudstone, moderate red-brown 10R4/6, scattered siltstone laminae, 
moderately to poorly laminated, friable, scattered gypsum nodules less than 5 cm 
across in clusters, common selenite veins filling numerous fractures at high angle ............ 90 2892 

13. Interbedded sandstone and siltstone, medium orange-brown 10R6/4, bedded at 4-
8 cm, fine-grained sandstone, ripple cross-bedded, scattered gypsum nodules less 
than 5 cm across, some diagenetic gypsum layers along bedding, feathers out into 
mudstone about 50 m north .................................................................................................. 55 2802 

12. Sandstone, medium orange-brown 10R6/4, fine-grained, medium trough cross-
bedded and ripple cross-bedded, platy, well indurated, feathers out into mudstone 
about 50 m north .................................................................................................................. 38 2747   

11. Interbedded sandstone and siltstone, medium orange-brown 10R6/4, bedded at 4-
8 cm, fine-grained sandstone, ripple cross-bedded, scattered gypsum nodules less 
than 5 cm across, some diagenetic gypsum layers along bedding, feathers out into 
mudstone about 50 m north .................................................................................................. 74 2709 

10.  Sandstone, medium orange-brown 10R6/4, fine grained, medium trough cross-
bedded and ripple cross-bedded, platy, well-indurated, feathers out into mudstone 
about 50 m north, fills mudcracks at base ............................................................................ 38 2635 

9. Mudstone, medium red-brown 10R4/6, abundant floating sand grains, some thin,  
<1cm very fine-grained sandstone layers, moderately to poorly laminated, friable, 
scattered gypsum nodules less than 5 cm across .................................................................. 28 2597 

8. Sandstone, medium orange-brown 10R6/4, fine-grained, ripple cross-bedded, 
platy, moderately well indurated .......................................................................................... 16 2569 

7. Siltstone to very fine-grained sandstone, pinkish-gray 5YR8/1, moderately well-
laminated, moderately indurated .......................................................................................... 15 2553 

6. Sandy mudstone, light greenish-gray 5GY8/1, friable ......................................................... 18 2538 
5. Mudstone, dark red-brown 10R4/6, abundant floating sand grains, scattered 

siltstone laminae, moderately- to poorly-laminated, friable, scattered gypsum 
nodules less than 5 cm across, common selenite veins filling numerous fractures 
at high angle, root traces in upper part ............................................................................... 323 2520 

4. Sandy mudstone, light greenish-gray 5GY8/1, friable ........................................................... 5 2197 
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3. Mudstone, dark red-brown 10R4/6, abundant floating sand grains, scattered light 
greenish-gray 5GY8/1 siltstone and very fine-grained sandstone beds 1-3 cm 
thick, moderately- to poorly-laminated, friable, scattered gypsum nodules less 
than 10 cm across, common selenite veins filling numerous fractures at high 
angle. Poorly exposed, unit measured north across River Drive with overlapping 
marker beds at top (units 4-8) used to correlate to base of Jensen Ridge east of 
SGDS ( 12S 274734 E 410884 N) . ................................................................................. 2090 2192 

2. Sandy mudstone with lenses of conglomerate, mottled pale red 5R5/6 and light 
greenish-gray 5GY/1, pebbles 1-3 cm of gypsum and chert, unconsolidated ...................... 82 102 

1. Conglomerate, light greenish-gray 5GY8/1, pebbles 1-3 cm of gypsum, mudstone 
clasts, and chert, 10-20 cm of relief at base, unconsolidated ............................................... 20 20 

 
Total Dinosaur Canyon Member ....................................................................................................  5291 
 
TOTAL MOENAVE FORMATION .............................................................................................  7238 
 
CHINLE FORMATION:  Mudstone, Pale red-purple 5RP6/2, abundant botryoidal 

gypsum nodules up to 20 cm across, selenite veins filling numerous fractures at 
high angle, pebbles from basal Moenave conglomerate were recognized in 
fracture fillings and the surface was interpreted as representing a gypcrete at 
the top of the Chinle Formation (Milner and others, 2012). .............................................. NM 

 
NM=not measured 
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APPENDIX B 
 
 
Mouth of Potter’s Canyon 
Section measured by James I. Kirkland and Andrew R.C. Milner, Dec. 6-7, 2012, and April 5, 2013. 
Measured up south face of escarpment on west side of mouth of Potter Canyon. 
850 (NAD83UTM 12: 0335741 easting, 4083258 northing) dip 3° north.  Reference section for Whitmore 
Point Member of Moenave Formation is approximately 1.3 miles northwest of Wilson’s (1967) type 
section on the western side of the Kanab Paiute Indian Reservation. Based on bore holes for 
paleomagnetic sampling, section identified as the same section as that measured by Donohoo-Hurley 
and others (2010). However based on the coordinates given by Lucas and Tanner (2011) their 
Potters Canyon Section was 1.38 miles west of this section. 
 
DESCRIPTION THICKNESS (cm) 
 Interval Total 
Springdale Sandstone Member of KAYENTA FORMATION (not measured) 
 
82. Conglomeratic sandstone, pale reddish-brown 10R 5/4, major cliff former, trough 

cross-bedded, sets 2-50 cm thick at base to about one meter thick up section. 
Lenses with abundant, angular red mudstone clasts up to 10 cm near base of 
member, erosional base with meters of relief over distances of 10s of meters cuts 
out several fine-grained sandstone beds at top of Whitmore Point Mbr. to east. The 
type locality (New Mexico Museum of Natural History locality 7735) of the 
basal Jurassic conchostracans Bulbilimnadia killianorum (Kozur and Weems, 2010; 
Lucas and others, 2011) occurs almost 500 m to west. The Springdale Sandstone is 
interpreted to have cut out the several meters of the upper part of the Whitmore 
Point Member at this locality removing the interval from which those 
conchostracans were recovered... .......................................................................................... NM 

 
Whitmore Point Member of MOENAVE FORMATION  
 
81. Silty mudstone, grayish-red 10Y4/2, earthy, friable, cut out completely to west, 

maximum observed thickness laterally about 1 m.  ................................................................. 25 2650 
80. Sandstone and siltstone, pale red 10 R 6/2 with streaks of light yellowish green 

10Y8/2, fine-grained, well sorted, forms moderately indurated ledge with parting 
@ 10 cm apart, invertebrate burrows to 0.5 cm in diameter. .................................................. 29 2625 

79. Silty shale, light greenish-gray 5GY8/1, bedding indistinct, friable ......................................... 4 2596 
78. Siltstone pale red-purple 5RP6/2, hard, slightly calcareous, laminated, divided into 

sets of @ 10 cm, top of unit irregular in cross-section (cross-sections of dinosaur 
tracks), preserves fossil fish. ................................................................................................... 35 2792 

77. Silty shale to siltstone, pale red-purple 5RP6/2, soft, friable, laminated ................................. 18 2557 
76. Siltstone to very fine-grained sandstone, pale purple 5P6/2, well-indurated, had 

been sampled for paleomag ..................................................................................................... 13 2538 
75. Interbedded silty shale and fine-grained sandstone, pale greenish-yellow 10Y8/2, 

ripple- and wavy-bedded, less sand and more poorly indurated toward top, friable ............... 13 2525 
74.  Silty shale, gray-red 10R5/2 soft and friable. .......................................................................... 14 2513 
73. Siltstone, pale red 10R6/2, somewhat shaly, moderately indurated .......................................... 4 2499 
72. Silty shale, gray-red, 10R4/2, friable ......................................................................................... 8 2495 
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71. Siltstone, pale red 10R6/2, somewhat shaly, moderately indurated, split by shaly 
partings 4-5 cm, capped by 0.5-1 cm stromatolitic carbonate layer ........................................ 14 2487 

70. Silty shale, grayish-red, 10R4/2, friable, capped by 0.5-1 cm stromatolitic 
carbonate layer ........................................................................................................................ 18 2473 

69. Sandstone, fine-grained, moderate orange-pink 10R7/4 ........................................................... 6 2455 
68. Silty shale, gray-red, 10R4/2, friable, filling irregular surface on unit 67 up to 10 

cm deep...................................................................................................................................... 3 2449 
67. Sandstone, fine-grained, moderate orange-pink 10R7/4, irregular, angular vugs in 

upper part about 5 cm in diameter that at top of unit make for an irregular upper 
contact, poorly laminated, shaly parting about 10 cm above base, preserves ganoid 
fish scales. ............................................................................................................................... 41 2446 

66. Shale to silty shale, gray-red, 10R4/2 with streaks of very pale green 10G8/2 
toward base of unit, friable, finely laminated, some very light gray N8, 
discontinuous layers of granular chert  .................................................................................... 35 2405 

65. Interbedded silty shale and fine-grained, platy, sandstone, pale greenish-yellow 
10Y8/2 stained moderate yellowish orange 10YR 7/6, ripple- and wavy-bedded, 
silty shale, friable .................................................................................................................... 23 2370 

64. Interbedded silty shale and siltstone, pale red 10R6/2 with layers of light green 
10G7/2, well laminated, preserves fossil fish. ......................................................................... 31 2347 

63. Silty shale light brownish-gray 5YR6/1 with some streaks of light green 10G7/2, 
well laminated, ........................................................................................................................ 31 2316 

62. Sandstone, very light olive-gray 5Y7/1, fine-grained, ripple-bedded, well indurated .............. 6 2285 
61. Interbedded silty shale and siltstone, pale red 10R6/2 ............................................................. 14 2279 
60. Silty shale to mudstone, grayish-red, 10R4/2, moderately to poorly laminated, 

friable, preserves fossil fish. .................................................................................................... 12 2265 
59. Interbedded silty shale and siltstone, pale red 10R6/2, individual beds are about 0.5 

cm thick ................................................................................................................................... 10 2253 
58. Interbedded sandy shale and fine-grained sandstone, very light olive-gray 5Y7/1, 

platy, forms hard ledge, ripple cross-bedded ........................................................................... 12 2243 
57. Interbedded silty shale and siltstone, pale red-purple 10RP6/2, with scattered pale 

green layers 5G7/2, individual beds are about 0.5 cm thick, platy .......................................... 48 2231 
56. Siltstone, pale red 10R6/2, unbedded, moderately indurated, had been drilled for 

paleomag ................................................................................................................................... 6 2183 
55. Interbedded silty shale and siltstone, pale red 10R6/2, siltstone dominant, 

individual beds are about 0.5 cm thick, platy, moderately well indurated .............................. 18 2177 
54. Interbedded silty shale and siltstone, pale red 10R6/2 with scattered pale green 

layers 5G7/2, individual beds are about 1-2 cm thick, platy, moderately indurated, 
fine- to medium-grained sandstone beds about 1 cm thick about every 8-10 cm ................... 58 2159 

53. Sandstone, moderate yellowish brown 10YR5/4, fine-grained, fairly structureless, 
moderately well indurated, sharp, flat upper contact, irregular lower contact with 5-
8 cm of relief, had been drilled for paleomag, pretty distinct marker bed .............................. 48 2101 

52. Interbedded silty and sandy shale with 0.5-1 cm sandstone layers above 25 cm, 
light brown 5YR5/6 better bedding in upper part, friable. ...................................................... 45 2053 

51 Sandstone, dark yellowish orange 10YR6/6, fine-grained, nearly structureless, 
moderately well indurated ....................................................................................................... 11 2008  

50. Siltstone to sandy mudstone, dark yellowish orange 10YR6/6, poorly bedded, 
poorly to moderately indurated ............................................................................................... 45 1997 

49. Sandstone, dark yellowish orange 10YR6/6, fine grained, nearly structureless, 
moderately well indurated ....................................................................................................... 13 1952 

48.  Siltstone to sandy mudstone, dark yellowish orange 10YR6/6, poorly bedded, 
poorly to moderately indurated ............................................................................................... 14 1939 
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47.  Sandstone, dark yellowish-orange 10YR6/6, fine-grained, nearly structureless, 
moderately well indurated ....................................................................................................... 12 1925 

46. Interbedded sandy mudstone and fine-grained sandstone, dark yellowish-orange 
10YR6/6, platy, fish and one unidentified bone fragment. ..................................................... 20 1913 

45.  Sandy mudstone, grayish-red, 10R4/2, poorly indurated  ....................................................... 13 1893 
44. Sandstone, light brown 10YR6/4, fine-grained, divided into four main beds of 

about equal thickness. Fresh rock appears to be nearly structureless, climbing ripple 
cross-bedding is faintly expressed; weathers platy, overall well-indurated, surface 
between first and second beds appears to preserve load structures. ...................................... 130 1880 

43. Sandy mudstone, light brown 10YR6/4, micaceous clay partings, moderately 
indurated, fish are preserved in red carbonate nodules ........................................................... 34 1790 

42. Sandy mudstone, light brown 10YR6/4, mica flakes, poorly indurated, friable, 
common fish debris (scales and bones) ................................................................................... 70 1756 

41. Muddy fine-grained sandstone, light brown 10YR6/4, few small carbonate nodules, 
had been drilled for paleomag, fish debris (scales and bones) .................................................. 9 1686 

40. Sandy mudstone, grayish-red, 10R4/2, poorly-bedded, some silty mudstone 
intervals, mica flakes, poorly indurated, friable, common fish scales in lower part, 
ostracods near middle of unit. ................................................................................................. 98 1677 

39.  Sandstone, pale red 10R6/2, fine- to medium-grained, ripple cross-bedded, distinct 
beds at 8-10 cm intervals separated by mudstone partings with clay chips and 
mudcracks; these individual beds thicken, thin, pinch out, and/or are replaced by 
adjoining beds over distances of 100 m or so as noted in Tanner and Lucas 
(2009b). Well indurated ledge former, dinosaur tracks on partings include 
Anomoepus and Grallator; the traces Palaeophycus and Skolithos also present. ................... 41 1589 

38. Mudstone, pale reddish-brown 10R5/4, poorly bedded and indurated, penetrated by 
sandstone-filled mudcracks extending down from overlying unit. ......................................... 33 1548 

37. Sandstone, moderate reddish-brown 10R6/4, fine- to very fine-grained 
structureless, moderately indurated, weathers into blocks about 20-30 cm across. ................ 42 1515 

36.  Silty to sandy mudstone, pale reddish-brown 10R5/4, poorly bedded and indurated, 
penetrated by sandstone-filled mudcracks extending down from overlying unit. ................... 11 1473 

35. Sandstone, pale red 10R6/2, fine- to medium-grained, ripple cross-bedded, platy, 
well indurated ledge former..................................................................................................... 16 1462 

34. Sandstone, moderate reddish-brown 10R6/4, fine- to very fine-grained 
structureless, moderately indurated, weathers blocky ............................................................. 20 1446 

33. Silty mudstone, pale reddish-brown 10R5/4, poorly bedded and indurated, fish 
debris ....................................................................................................................................... 64 1426 

32. Sandstone, pale red 10R6/2, medium-grained, ripple cross-bedded, platy, well 
indurated ledge-former, mud cracks ........................................................................................ 12 1362 

31. Silty to sandy mudstone, pale reddish brown 10R5/4, poorly bedded and indurated, 
fish debris, ostracods, mica grains, mudcracks ....................................................................... 24 1350 

30.  Lenticular sandstones, light brown 5YR6/4, fine- to medium-grained, trough cross-
bedded, bleached to grayish orange pink !0R8/2 with some root traces on top. 
Sandstone lenses at this level described in detail by Tanner and Lucas (2009b). The 
sandstone in the measured section pinches out in a few meters to the east and 
thickens to several meters to the west, cutting down as far as to unit 20, before 
thinning and pinching out in a couple of tens of meters. Several large sandstone 
lenses are exposed along this level in the area, with some exhibiting large scale 
convolute bedding, local cliff-former. ..................................................................................... 18 1326 

29. Sandstone, pale olive 10Y6/2, fine-grained, well laminated, cut out by unit 30 to 
west. ......................................................................................................................................... 14 1308 
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28. Silty shale, grayish-red, 10R4/2, well laminated, poorly indurated, cut out by unit 
30 to west................................................................................................................................. 80 1293 

27. Shaly packstone, olive-gray 5Y5/1, shell supported coquina of conchostracan and 
ostracod shells, cut out by unit 30 to west ................................................................................. 2 1213 

26. Calcareous shale, olive gray 5Y4/1, well laminated, poorly indurated, abundant 
ostracods, cut out by unit 30 to west. ...................................................................................... 11 1211 

25. Micaceous siltstone, light olive-gray 5Y7/1, finely laminated; attempt at dating 
zircons revealed micas are sourced from the Upper Triassic Chinle Formation, cut 
out by unit 30 to west. ............................................................................................................... 7 1200 

24. Calcareous shale, olive-gray 5Y4/1, abundant ostracods, cut out by unit 30 to west. ............. 61 1193 
23. Calcareous shale, olive-gray 5Y4/1, well laminated, poorly indurated, highly 

fossiliferous, nearly forming a packstone, abundant ostracods and conchostracans, 
with common fish debris (scales and bones), cut out by unit 30 to west ................................ 10 1132 

22. Calcareous shale, olive-gray 5Y4/1, abundant ostracods, cut out by unit 30 to west.. ............ 14 1122 
21. Limestone, stromatolite layer, light gray N7, wavy, cut out by unit 30 to west ........................ 3 1108 
20. Calcareous shale, dark olive-gray 5Y3/1, well laminated, poorly indurated, 

ostracods, conchostracans, fish debris (scales and bones), and fine plant fragments; 
only known unit that produces pollen in the Whitmore Point Member. 
Palynomorph sample described by Cornet and Waanders (2006) was collected from 
this unit. ................................................................................................................................... 86 1105 

19. Mudstone, light greenish-gray 5GY7/1, slightly sandy, moderately indurated, 
poorly laminated ...................................................................................................................... 12 1017 

18.  Silty shale, grayish-red, 10R4/2, moderately laminated, poorly indurated ............................. 24 1005 
 
Total Whitmore Point Member ......................................................................................................  1669 
 
Dinosaur Canyon Member of MOENAVE FORMATION  
 
17. Sandstone, dusky yellow 5Y6/4 with the center pale red 10R6/2, fine-grained, 

splits into three sets of platy ripple cross-bedded sandstone, well indurated, forming 
a marker bed locally ................................................................................................................ 37 981   

16. Sandstone, dusky yellow 5Y6/4, very fine- to fine-grained, climbing ripple cross-
bedding, poorly indurated ........................................................................................................ 58 944 

15. Sandstone, dusky yellow 5Y6/4, fine-grained, ripple cross-bedded, platy, well 
indurated .................................................................................................................................. 18 886 

14. Sandstone, dusky yellow 5Y6/4, very fine-grained, climbing ripple cross-bedding, 
poorly indurated ...................................................................................................................... 22 868 

13. Sandstone, pale red 10R6/2, very fine- to fine-grained, platy, ripple cross-bedded 
sandstone, moderately well indurated, top 5-6 cm is well indurated ..................................... 110 846 

12. Sandstone, pale red 10R6/2, fine- to medium-grained, ripple cross-bedded, platy, 
well indurated .......................................................................................................................... 11 736 

11. Sandstone, pale red 10R6/2, very fine-grained, platy, ripple cross-bedded 
sandstone, moderately indurated ............................................................................................. 51 725 

10.  Sandstone, pale red 10R6/2, very fine-grained, blocky, moderately laminated, 
moderately indurated, root traces with burrows up to 1 cm in diameter ................................. 26 676 

9. Interbedded siltstone and very fine-grained sandstone, grayish red 10R4/2 well 
laminated, blocky, moderately indurated, ............................................................................... 24 650 

8. Sandstone, pale red 10R6/2, very fine-grained, moderately indurated, root traces 
top of unit bleached ................................................................................................................. 11 626 

7.  Interbedded siltstone and very fine-grained sandstone, pale red 10R6/2, well 
laminated, moderately indurated ............................................................................................. 10 615 
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6. Sandstone, pale red 10R6/2, very fine-grained, moderately indurated ...................................... 7 605 
5. Silty shale, grayish red 10R4/2, moderately laminated, friable, locally scours down 

to as low as unit 2, approximate base of the Whitmore Point Member as defined in 
Tanner and Lucas (2010) ........................................................................................................... 7 598 

4. Siltstone to very fine-grained sandstone, pale red 10R6/2 to medium reddish brown 
10R5/6, well laminated to wavy bedded, moderately indurated, blocky, unit 
bleached yellowish gray 5Y8/1 at top.. ................................................................................... 53 591  

3.    Interbedded silty shale and sandstone, grayish red 10R4/2, moderately laminated, 
friable......................................................................................................................................... 6 546 

2. Sandstone, pale red 10R6/2, coarse-grained, floating chert grains to 3 mm, 
abundant mica flakes ............................................................................................................... 12 540 

1.` Sandstone, medium reddish brown 10R5/6, fine-grained, well-sorted, ripple drift-
laminated, but bedding is obscure; forms single rounded cliff at top of main 
sandstone interval in Dinosaur Canyon Member; top of unit bleached when 
overlain by unit 7, lower contact with as much as 0.5 m of relief laterally ........................... 236 528 

0. Sandstone, medium reddish brown 10R5/6, fine- to medium-grained ripple and 
trough cross-bedded, interbeds of muddy sandstone, beds moderately to moderately 
well indurated, forms a series of ledges and slopes arising from vegetated base of 
exposed section .................................................................................................................... <292 

Total measured Dinosaur Canyon Member ..................................................................................  981 
 
 
 
 


