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�
:HQG\�&URRN�
.HOOHU�:LOOLDPV�6XFFHVV�5HDOW\�
�����6RXWK������(DVW�
6RXWK�2JGHQ��8WDK�
�
68%-(&7���� *HRORJLF�+D]DUGV�5HFRQQDLVVDQFH�
� � 6LOYHU�%HOO�(VWDWHV�/RW����
� � 1RUGLF�9DOOH\�'ULYH�DQG�9LNLQJ�'ULYH�

(GHQ��:HEHU�&RXQW\��8WDK�
�
�

'HDU�0V��&URRN��
�
7KLV�UHSRUW�SUHVHQWV�UHVXOWV�RI�DQ�HQJLQHHULQJ�JHRORJ\�DQG�JHRORJLF�KD]DUGV�UHYLHZ�DQG�
HYDOXDWLRQ�FRQGXFWHG�E\�:HVWHUQ�*HR/RJLF��//&��:HVWHUQ�*HR/RJLF��IRU�/RW����LQ�WKH�6LOYHU�
%HOO�(VWDWHV�6XEGLYLVLRQ�LQ�XQLQFRUSRUDWHG�:HEHU�&RXQW\��8WDK��8WDK��)LJXUH���±�3URMHFW�
/RFDWLRQ����7KH�3URMHFW�FRQVLVWV�RI�D�����DFUH�SDUFHO�LGHQWLILHG�DV�:HEHU�&RXQW\�$VVHVVRU¶V�
SDUFHO�QXPEHU���������������7KH�SDUFHO�LV�QRW�FXUUHQWO\�DGGUHVVHG��EXW�LV�VRXWKHDVW�RI�WKH�
LQWHUVHFWLRQ�RI�1RUGLF�9DOOH\�DQG�9LNLQJ�'ULYHV����7KH�VLWH�LV�DW�WKH�HDVWHUQ�EDVH�RI�WKH�:DVDWFK�
5DQJH��DW�WKH�VRXWKHUQ�HQG�RI�1RUGLF�9DOOH\�RQ�WKH�QRUWKZHVWHUQ�PDUJLQ�RI�2JGHQ�9DOOH\�LQ�WKH�
6(����6HFWLRQ�����7RZQVKLS���1RUWK��5DQJH���(DVW��6DOW�/DNH�%DVH�/LQH�DQG�0HULGLDQ��)LJXUH�
�����(OHYDWLRQ�RI�WKH�VLWH�UDQJHV�IURP�DERXW�������IHHW�WR�������IHHW�DERYH�VHD�OHYHO���,W�LV�RXU�
XQGHUVWDQGLQJ�WKDW�WKH�SURSHUW\�LV�FXUUHQWO\�SDUW�RI�UHDO�HVWDWH�WUDQVDFWLRQ�DQG�WKHUH�DUH�FXUUHQWO\�
QR�IRUPDOL]HG�GHYHORSPHQW�SODQV��
�
�
385326(�$1'�6&23(�
�
7KH�SXUSRVH�DQG�VFRSH�RI�WKLV�LQYHVWLJDWLRQ�LV�WR�LGHQWLI\�DQG�LQWHUSUHW�VXUILFLDO�JHRORJLF�
FRQGLWLRQV�DW�WKH�VLWH�WR�LGHQWLI\�SRWHQWLDO�ULVN�IURP�JHRORJLF�KD]DUGV�WR�WKH�3URMHFW���7KLV�
LQYHVWLJDWLRQ�LV�LQWHQGHG�WR������SURYLGH�SUHOLPLQDU\�JHRORJLF�LQIRUPDWLRQ�DQG�DVVHVVPHQW�RI�
JHRORJLF�FRQGLWLRQV�DW�WKH�VLWH������LGHQWLI\�SRWHQWLDO�JHRORJLF�KD]DUGV�WKDW�PD\�EH�SUHVHQW�DQG�
TXDOLWDWLYHO\�DVVHVV�WKHLU�ULVN�WR�WKH�LQWHQGHG�VLWH�XVH��DQG�����SURYLGH�UHFRPPHQGDWLRQV�IRU�
DGGLWLRQDO�VLWH��DQG�KD]DUG�VSHFLILF�VWXGLHV�RU�PLWLJDWLRQ�PHDVXUHV��DV�PD\�EH�QHHGHG�EDVHG�RQ�
RXU�ILQGLQJV���6XFK�UHFRPPHQGDWLRQV�FRXOG�UHTXLUH�IXUWKHU�PXOWL�GLVFLSOLQDU\�HYDOXDWLRQV��DQG�RU�
PD\�QHHG�GHVLJQ�FULWHULD�WKDW�DUH�EH\RQG�RXU�SURIHVVLRQDO�VFRSH��1R�KD]DUG�VSHFLILF�HYDOXDWLRQV�
RU�VXEVXUIDFH�H[SORUDWLRQ�ZHUH�FRQGXFWHG�IRU�WKLV�UHSRUW�RU�ZLWKLQ�WKH�VFRSH�RI�RXU�VWXG\��
�
7KH�IROORZLQJ�VHUYLFHV�ZHUH�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�WKH�DERYH�VWDWHG�SXUSRVH�DQG�VFRSH��
�

x� $�VLWH�UHFRQQDLVVDQFH�FRQGXFWHG�E\�DQ�H[SHULHQFHG�FHUWLILHG�HQJLQHHULQJ�JHRORJLVW�WR�
DVVHVV�WKH�VLWH�VHWWLQJ�DQG�ORRN�IRU�DGYHUVH�JHRORJLF�FRQGLWLRQV��
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x� 5HYLHZ�RI�UHDGLO\�DYDLODEOH�JHRORJLF�PDSV��UHSRUWV��DQG�DLU�SKRWRV��DQG��
�
x� (YDOXDWLRQ�RI�DYDLODEOH�GDWD�DQG�SUHSDUDWLRQ�RI�WKLV�UHSRUW��ZKLFK�SUHVHQWV�WKH�UHVXOWV�RI�

RXU�VWXG\��
�
7KH�HQJLQHHULQJ�JHRORJ\�VHFWLRQ�RI�WKLV�UHSRUW�KDV�EHHQ�SUHSDUHG�LQ�DFFRUGDQFH�ZLWK�%RZPDQ�
DQG�/XQG��������DQG�FXUUHQW�JHQHUDOO\�DFFHSWHG�SURIHVVLRQDO�HQJLQHHULQJ�JHRORJLF�SULQFLSOHV�DQG�
SUDFWLFH�LQ�8WDK��DQG�PHHWV�VSHFLILFDWLRQV�SURYLGHG�LQ�&KDSWHU����RI�WKH�:HEHU�&RXQW\�/DQG�8VH�
&RGH�ZLWKLQ�WKH�DERYH�VWDWHG�VFRSH���:H�GR�QRW�LQFOXGH�GLVFXVVLRQ�RI�UDGRQ�KD]DUG�SRWHQWLDO��DV�
UHFRPPHQGHG�LQ�%RZPDQ�DQG�/XQG���������EHFDXVH�UDGRQ�JDV�SRVHV�DQ�HQYLURQPHQWDO�KHDOWK�
KD]DUG�DQG�LQGRRU�OHYHOV�DUH�KHDYLO\�LQIOXHQFHG�E\�VHYHUDO�SRVW�FRQVWUXFWLRQ��QRQ�JHRORJLF�
IDFWRUV���7KH�KD]DUG�IURP�UDGRQ�VKRXOG�EH�HYDOXDWHG�E\�ORQJ�WHUP�WHVWLQJ�IROORZLQJ�FRQVWUXFWLRQ��
�
�
+<'52/2*<�
�
7KH�8�6��*HRORJLFDO�6XUYH\��86*6��WRSRJUDSKLF�PDS�RI�WKH�+XQWVYLOOH�4XDGUDQJOH�VKRZV�WKH�
VLWH�LV�RQ�WKH�ZHVWHUQ�PDUJLQ�RI�2JGHQ�9DOOH\�RQ�VORSHV�QRUWKHDVW�RI�WKH�PRXWK�RI�3ROH�&DQ\RQ�
&UHHN�RYHUORRNLQJ�WKH�VRXWKHUQ�HQG�RI�1RUGLF�9DOOH\��)LJXUH������3ROH�&DQ\RQ�&UHHN�IORZV�WR�
WKH�QRUWK�DORQJ�WKH�HDVWHUQ�3URMHFW�ERXQGDU\���1RUGLF�9DOOH\�6NL�$UHD�LV�DERXW�����PLOHV�WR�WKH�
QRUWKZHVW���2WKHU�WKDQ�3ROH�&DQ\RQ�&UHHN�RQ�WKH�HDVWHUQ�VLWH�PDUJLQ��QR�DFWLYH�GUDLQDJHV�DUH�
VKRZQ�FURVVLQJ�WKH�VLWH�RQ�)LJXUH����DQG�QR�VSULQJV�RU�VHHSV�ZHUH�REVHUYHG�DW�WKH�VLWH�RU�DUH�
VKRZQ�LQ�WKH�VLWH�DUHD�RQ�)LJXUH����
�
7KH�VLWH�LV�WKH�ZHVWHUQ�PDUJLQ�RI�2JGHQ�9DOOH\�DERXW�����PLOHV�QRUWKZHVW�RI�WKH�QRUWK�DUP�RI�
3LQHYLHZ�5HVHUYRLU���7KH�YDOOH\�ERWWRPV�WR�WKH�HDVW�DUH�GRPLQDWHG�E\�XQFRQVROLGDWHG�ODFXVWULQH�
DQG�DOOXYLDO�EDVLQ�ILOO�GHSRVLWV��ZKHUHDV�VORSHV�ERXQGLQJ�WKH�HDVW�VLGH�RI�1RUGLF�9DOOH\�DUH�LQ�
7HUWLDU\�DJH�WXIIDFHRXV�EHGURFN�DQG�VORSHV�RQ�WKH�ZHVW�DUH�LQ�3DOHR]RLF�0DSOH�&DQ\RQ�
)RUPDWLRQ�EHGURFN���%RWK�EHGURFN�XQLWV�DUH�D�VRXUFH�IRU�QXPHURXV�ODQGVOLGHV�LQ�WKH�DUHD�WKDW�
KDYH�RFFXUUHG�VLQFH�/DWH�3OHLVWRFHQH�WLPH���1R�VLWH�VSHFLILF�JURXQGZDWHU�LQIRUPDWLRQ�ZDV�
DYDLODEOH�IRU�WKH�3URMHFW��EXW�WKH�8WDK�'LYLVLRQ�RI�:DWHU�5LJKWV�:HOO�'ULOOHU�'DWDEDVH�VKRZV�
WKUHH�QHDUE\�ZDWHU�ZHOOV��)LJXUH����ZLWK�UHSRUWHG�GHSWKV�WR�VWDWLF�JURXQGZDWHU�RI����WR����IHHW���
*LYHQ�WKH�DERYH��ZH�DQWLFLSDWH�WKH�GHSWK�WR�JURXQGZDWHU�DW�WKH�3URMHFW�LV�JHQHUDOO\�JUHDWHU�WKDQ�
���IHHW��KRZHYHU��DUHDV�ZLWKLQ����IHHW�RI�3ROH�&DQ\RQ�&UHHN�PD\�KDYH�VKDOORZHU�GHSWKV��DQG�
JURXQGZDWHU�GHSWKV�DW�WKH�VLWH�DOVR�OLNHO\�YDU\�VHDVRQDOO\�IURP�VQRZPHOW�UXQRII�DQG�DQQXDOO\�
IURP�FOLPDWLF�IOXFWXDWLRQV���6XFK�YDULDWLRQV�ZRXOG�EH�W\SLFDO�IRU�DQ�DOSLQH�HQYLURQPHQW���3HUFKHG�
FRQGLWLRQV�DERYH�OHVV�SHUPHDEOH��FOD\�ULFK�EHGURFN�OD\HUV�PD\�DOVR�EH�SUHVHQW�LQ�WKH�VXEVXUIDFH�
WKDW�FRXOG�FDXVH�ORFDOO\�VKDOORZHU�JURXQGZDWHU�OHYHOV��
�
$YHU\��������LQGLFDWHV�JURXQGZDWHU�LQ�2JGHQ�9DOOH\�RFFXUV�XQGHU�SHUFKHG��FRQILQHG��DQG�
XQFRQILQHG�FRQGLWLRQV�LQ�WKH�YDOOH\�ILOO�WR�GHSWKV�RI�����IHHW�RU�PRUH���$�ZHOO�VWUDWLILHG�ODFXVWULQH�
VLOW�OD\HU�IRUPV�D�OHDN\�FRQILQLQJ�EHG�LQ�WKH�XSSHU�SDUW�RI�WKH�YDOOH\�ILOO�DTXLIHU���7KH�DTXLIHU�
EHORZ�WKH�FRQILQLQJ�EHGV�LV�WKH�SULQFLSDO�DTXLIHU��ZKLFK�LV�LQ�SULPDULO\�IOXYLDO�DQG�DOOXYLDO�IDQ�
GHSRVLWV���7KH�SULQFLSDO�DTXLIHU�LV�UHFKDUJHG�IURP�SUHFLSLWDWLRQ��VHHSDJH�IURP�VXUIDFH�ZDWHU��DQG�
VXEVXUIDFH�LQIORZ�IURP�EHGURFN�LQWR�YDOOH\�ILOO�DORQJ�WKH�YDOOH\�PDUJLQV��$YHU\����������7KH�
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FRQILQHG�DTXLIHU�LV�W\SLFDOO\�RYHUODLQ�E\�D�VKDOORZ��XQFRQILQHG�DTXLIHU�UHFKDUJHG�IURP�VXUIDFH�
IORZ�DQG�XSZDUG�OHDNDJH���*URXQGZDWHU�IORZ�LV�JHQHUDOO\�IURP�WKH�YDOOH\�PDUJLQV�LQWR�WKH�YDOOH\�
ILOO��DQG�WKHQ�WRZDUG�WKH�KHDG�RI�2JGHQ�&DQ\RQ��$YHU\����������%DVHG�RQ�WRSRJUDSK\��ZH�H[SHFW�
JURXQGZDWHU�IORZ�DW�WKH�VLWH�WR�EH�WR�WKH�QRUWKHDVW��
�
�
*(2/2*<�
�

6XUILFLDO�*HRORJ\�
7KH�VLWH�LV�ORFDWHG�RQ�WKH�QRUWKZHVWHUQ�PDUJLQ�RI�2JGHQ�9DOOH\��D�VHGLPHQW�ILOOHG�
LQWHUPRQWDQH�YDOOH\�ZLWKLQ�WKH�:DVDWFK�5DQJH��D�PDMRU�QRUWK�VRXWK�WUHQGLQJ�PRXQWDLQ�
UDQJH�PDUNLQJ�WKH�HDVWHUQ�ERXQGDU\�RI�WKH�%DVLQ�DQG�5DQJH�SK\VLRJUDSKLF�SURYLQFH�
�6WRNHV����������������6XUILFLDO�JHRORJ\�RI�WKH�VLWH�LV�PDSSHG�E\�&RRJDQ�DQG�.LQJ��������
)LJXUH����DV�PDLQO\�3OHLVWRFHQH�DJH�DOOXYLDO�IDQ�GHSRVLWV��XQLWV�4DIE�DQG�4DIS���ZLWK�D�
QDUURZ�DUHD�RI�+RORFHQH��WR�3OHLVWRFHQH�DJH�GHEULV��DQG�PXG�IORZ�GHSRVLWV�DORQJ�3ROH�
&DQ\RQ�&UHHN��XQLW�4PGI���
�
&RRJDQ�DQG�.LQJ��������GHVFULEH�VXUILFLDO�JHRORJLF�XQLWV�LQ�WKH�VLWH�DUHD�RQ�)LJXUH���DV�
IROORZV��

�
Qal, Qal1, Qal2, Qal2? – Stream alluvium and flood-plain deposits (Holocene and 
uppermost Pleistocene).�6DQG��VLOW��FOD\��DQG�JUDYHO�LQ�FKDQQHOV��IORRG�SODLQV��DQG�
WHUUDFHV�W\SLFDOO\�OHVV�WKDQ����IHHW����P��DERYH�ULYHU�DQG�VWUHDP�OHYHO��PRGHUDWHO\�
VRUWHG��XQFRQVROLGDWHG��DORQJ�WKH�VDPH�GUDLQDJH�4DO��LV�ORZHU�WKDQ�4DW��DQG�KDV�
OLNHO\�EHHQ�VXEMHFW�WR�IORRGLQJ��DW�OHDVW�SULRU�WR�GDP�EXLOGLQJ��SUHVHQW�LQ�EURDG�SODLQV�
DORQJ�WKH�%HDU��2JGHQ��DQG�:HEHU�5LYHUV�DQG�ODUJHU�WULEXWDULHV�OLNH�'HHS��
&RWWRQZRRG��(DVW�&DQ\RQ��/RVW��DQG�6DOHUDWXV�&UHHNV��DORQJ�%R[�(OGHU��+HLQHUV��DQG�
<HOORZ�&UHHNV��DQG�LQ�QDUURZHU�SODLQV�RI�ODUJHU�WULEXWDU\�VWUHDPV��ORFDOO\�LQFOXGHV�
PXGG\��RUJDQLF�RYHUEDQN�DQG�R[ERZ�ODNH�GHSRVLWV��FRPSRVLWLRQ�GHSHQGV�RQ�VRXUFH�
DUHD��VR�LQ�EDFN�YDOOH\V�W\SLFDOO\�FRQWDLQV�PDQ\�TXDUW]LWH�FREEOHV�UHF\FOHG�IURP�WKH�
:DVDWFK�)RUPDWLRQ��PRVWO\�+RORFHQH��EXW�GHSRVLWHG�DIWHU�UHJUHVVLRQ�RI�/DNH�
%RQQHYLOOH�IURP�WKH�ODWH�3OHLVWRFHQH�3URYR�VKRUHOLQH��ZLGWK�LQ�0RUJDQ�9DOOH\�LV�
FRPELQHG�IORRG�SODLQ�RI�:HEHU�5LYHU�DQG�(DVW�&DQ\RQ�DQG�'HHS�&UHHNV����WR����IHHW�
�����P��WKLFN�DQG�SRVVLEO\�DV�PXFK�DV����IHHW�����P��DORQJ�:HEHU�5LYHU�DQG�WKLQQHU�
LQ�WKH�.D\VYLOOH�TXDGUDQJOH��JUHDWHU�WKLFNQHVVHV��!���IHHW�>���P@��DUH�UHSRUWHG�LQ�
0RUJDQ�9DOOH\��8WDK�'LYLVLRQ�RI�:DWHU�5LJKWV��ZHOO�GULOOLQJ�GDWDEDVH���EXW�OLNHO\�
LQFOXGH�/DNH�%RQQHYLOOH�DQG�ROGHU�3OHLVWRFHQH�GHSRVLWV��
�
6XIIL[HV���DQG���LQGLFDWH�DJHV�ZKHUH�WKH\�FDQ�EH�VHSDUDWHG��ZLWK���LQFOXGLQJ�DFWLYH�
FKDQQHOV�DQG���LQFOXGLQJ�ORZ�WHUUDFHV����WR����IHHW������P��DERYH�WKH�:HEHU�DQG�
2JGHQ�5LYHUV��DQG�WKH�6RXWK�)RUN�2JGHQ�5LYHU�WKDW�PD\�KDYH�EHHQ�LQ�WKH�IORRG�SODLQ�
SULRU�WR�GDPPLQJ�RI�WKHVH�ZDWHUZD\V��4DO��TXHULHG�LQ�ORZ�WHUUDFHV�DERYH�%HDU�5LYHU��
6DOHUDWXV�&UHHN��DQG�'U\�&UHHN�ZKHUH�GHSRVLWV�PD\�QRW�EH�LQ�WKH�IORRG�SODLQ��
�
�
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Qaf, Qafy, Qaf3, Qaf3?, Qaf4, Qaf4?, Qaf5�–�Alluvial-fan deposits (Holocene and 
Pleistocene). 0RVWO\�VDQG��VLOW��DQG�JUDYHO�WKDW�LV�SRRUO\�EHGGHG�DQG�
SRRUO\�VRUWHG�DQG�WKDW�LV�QRW�FORVH�WR�ODWH�3OHLVWRFHQH�/DNH�%RQQHYLOOH�DQG�LV�
JHRJUDSKLFDOO\�LQ�WKH�+XII�&UHHN�DQG�XSSHU�%HDU�5LYHU�GUDLQDJHV��YDULDEO\�
FRQVROLGDWHG��LQFOXGHV�GHEULV�IORZV��SDUWLFXODUO\�LQ�GUDLQDJHV�DQG�DW�GUDLQDJH�PRXWKV�
�IDQ�KHDGV���JHQHUDOO\�OHVV�WKDQ����IHHW�����P��WKLFN��4DI�ZLWK�QR�VXIIL[�XVHG�ZKHUH�
DJH�XQFHUWDLQ�RU�IRU�FRPSRVLWH�IDQV�ZKHUH�SRUWLRQV�RI�IDQV�ZLWK�PXOWLSOH�DJHV�FDQQRW�
EH�VKRZQ�VHSDUDWHO\�DW�PDS�VFDOH��WRHV�RI�VRPH�IDQV�KDYH�EHHQ�UHPRYHG�E\�KXPDQ�
GLVWXUEDQFHV��VR�WKHLU�DJH�FDQQRW�EH�GHWHUPLQHG��
�
:KHUH�SRVVLEOH��VXEGLYLGHG�LQWR�UHODWLYH�DJHV��LQGLFDWHG�E\�OHWWHU�DQG�QXPEHU�VXIIL[HV�
�OLNH�4D�DQG�4DW�VXIIL[HV��DQG�UHODWLYH�DJHV�RQO\�DSSO\�WR�WKH�ORFDO�GUDLQDJH��ZLWK�XQLW�
4DI\�EHLQJ�WKH�ORZHVW��\RXQJHVW��IDQV�DQG�XQLW���PD\�RU�PD\�QRW�SRVW�GDWH�/DNH�
%RQQHYLOOH��5HODWLYH�DJHV�RI�WKHVH�IDQV�DUH�SDUWO\�EDVHG�RQ�KHLJKWV�DERYH�SUHVHQW�
GUDLQDJHV�DW�GUDLQDJH�HURGHG�HGJH�RI�IDQ��7KH�UHODWLYH�DJH�LV�TXHULHG�ZKHUH�WKH�DJH�
LV�XQFHUWDLQ��JHQHUDOO\�GXH�WR�WKH�KHLJKW�QRW�ILWWLQJ�LQWR�WKH�W\SLFDO�RUGHU�RI�VXUIDFHV��
7KH�YDULRXV�GHSRVLWV�OLVWHG��4DI\�DQG�4DI��WKURXJK�4DI���DUH����WR�����IHHW�������P��
DERYH�DQG�ZHVW�RI�6DOHUDWXV�&UHHN��DQG�DOVR�DERYH�<HOORZ�&UHHN�DQG�WKH�%HDU�5LYHU��
4DI\�IDQV�DUH�DFWLYH��LPSLQJH�RQ�SUHVHQW�GD\�IORRGSODLQV��GLYHUW�DFWLYH�VWUHDPV��DQG�
RYHUOLH�ORZ�WHUUDFHV��
�
Qafp, Qafp?, Qafb, Qafb?, Qafpb, Qafpb?�–�Lake Bonneville-age alluvial-fan 
deposits (upper Pleistocene).�/LNH�XQGLYLGHG�DOOXYLDO�IDQV��EXW�KHLJKW�DERYH�SUHVHQW�
GUDLQDJHV�DSSHDUV�WR�EH�UHODWHG�WR�VKRUHOLQHV�RI�/DNH�%RQQHYLOOH�DQG�LV�ZLWKLQ�FHUWDLQ�
OLPLWV��VHH�WDEOH�����WKHVH�IDQV�DUH�LQDFWLYH��XQFRQVROLGDWHG�WR�ZHDNO\�FRQVROLGDWHG��
DQG�ORFDOO\�GLVVHFWHG��IDQV�ODEHOHG�4DIS�DQG�4DIE�DUH�UHODWHG�WR�WKH�3URYR��DQG�
VOLJKWO\�ORZHU��DQG�%RQQHYLOOH�VKRUHOLQHV�RI�ODWH�3OHLVWRFHQH�/DNH�%RQQHYLOOH��
UHVSHFWLYHO\��ZKLOH�XQLW�4DISE�LV�XVHG�ZKHUH�IDQV�PD\�EH�UHODWHG�WR�WKH�3URYR�RU�
%RQQHYLOOH�VKRUHOLQH��IRU�H[DPSOH�4DISE�LV�a���IHHW�>���P@�DERYH�/RVW�&UHHN�
9DOOH\���RU�ZKHUH�IDQV�RI�GLIIHUHQW�DJHV�FDQQRW�EH�VKRZQ�VHSDUDWHO\�DW�PDS�VFDOH��
4DIS�IDQV�W\SLFDOO\�FRQWDLQ�ZHOO�URXQGHG��UHF\FOHG�/DNH�%RQQHYLOOH�JUDYHO�DQG�VDQG�
DQG�DUH�PRGHUDWHO\�ZHOO�VRUWHG��JHQHUDOO\����WR�OHVV�WKDQ����IHHW�������P��WKLFN��/DNH�
%RQQHYLOOH�DJH�IDQV�DUH�TXHULHG�ZKHUH�UHODWLYH�DJH�LV�XQFHUWDLQ��VHH�4DI�IRU�GHWDLOV���
IDQV�ODEHOHG�4DISE"�DUH�DERYH�WKH�%RQQHYLOOH�VKRUHOLQH�DQG�PLJKW�EH�4DIR�RU�OLNH�
4DIP��VHH�WKH�QRWH�XQGHU�4DR�DERXW�WZR�SRVVLEOH�DJHV�RI�ROGHU�DOOXYLXP��4DR��4DWR��
DQG�4DIR���
�
0RVW�RI�WKH�/DNH�%RQQHYLOOH�DJH�IDQV�LQ�WKH�-DPHV�3HDN�TXDGUDQJOH�DUH�IDU�IURP�WKH�
%RQQHYLOOH�VKRUHOLQH�DQG�WKHLU�DJH�LV�LQIHUUHG�IURP�WKHLU�VWUDWLJUDSKLF�UHODWLRQVKLS�V��
WR�FRHYDO�3LQHGDOH�JODFLDO�RXWZDVK��VHH�DJH�HTXDOLW\�LQ�7DEOH�����
�
7KH�FKDQQHOV��4DIS�4GOE��RQ�WKH�:HEHU�5LYHU�GHOWD�DQG�/DNH�%RQQHYLOOH�ILQHV��4DIS�
RQ�4OIE��SUREDEO\�UHFRUG�VFRXU�DQG�ILOO�GXULQJ�WKH�UDSLG�GUDZGRZQ�RI�WKH�ODNH�DV�LW�
IHOO�IURP�WKH�%RQQHYLOOH�VKRUHOLQH�WR�WKH�3URYR�VKRUHOLQH��
�
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Qap, Qap?, Qab, Qab?, Qapb – Lake Bonneville-age alluvium (upper Pleistocene).�
/LNH�XQGLYLGHG�DOOXYLXP�EXW�KHLJKW�DERYH�SUHVHQW�GUDLQDJHV�DSSHDUV�WR�EH�UHODWHG�WR�
VKRUHOLQHV�RI�/DNH�%RQQHYLOOH�DQG�LV�ZLWKLQ�FHUWDLQ�OLPLWV��DQG�XQFRQVROLGDWHG�WR�
ZHDNO\�FRQVROLGDWHG��DOOXYLXP�ODEHOHG�4DS�DQG�4DE�LV�UHODWHG�WR�3URYR��DQG�VOLJKWO\�
ORZHU��DQG�%RQQHYLOOH�VKRUHOLQHV�RI�/DNH�%RQQHYLOOH��DW�a�����WR������IHHW�>�����
�����P@�DQG������IHHW�>�����P@�LQ�0RUJDQ�9DOOH\���UHVSHFWLYHO\��VXIIL[HV�SDUWO\�
EDVHG�RQ�KHLJKWV�DERYH�DGMDFHQW�GUDLQDJHV�QHDU�0RUJDQ�9DOOH\��VHH�WDEOHV���DQG�����
4DS�LV�W\SLFDOO\�DERXW����WR����IHHW�������P��DERYH�SUHVHQW�DGMDFHQW�GUDLQDJHV��EXW�LV�
ORFDOO\����IHHW�����P��DERYH��4DSE�LV�XVHG�ZKHUH�PRUH�H[DFW�DJH�FDQQRW�EH�
GHWHUPLQHG��W\SLFDOO\�DZD\�IURP�/DNH�%RQQHYLOOH��RU�ZKHUH�DOOXYLXP�RI�GLIIHUHQW�
DJHV�FDQQRW�EH�VKRZQ�VHSDUDWHO\�DW�PDS�VFDOH��4DS�LV�XS�WR�DERXW����IHHW�����P��
WKLFN��ZLWK�4DSE�DQG�4DE��DW�OHDVW�ORFDOO\�XS�WR����DQG����IHHW�����DQG����P��WKLFN��
UHVSHFWLYHO\��4XHULHG�ZKHUH�FODVVLILFDWLRQ�RU�UHODWLYH�DJH�XQFHUWDLQ��VHH�4D���
�
$�SURPLQHQW�VXUIDFH��³EHQFK´��LV�SUHVHQW�RQ�4DS�DQG�4DWS�DW�DERXW������IHHW�������
P��HOHYDWLRQ�DQG�DERXW����WR����IHHW�������P��DERYH�WKH�:HEHU�5LYHU�LQ�0RUJDQ�
9DOOH\�DQG�DORQJ�WKH�6RXWK�)RUN�2JGHQ�5LYHU��
�
,Q�WKH�'HYLOV�6OLGH�TXDGUDQJOH��WKH�4DE�WKDW�LV�PDSSHG�DERXW����WR����IHHW��������P��
DERYH�5RXQG�9DOOH\�DQG����WR����IHHW��������P��DERYH�DGMDFHQW�GUDLQDJHV�DW�WKH�
PRXWK�RI�*HDU\�+ROORZ�DSSHDUV�XQLTXH��%DVHG�RQ�KHLJKWV�DERYH�DGMDFHQW�GUDLQDJHV��
WKHVH�GHSRVLWV�ZRXOG�EH�4DR��VHH�WDEOH�����EXW�VLPLODU�DOOXYLDO�GHSRVLWV�WR�WKH�HDVW�QHDU�
3KLO�6KRS�+ROORZ�KDYH�D�%RQQHYLOOH�VKRUHOLQH�FXW�LQ�WKHP�DQG�DUH�PXFK�WKLQQHU�WKDQ�
���IHHW�����P���7KH�ODFN�RI�D�%RQQHYLOOH�VKRUHOLQH��DQG�VPDOO�WKLFNQHVV�DQG�KHLJKWV�
DERYH�GUDLQDJHV�LQGLFDWH�WKH�GHSRVLWV�FRXOG�EH�D�%RQQHYLOOH�VKRUHOLQH�IDQ�GHOWD��
 
Qmdf, Qmdf?�–�Debris- and mud-flow deposits (Holocene and upper and middle? 
Pleistocene).�9HU\�SRRUO\�VRUWHG��FOD\��WR�ERXOGHU�VL]HG�PDWHULDO�LQ�XQVWUDWLILHG�
GHSRVLWV�FKDUDFWHUL]HG�E\�UXEEO\�VXUIDFH�DQG�GHEULV�IORZ�OHYHHV�ZLWK�FKDQQHOV��OREHV��
DQG�PRXQGLQJ��YDULDEO\�YHJHWDWHG��LQ�GUDLQDJHV�W\SLFDOO\�IRUP�PRXQGV��DQ�LQGLFDWLRQ�
RI�PRUH�YLVFRXV�4PGI��UDWKHU�WKDQ�EHLQJ�IODW�OLNH�XQLW�4DF��4PGI�TXHULHG�ZKHUH�PD\�
QRW�EH�PRVWO\�GHEULV��DQG�PXG�IORZ�GHSRVLWV��PDQ\�GHEULV�IORZV�FDQQRW�EH�VKRZQ�
VHSDUDWHO\�IURP�DOOXYLDO�IDQV�DW�PDS�VFDOH����WR����IHHW�������P��WKLFN��$JH�V��
XQFHUWDLQ��GHSRVLWV�LQ�GUDLQDJHV�OLNHO\�SRVW�GDWH�WKH�3URYR�VKRUHOLQH�RI�/DNH�
%RQQHYLOOH��ZKLOH�GHSRVLWV�DERYH�GUDLQDJHV��OLNH�QRUWK�RI�WKH�5LJKW�+DQG�)RUN�
3HWHUVRQ�&UHHN��DUH�OLNHO\�DV�ROG�DV�%XOO�/DNH�JODFLDWLRQ��EXW�FRXOG�SUH�GDWH�%XOO�/DNH�
JODFLDWLRQ�DQG�EH�PLGGOH�3OHLVWRFHQH��
�
Qms, Qms?, Qmsy, Qmsy?, Qmso, Qmso? – Landslide deposits (Holocene and upper 
and middle? Pleistocene).�3RRUO\�VRUWHG�FOD\��WR�ERXOGHU�VL]HG�PDWHULDO��LQFOXGHV�
VOLGHV��VOXPSV��DQG�ORFDOO\�IORZV�DQG�IORRGV��JHQHUDOO\�FKDUDFWHUL]HG�E\�KXPPRFN\�
WRSRJUDSK\��PDLQ�DQG�LQWHUQDO�VFDUSV��DQG�FKDRWLF�EHGGLQJ�LQ�GLVSODFHG�EORFNV��
FRPSRVLWLRQ�GHSHQGV�RQ�ORFDO�VRXUFHV��PRUSKRORJ\�EHFRPHV�PRUH�VXEGXHG�ZLWK�WLPH�
DQG�DPRXQW�RI�ZDWHU�LQ�PDWHULDO�GXULQJ�HPSODFHPHQW��4PV�PD\�EH�LQ�FRQWDFW�ZLWK�
4PV�ZKHQ�ODQGVOLGHV�DUH�GLIIHUHQW�GLVWLQFW��WKLFNQHVV�KLJKO\�YDULDEOH��XS�WR�DERXW����
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WR����IHHW������P��IRU�VPDOO�VOLGHV��DQG����WR�����IHHW��������P��WKLFN�IRU�ODUJHU�
ODQGVOLGHV��4PV\�DQG�4PVR�TXHULHG�ZKHUH�UHODWLYH�DJH�XQFHUWDLQ��4PV�TXHULHG�ZKHUH�
FODVVLILFDWLRQ�XQFHUWDLQ��1XPHURXV�ODQGVOLGHV�DUH�WRR�VPDOO�WR�VKRZ�DW�PDS�VFDOH�DQG�
PRUH�GHWDLOHG�PDSV�VKRZQ�LQ�WKH�LQGH[�WR�JHRORJLF�PDSSLQJ�VKRXOG�EH�H[DPLQHG��
�
4PV�ZLWKRXW�D�VXIIL[�LV�PDSSHG�ZKHUH�WKH�DJH�LV�XQFHUWDLQ��WKRXJK�OLNHO\�+RORFHQH�
DQG�RU�ODWH�3OHLVWRFHQH���ZKHUH�SRUWLRQV�RI�VOLGH�FRPSOH[HV�KDYH�GLIIHUHQW�DJHV�EXW�
FDQQRW�EH�VKRZQ�VHSDUDWHO\�DW�PDS�VFDOH��RU�ZKHUH�ERXQGDULHV�EHWZHHQ�VOLGHV�RI�
GLIIHUHQW�DJHV�DUH�QRW�GLVWLQFW��(VWLPDWHG�WLPH�RI�HPSODFHPHQW�LV�LQGLFDWHG�E\�
UHODWLYH�DJH�OHWWHU�VXIIL[HV�ZLWK��4PV\�PDSSHG�ZKHUH�ODQGVOLGHV�GHIOHFW�VWUHDPV�RU�
IDLOXUHV�DUH�LQ�/DNH�%RQQHYLOOH�GHSRVLWV��DQG�VFDUSV�DUH�YDULDEO\�YHJHWDWHG��4PVR�
W\SLFDOO\�PDSSHG�ZKHUH�GHSRVLWV�DUH�³SHUFKHG´�DERYH�SUHVHQW�GUDLQDJHV��UXPSOHG�
PRUSKRORJ\�W\SLFDO�RI�PDVV�PRYHPHQWV�KDV�EHHQ�GLPLQLVKHG��DQG�RU�\RXQJHU�
VXUILFLDO�GHSRVLWV�FRYHU�RU�FXW�4PVR��/RZHU�SHUFKHG�4PVR�GHSRVLWV�DUH�DW�4DR�
KHLJKWV�DERYH�GUDLQDJHV�����ND�DQG�ROGHU��DQG�WKH�KLJKHU�SHUFKHG�GHSRVLWV�PD\�
FRUUHODWH�ZLWK�KLJK�OHYHO�DOOXYLXP��47DB���OLNHO\�ROGHU�WKDQ�����ND���VHH�WDEOH�����
6XIIL[HV�\�DQG�R�LQGLFDWH�SUREDEOH�+RORFHQH�DQG�3OHLVWRFHQH�DJHV��UHVSHFWLYHO\��ZLWK�
DOO�4PVR�OLNHO\�HPSODFHG�EHIRUH�/DNH�%RQQHYLOOH�WUDQVJUHVVLRQ��7KHVH�ROGHU�GHSRVLWV�
DUH�DV�XQVWDEOH�DV�RWKHU�VOLGHV��DQG�DUH�HDVLO\�UHDFWLYDWHG�ZLWK�WKH�DGGLWLRQ�RI�ZDWHU��EH�
LW�LUULJDWLRQ�RU�VHSWLF�WDQN�GUDLQ�ILHOGV��
�
Qls, Qls?, Qlsp, Qlsb, Qlsb? – Lake Bonneville sand (upper Pleistocene). 0RVWO\�
VDQG�ZLWK�VRPH�VLOW�DQG�JUDYHO�GHSRVLWHG�QHDUVKRUH�EHORZ�DQG�QHDU�WKH�3URYR�
VKRUHOLQH��4OVS��DQG�EHWZHHQ�WKH�3URYR�DQG�%RQQHYLOOH�VKRUHOLQHV��4OVE���4OV�
PDSSHG�GRZQVORSH�IURP�VORSH�EUHDN�EHORZ�3URYR�VKRUHOLQH�EHDFK�GHSRVLWV�ZKHUH�
WKLQ�/DNH�%RQQHYLOOH�UHJUHVVLRQDO�VDQG�PD\�RYHUOLH�WUDQVJUHVVLRQDO�VDQG��JUDGHV�
GRZQVORSH�LQWR�XQLW�4OI�ZLWK�GHFUHDVLQJ�VDQG�FRQWHQW�DQG�ODWHUDOO\�ZLWK�PRUH�JUDYHO�
LQWR�XQLWV�4GOS��4GOE��DQG�XSVORSH�ZLWK�PRUH�JUDYHO�LQWR�XQLW�4OJE��4OV�DQG�4OVE�
TXHULHG�ZKHUH�JUDLQ�VL]H�RU�XQLW�LGHQWLILFDWLRQ�XQFHUWDLQ��PD\�EH�DV�PXFK�DV����IHHW�
����P��WKLFN��DQG�WKLFNHVW�QHDU�2JGHQ��W\SLFDOO\�OHVV�WKDQ����IHHW����P��WKLFN�LQ�
0RUJDQ�9DOOH\��PD\�LQFOXGH�VPDOO�GHOWDV�DQG�GHOWDV�WKDW�ODFN�W\SLFDO�GHOWD�VKDSH��
 
Qla, Qla? – Lake Bonneville lacustrine deposits and post- and pre-Lake Bonneville 
alluvial deposits, undivided (Holocene and upper? Pleistocene).�0RVWO\�SRRUO\�VRUWHG�
DQG�SRRUO\�EHGGHG�VDQG��VLOW��DQG�FOD\��ZLWK�VRPH�JUDYHO��PDSSHG�ZKHUH�/DNH�
%RQQHYLOOH�GHSRVLWV�DUH�UHZRUNHG�E\�ODWHU�VWUHDP�DFWLRQ�RU�FRYHUHG�E\�WKLQ�VWUHDP�DQG�
IDQ�GHSRVLWV��DQG�ZKHUH�ODNH�GHSRVLWV�DUH�WKLQ�DQG�RYHUOLH�ROGHU�DOOXYLDO�GHSRVLWV��XQLW�
TXHULHG�ZKHUH�PD\�EH�GRPLQDQWO\�DOOXYLXP��GHSRVLWV�W\SLFDOO\�HURGHG�IURP�VKDOORZ�
1RUZRRG�)RUPDWLRQ��PRVWO\�PDSSHG�QHDU�%RQQHYLOOH�VKRUHOLQH��DOVR�PDSSHG�LQ�
3HWHUVRQ�TXDGUDQJOH�DORQJ�XSSHU�'HHS�&UHHN�DERYH�%RQQHYLOOH�VKRUHOLQH�ZKHUH�ODNH�
GHSRVLWV�VHHP�WR�LQGLFDWH�ODQGVOLGH�GDP�RI�FUHHN��WKLFNQHVV�XQFHUWDLQ��
 
Tn, Tn? – Norwood Formation (lower Oligocene and upper Eocene).�7\SLFDOO\�OLJKW�
JUD\�WR�OLJKW�EURZQ�DOWHUHG�WXII��FOD\VWRQH���DOWHUHG�WXIIDFHRXV�VLOWVWRQH�DQG�VDQGVWRQH��
DQG�FRQJORPHUDWH��XQDOWHUHG�WXII��SUHVHQW�LQ�W\SH�VHFWLRQ�VRXWK�RI�0RUJDQ��LV�UDUH��
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ORFDOO\�FRORUHG�OLJKW�VKDGHV�RI�UHG�DQG�JUHHQ��YDULDEOH�FDOFDUHRXV�FHPHQW�DQG�
]HROLWL]DWLRQ��LQYROYHG�LQ�QXPHURXV�ODQGVOLGHV�RI�YDULRXV�VL]HV��HVWLPDWH������IRRW�
�����P��WKLFN�LQ�H[SRVXUHV�RQ�ZHVW�VLGH�RI�2JGHQ�9DOOH\��EDVHG�RQ�EHGGLQJ�GLS��
RXWFURS�ZLGWK��DQG�WRSRJUDSK\���1RUZRRG�)RUPDWLRQ�TXHULHG�ZKHUH�SRRU�H[SRVXUHV�
PD\�DFWXDOO\�EH�VXUILFLDO�GHSRVLWV��)RU�GHWDLOHG�1RUZRRG�)RUPDWLRQ�LQIRUPDWLRQ�VHH�
GHVFULSWLRQ�XQGHU�KHDGLQJ�³6XE�:LOODUG�7KUXVW���2JGHQ�&DQ\RQ�$UHD´�VLQFH�PRVW�RI�
WKLV�XQLW�LV�LQ�DQG�QHDU�0RUJDQ�9DOOH\�DQG�FRYHUV�WKH�:LOODUG�WKUXVW��2JGHQ�&DQ\RQ��
DQG�'XUVW�0RXQWDLQ�DUHDV��
�
Zmcg, Zmcg? – Maple Canyon Formation, Lower (green arkose) member 
(Neoproterozoic). *UD\LVK�JUHHQ��ILQH�JUDLQHG�DUNRVLF��IHOGVSDWKLF��
PHWD�VDQGVWRQH�DQG�VDQG\�DUJLOOLWH��PHWD�JUD\ZDFNH���ZLWK�ORFDO�TXDUW]LWH�OHQVHV�XS�
WR�����IHHW�����P��WKLFN��ZHDWKHUV�GDUNHU�JUD\�WR�EURZQ�WR�JUHHQLVK�JUD\�DQG�
JUHHQLVK�EURZQ������WR������IHHW����������P��WKLFN�DQG�ORZHU�WKLFNQHVV�ZRXOG�
HOLPLQDWH�WKH�QHHG�IRU�IDXOWLQJ�LQ�VRXWKZHVW�SDUW�RI�+XQWVYLOOH�TXDGUDQJOH��7KLV�XQLW�LV�
SURQH�WR�VORSH�IDLOXUHV��
�
Zpu, Zpu? – Formation of Perry Canyon, Upper member (Neoproterozoic).�2OLYH�
GUDE�WR�JUD\��WKLQ�EHGGHG�VODWH�WR�DUJLOOLWH�WR�SK\OOLWH�WR�PLFDFHRXV�PHWD�VLOWVWRQH�WR�
PHWD�JUD\ZDFNH�WR�PHWD�VDQGVWRQH�LQ�YDULDEOH�SURSRUWLRQV�VXFK�WKDW�XQLW�ORRNV�OLNH�
ERWK�WKH�³JUH\ZDFNH�VDQGVWRQH´�DQG�³PXGVWRQH´�PHPEHUV�RI�SUHYLRXV�ZRUNHUV��XQLW�
LGHQWLILFDWLRQ�EDVHG�RQ�XQGHUO\LQJ�GLDPLFWLWH�LQ�0DQWXD�TXDGUDQJOH��UDUH�PHWD�
JULWVWRQH�DQG�PHWD�GLDPLFWLWH��DFWXDOO\�FRQJORPHUDWH"���ORFDOO\�VFKLVWRVH��PHWD�
VDQGVWRQH�FRQWDLQV�SRRUO\�VRUWHG�OLWKLF��TXDUW]��DQG�IHOGVSDU�JUDLQV�LQ�VLOW\�WR�
PLFDFHRXV�PDWUL[��PHWD�VDQGVWRQH�LV�TXDUW]RVH�LQ�RXWFURSV�RQ�ZHVW�PDUJLQ�RI�0DQWXD�
TXDGUDQJOH��&ULWWHQGHQ�DQG�6RUHQVHQ������D��DQG�PHGLDO�]RQH�RI�VDQGVWRQH�LV�
IHOGVSDWKLF�HDVW�RI�2JGHQ�9DOOH\��ZKHUH�PDSSHG�DQG�GHVFULEHG�DV�DUJLOOLWH�PHPEHU�RI�
0DSOH�&DQ\RQ�)RUPDWLRQ�E\�&ULWWHQGHQ��������DQG�6RUHQVHQ�DQG�&ULWWHQGHQ���������
WKLFNQHVV�XQFHUWDLQ��EXW�DSSHDUV�WR�EH�DERXW�����IHHW������P��WKLFN�RQ�ZHVW�IODQN�RI�
*UL]]O\�3HDN�LQ�WKH�0DQWXD�TXDGUDQJOH�DQG�DERXW������IHHW������P��WKLFN�EHWZHHQ�
2JGHQ�&DQ\RQ�DQG�1RUWK�2JGHQ�GLYLGH��,Q�2JGHQ�9DOOH\�W\SLFDOO\�QRQ�UHVLVWDQW�DQG�
WDQ�ZHDWKHULQJ�VXFK�WKDW�JUD\�WR�JUHHQ�WR�GDUN�JUD\�IUHVK�FRORU�LV�VHOGRP�VHHQ�H[FHSW�
LQ�FXW�VORSHV�DQG�H[FDYDWLRQV��7KLV�XQLW�LV�SURQH�WR�VORSH�IDLOXUHV��
�

Citations, tables, and figures above are not provided herein, but are in Coogan and King 
(2016). 
�
6HLVPRWHFWRQLF�6HWWLQJ�
7KH�SURSHUW\�LV�ORFDWHG�DW�WKH�ZHVWHUQ�PDUJLQ�RI�2JGHQ�9DOOH\��D�URXJKO\����VTXDUH�PLOH�
EDFN�YDOOH\�GHVFULEHG�E\�*LOEHUW��������DV�D�VWUXFWXUDO�WURXJK�VLPLODU�WR�&DFKH�DQG�0RUJDQ�
9DOOH\V�WR�WKH�QRUWK�DQG�VRXWK��UHVSHFWLYHO\���7KH�EDFN�YDOOH\V�RI�WKH�QRUWKHUQ�:DVDWFK�
5DQJH�DUH�LQ�D�WUDQVLWLRQ�]RQH�EHWZHHQ�WKH�%DVLQ�DQG�5DQJH�DQG�0LGGOH�5RFN\�0RXQWDLQV�
SURYLQFHV��6WRNHV����������������7KH�%DVLQ�DQG�5DQJH�LV�FKDUDFWHUL]HG�E\�D�VHULHV�RI�
JHQHUDOO\�QRUWK�WUHQGLQJ�HORQJDWH�PRXQWDLQ�UDQJHV��VHSDUDWHG�E\�SUHGRPLQDWHO\�DOOXYLDO�
DQG�ODFXVWULQH�VHGLPHQW�ILOOHG�YDOOH\V�DQG�W\SLFDOO\�ERXQGHG�RQ�RQH�RU�ERWK�VLGHV�E\�PDMRU�
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QRUPDO�IDXOWV��6WHZDUW����������7KH�ERXQGDU\�EHWZHHQ�WKH�%DVLQ�DQG�5DQJH�DQG�0LGGOH�
5RFN\�0RXQWDLQV�SURYLQFHV�LV�WKH�SURPLQHQW��ZHVW�IDFLQJ�HVFDUSPHQW�DORQJ�WKH�:DVDWFK�
IDXOW�]RQH�DW�WKH�EDVH�RI�WKH�:DVDWFK�5DQJH���/DWH�&HQR]RLF�QRUPDO�IDXOWLQJ��D�
FKDUDFWHULVWLF�RI�WKH�%DVLQ�DQG�5DQJH��EHJDQ�EHWZHHQ�DERXW����DQG����PLOOLRQ�\HDUV�DJR�LQ�
WKH�1HYDGD��6WHZDUW��������DQG�8WDK��$QGHUVRQ��������SRUWLRQV�RI�WKH�SURYLQFH���7KH�
IDXOWLQJ�LV�D�UHVXOW�RI�D�URXJKO\�HDVW�ZHVW�GLUHFWHG��UHJLRQDO�H[WHQVLRQDO�VWUHVV�UHJLPH�WKDW�
KDV�FRQWLQXHG�WR�WKH�SUHVHQW��=REDFN�DQG�=REDFN��������=REDFN����������7KH�EDFN�YDOOH\V�
DUH�PRUSKRORJLFDOO\�VLPLODU�WR�YDOOH\V�LQ�WKH�%DVLQ�DQG�5DQJH��EXW�H[KLELW�OHVV�VWUXFWXUDO�
UHOLHI��6XOOLYDQ�DQG�RWKHUV��������
�
2JGHQ�9DOOH\�RFFXSLHV�D�VWUXFWXUDO�WURXJK�FUHDWHG�E\�XS�WR�������IHHW�RI�YHUWLFDO�
GLVSODFHPHQW�RQ�QRUPDO�IDXOWV�ERXQGLQJ�WKH�HDVW�DQG�ZHVW�VLGHV�RI�WKH�YDOOH\���7KH�2JGHQ�
9DOOH\�VRXWKZHVWHUQ�PDUJLQ�IDXOW��%ODFN�DQG�RWKHUV��������LV�PDSSHG�RQ�)LJXUH���QHDU�WKH�
VRXWKZHVW�FRUQHU�RI�WKH�3URMHFW���+RZHYHU��WKH�PRVW�UHFHQW�PRYHPHQW�RQ�WKLV�IDXOW�LV�SUH�
+RORFHQH��6XOOLYDQ�DQG�RWKHUV����������7KH�IDXOW�LV�FRQFHDOHG�ZKHUH�PDQWOHG�E\�/DWH�
3OHLVWRFHQH�DQG�+RORFHQH�VXUILFLDO�GHSRVLWV��)LJXUH����GDVKHG�DQG�GRWWHG�EROG�OLQHV����
1RUZRRG�)RUPDWLRQ�PDSSHG�LQ�WKH�VLWH�DUHD��)LJXUH����XQLW�7Q��OLNHO\�UHSUHVHQWV�DQ�LQ�
SODFH�IDXOWHG�EORFN�SUHVHUYHG�EHWZHHQ�WKH�IDXOWV��-RQ�.LQJ��8WDK�*HRORJLFDO�6XUYH\��YHUEDO�
FRPPXQLFDWLRQ��)HEUXDU\������������
�
7KH�VLWH�LV�DOVR�VLWXDWHG�QHDU�WKH�FHQWUDO�SRUWLRQ�RI�WKH�,QWHUPRXQWDLQ�6HLVPLF�%HOW��,6%����
7KH�,6%�LV�D�QRUWK�VRXWK�WUHQGLQJ�]RQH�RI�KLVWRULFDO�VHLVPLFLW\�DORQJ�WKH�HDVWHUQ�PDUJLQ�RI�
WKH�%DVLQ�DQG�5DQJH�SURYLQFH�ZKLFK�H[WHQGV�IRU�DSSUR[LPDWHO\�����PLOHV�IURP�QRUWKHUQ�
$UL]RQD�WR�QRUWKZHVWHUQ�0RQWDQD��6EDU�DQG�RWKHUV��������6PLWK�DQG�6EDU����������$W�OHDVW�
���HDUWKTXDNHV�RI�PDJQLWXGH�����RU�JUHDWHU�KDYH�RFFXUUHG�ZLWKLQ�WKH�,6%�VLQFH�������ZLWK�
WKH�ODUJHVW�RI�WKHVH�HYHQWV�WKH�06����������+HEJHQ�/DNH��0RQWDQD�HDUWKTXDNH���+RZHYHU��
QRQH�RI�WKHVH�HYHQWV�KDYH�RFFXUUHG�DORQJ�WKH�:DVDWFK�IDXOW�]RQH�RU�RWKHU�NQRZQ�ODWH�
4XDWHUQDU\�IDXOWV�LQ�WKH�UHJLRQ��$UDEDV]�DQG�RWKHUV��������6PLWK�DQG�$UDEDV]����������7KH�
FORVHVW�RI�WKHVH�HYHQWV�WR�WKH�VLWH�ZDV�WKH������+DQVHO�9DOOH\��06������HYHQW�QRUWK�RI�WKH�
*UHDW�6DOW�/DNH�DQG�VRXWK�RI�WKH�WRZQ�RI�6QRZYLOOH���
�
/DNH�%RQQHYLOOH�+LVWRU\�
/DNHV�RFFXSLHG�QHDUO\�����EDVLQV�LQ�WKH�ZHVWHUQ�8QLWHG�6WDWHV�GXULQJ�ODWH�4XDWHUQDU\�WLPH��
WKH�ODUJHVW�RI�ZKLFK�ZDV�/DNH�%RQQHYLOOH�LQ�QRUWKZHVWHUQ�8WDK���7KH�%RQQHYLOOH�EDVLQ�
FRQVLVWV�RI�VHYHUDO�WRSRJUDSKLFDOO\�FORVHG�EDVLQV�FUHDWHG�E\�UHJLRQDO�H[WHQVLRQ�LQ�WKH�%DVLQ�
DQG�5DQJH��*Z\QQ��������0LOOHU���������DQG�KDV�EHHQ�DQ�DUHD�RI�LQWHUQDO�GUDLQDJH�IRU�
PXFK�RI�WKH�SDVW����PLOOLRQ�\HDUV��/DNH�%RQQHYLOOH�FRQVLVWHG�RI�QXPHURXV�WRSRJUDSKLFDOO\�
FORVHG�EDVLQV��LQFOXGLQJ�WKH�6DOW�/DNH�DQG�&DFKH�9DOOH\V��2YLDWW�DQG�RWKHUV����������
3RUWLRQV�RI�2JGHQ�9DOOH\�ZHUH�LQXQGDWHG�E\�/DNH�%RQQHYLOOH�DW�LWV�KLJKVWDQG���6HGLPHQWV�
IURP�/DNH�%RQQHYLOOH�DUH�QRW�PDSSHG�DW�WKH�VLWH��EXW�DUH�VKRZQ�DW�ORZHU�HOHYDWLRQV�WR�WKH�
HDVW�DQG�QRUWKHDVW�RQ�)LJXUH�����
�
7LPLQJ�RI�HYHQWV�UHODWHG�WR�WKH�WUDQVJUHVVLRQ�DQG�UHJUHVVLRQ�RI�/DNH�%RQQHYLOOH�LV�LQGLFDWHG�
E\�FDOHQGDU�DJH�HVWLPDWHV�RI�VLJQLILFDQW�UDGLRFDUERQ�GDWHV�LQ�WKH�%RQQHYLOOH�%DVLQ��2YLDWW��
��������$SSUR[LPDWHO\��������\HDUV�DJR��/DNH�%RQQHYLOOH�EHJDQ�D�VORZ�WUDQVJUHVVLRQ��ULVH��
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WR�LWV�KLJKHVW�OHYHO�RI�������WR�������IHHW�DERYH�PHDQ�VHD�OHYHO���7KH�ODNH�ULVH�HYHQWXDOO\�
VORZHG�DV�ZDWHU�OHYHOV�DSSURDFKHG�DQ�H[WHUQDO�EDVLQ�WKUHVKROG�LQ�QRUWKHUQ�&DFKH�9DOOH\�DW�
5HG�5RFN�3DVV�QHDU�=HQGD��,GDKR���/DNH�%RQQHYLOOH�UHDFKHG�WKH�5HG�5RFN�3DVV�WKUHVKROG�
DQG�RFFXSLHG�LWV�KLJKHVW�VKRUHOLQH��WHUPHG�WKH�%RQQHYLOOH�EHDFK��DURXQG��������\HDUV�DJR���
'XULQJ�WKH�WUDQVJUHVVLRQ�DQG�KLJKVWDQG��PDMRU�GUDLQDJHV�WKDW�HPDQDWH�IURP�ZLWKLQ�WKH�
:DVDWFK�5DQJH��VXFK�DV�WKH�:HEHU�5LYHU��IRUPHG�ODUJH�GHOWDLF�FRPSOH[HV�LQ�WKH�ODNH�DW�
WKHLU�FDQ\RQ�PRXWKV���+HDGZDUG�HURVLRQ�RI�WKH�6QDNH�5LYHU�%RQQHYLOOH�EDVLQ�GUDLQDJH�
GLYLGH�WKHQ�FDXVHG�D�FDWDVWURSKLF�LQFLVLRQ�RI�WKH�WKUHVKROG�DQG�WKH�ODNH�OHYHO�ORZHUHG�E\�
URXJKO\�����IHHW�LQ�IHZHU�WKDQ�WZR�PRQWKV��-DUUHWW�DQG�0DOGH��������2¶&RQQHU����������
7KH�3URMHFW�LV�DERYH�WKH�HOHYDWLRQ�IRU�WKH�ODNH�KLJKVWDQG��
�
)ROORZLQJ�WKH�%RQQHYLOOH�IORRG��WKH�ODNH�VWDELOL]HG�DQG�IRUPHG�D�ORZHU�VKRUHOLQH�UHIHUUHG�WR�
DV�WKH�3URYR�VKRUHOLQH�EHWZHHQ�DERXW��������DQG��������\HDUV�DJR���&OLPDWLF�IDFWRUV�WKHQ�
FDXVHG�WKH�ODNH�WR�UHJUHVV�UDSLGO\�IURP�WKH�3URYR�VKRUHOLQH��DQG�E\�DERXW��������\HDUV�DJR�
WKH�ODNH�KDG�HYHQWXDOO\�GURSSHG�EHORZ�KLVWRULF�OHYHOV�RI�*UHDW�6DOW�/DNH���2YLDWW�DQG�RWKHUV�
�������GHHP�WKLV�ORZ�VWDJH�WKH�HQG�RI�WKH�%RQQHYLOOH�ODNH�F\FOH��*UHDW�6DOW�/DNH�WKHQ�
H[SHULHQFHG�D�EULHI�WUDQVJUHVVLRQ�DURXQG��������\HDUV�DJR�WR�WKH�*LOEHUW�OHYHO�DW�DERXW�
������IHHW�EHIRUH�UHFHGLQJ�WR�DQG�UHPDLQLQJ�ZLWKLQ�DERXW����IHHW�RI�LWV�KLVWRULF�DYHUDJH�
OHYHO��/XQG����������'UDLQDJHV�WKDW�IHG�/DNH�%RQQHYLOOH�EHJDQ�GRZQFXWWLQJ�WKURXJK�
VWUDQGHG�GHOWDLF�FRPSOH[HV�DQG�QHDU�VKRUH�GHSRVLWV�DV�WKH�ODNH�UHFHGHG���

�
�
6,7(�&+$5$&7(5,=$7,21�
�

(PSLULFDO�2EVHUYDWLRQV�
2Q�$XJXVW�����������0U��%LOO�'��%ODFN�RI�:HVWHUQ�*HR/RJLF�FRQGXFWHG�D�UHFRQQDLVVDQFH�
RI�WKH�SURSHUW\���:HDWKHU�DW�WKH�WLPH�RI�WKH�VLWH�UHFRQQDLVVDQFH�ZDV�SDUWO\�FORXG\�ZLWK�
WHPSHUDWXUHV�LQ�WKH���¶V���)����7KH�VLWH�LV�DW�WKH�ZHVWHUQ�PDUJLQ�RI�2JGHQ�9DOOH\�RQ�KHDYLO\�
YHJHWDWHG�QRUWKHDVW�IDFLQJ�VORSHV�RYHUORRNLQJ�WKH�XSSHU��VRXWKHUQ��SDUW�RI�1RUGLF�9DOOH\���
3ROH�&DQ\RQ�&UHHN�IORZV�QRUWKZDUG�DORQJ�WKH�HDVWHUQ�ERXQGDU\�RI�WKH�VLWH���1DWLYH�
YHJHWDWLRQ�DSSHDUHG�WR�FRQVLVW�RI�KHDY\�RDN�EUXVK�DQG�JUDVVHV���3ROH�&DQ\RQ�&UHHN�ZDV�
IORZLQJ�DW�D�YHU\�ORZ�IORZ�OHYHO�DW�WKH�WLPH�RI�WKH�UHFRQQDLVVDQFH���1R�RWKHU�DFWLYH�VWUHDPV��
VSULQJV��RU�VHHSV�ZHUH�REVHUYHG��DQG�QR�EHGURFN�RXWFURSV�ZHUH�HYLGHQW�DW�WKH�VLWH�RU�LQ�
DGMDFHQW�VORSHV���6XUILFLDO�VRLOV�DSSHDUHG�WR�FRQVLVW�RI�JUDYHOO\�FOD\H\�VDQG�WR�FOD\H\�VDQG\�
JUDYHO��60�*0��ZLWK�VFDWWHUHG�FREEOHV���6ORSHV�LQ�WKH�XSSHU�ZHVWHUQ�SDUW�RI�WKH�VLWH�DUH�
VWHHS�DQG�VKRZ�DERXW�D������KRUL]RQWDO�YHUWLFDO��JUDGLHQW��ZKHUHDV�WKH�HDVWHUQ�KDOI�KDV�
JHQWOHU�����WR�����VORSHV���1R�HYLGHQFH�IRU�UHFHQW�RU�RQJRLQJ�VORSH�LQVWDELOLW\��GHEULV�IORZV��
DFWLYH�VXUIDFH�IDXOWLQJ��RU�RWKHU�JHRORJLF�KD]DUGV�ZDV�REVHUYHG��
�
$LU�3KRWR�2EVHUYDWLRQV�
%ODFN�DQG�ZKLWH�DHULDO�SKRWRJUDSK\�IURP���������PHWHU�EDUH�HDUWK�'(0�/,'$5�IURP�
������DQG�RUWKRSKRWRJUDSK\�IURP������DYDLODEOH�IURP�WKH�8WDK�$*5&�ZHUH�UHYLHZHG�WR�
REWDLQ�LQIRUPDWLRQ�DERXW�WKH�JHRPRUSKRORJ\�RI�WKH�3URMHFW�DUHD��)LJXUHV��$�&��
UHVSHFWLYHO\����7KH�3URMHFW�LV�RQ�D�DOOXYLDO�IDQ�FRQWHPSRUDQHRXV�ZLWK�ODWH�3OHLVWRFHQH�/DNH�
%RQQHYLOOH�WKDW�ZDV�GRZQFXW�E\�3ROH�&DQ\RQ�&UHHN�IROORZLQJ�WKH�ODNH�UHWUHDW���7KH�FUHHN�
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IORZV�QRUWKZDUG�DORQJ�WKH�HDVWHUQ�ERXQGDU\�RI�WKH�VLWH�DQG�KDV�D�IORRGSODLQ�H[WHQGLQJ�
IXUWKHU�HDVW���$UHDV�DORQJ�WKH�GUDLQDJH�DUH�KHDYLO\�YHJHWDWHG���7KH�FDQ\RQ�PRXWK�LV�DERXW�
������IHHW�WR�WKH�VRXWKZHVW�RI�WKH�SURSHUW\���'HEULV�IORZV�DQG�IORRGV�JHQHUDWHG�LQ�WKH�
GUDLQDJH�EDVLQ�DUH�GHSRVLWHG�DW�WKH�FDQ\RQ�PRXWK�DQG�GRZQVWUHDP��DOWKRXJK�WKH�
GHSRVLWLRQDO�SDWWHUQ�KDV�OLNHO\�YDULHG���1R�GHEULV�IORZ�OHYHHV�RU�GHSRVLWLRQDO�IHDWXUHV�ZHUH�
HYLGHQW�DW�WKH�3URMHFW���*LYHQ�WKH�DERYH��+RORFHQH�IORZV�JHQHUDWHG�LQ�WKH�GUDLQDJH�EDVLQ�
PD\�EH�GHSRVLWHG�ZHOO�EHIRUH�WKH\�UHDFK�WKH�3URMHFW���1R�RWKHU�HYLGHQFH�RI�JHRORJLF�
KD]DUGV�ZDV�REVHUYHG�RQ�WKH�DLU�SKRWRV�LQ�WKH�VLWH�DUHD��

�
�
*(2/2*,&�+$=$5'6�
�
$VVHVVPHQW�RI�SRWHQWLDO�JHRORJLF�KD]DUGV�DQG�WKH�UHVXOWLQJ�ULVNV�LPSRVHG�LV�FULWLFDO�LQ�
GHWHUPLQLQJ�WKH�VXLWDELOLW\�RI�WKH�VLWH�IRU�GHYHORSPHQW���7DEOH���EHORZ�VKRZV�D�VXPPDU\�RI�WKH�
JHRORJLF�KD]DUGV�UHYLHZHG�DW�WKH�VLWH��DV�ZHOO�DV�D�UHODWLYH��TXDOLWDWLYH��DVVHVVPHQW�RI�ULVN�WR�WKH�
3URMHFW�IRU�HDFK�KD]DUG���$�³KLJK´�KD]DUG�UDWLQJ��+��LQGLFDWHV�D�KD]DUG�LV�SUHVHQW�DW�WKH�VLWH�
�ZKHWKHU�FXUUHQWO\�RU�LQ�WKH�JHRORJLF�SDVW��WKDW�LV�OLNHO\�WR�SRVH�VLJQLILFDQW�ULVN�DQG�RU�PD\�
UHTXLUH�IXUWKHU�VWXG\�RU�PLWLJDWLRQ�WHFKQLTXHV���$�³PRGHUDWH´�KD]DUG�UDWLQJ��0��LQGLFDWHV�D�
KD]DUG�WKDW�SRVHV�DQ�HTXLYRFDO�ULVN���0RGHUDWH�ULVN�KD]DUGV�PD\�DOVR�UHTXLUH�IXUWKHU�VWXGLHV�RU�
PLWLJDWLRQ���$�³ORZ´�KD]DUG�UDWLQJ��/��LQGLFDWHV�WKH�KD]DUG�LV�QRW�SUHVHQW��SRVHV�OLWWOH�RU�QR�ULVN��
DQG�RU�LV�QRW�OLNHO\�WR�VLJQLILFDQWO\�LPSDFW�WKH�3URMHFW���/RZ�ULVN�KD]DUGV�W\SLFDOO\�UHTXLUH�QR�
DGGLWLRQDO�VWXGLHV�RU�PLWLJDWLRQ���:H�QRWH�WKDW�WKHVH�KD]DUG�UDWLQJV�UHSUHVHQW�D�FRQVHUYDWLYH�
DVVHVVPHQW�IRU�WKH�HQWLUH�VLWH�DQG�ULVN�PD\�YDU\�LQ�VRPH�DUHDV���&DUHIXO�VHOHFWLRQ�RI�GHYHORSPHQW�
DUHDV�FDQ�PLQLPL]H�ULVN�E\�DYRLGLQJ�NQRZQ�KD]DUG�DUHDV��

�
7DEOH�����Geologic hazards summary.�

�

+D]DUG� + 0 /
�
«+D]DUG�5DWLQJ�

(DUWKTXDNH�*URXQG�6KDNLQJ� ; � � �� ��
6XUIDFH�)DXOW�5XSWXUH� � � ; �� ��
/LTXHIDFWLRQ�DQG�/DWHUDO�VSUHDG�*URXQG�)DLOXUH � � ; �� ��
7HFWRQLF�'HIRUPDWLRQ� � � ; �� ��
6HLVPLF�6HLFKH�DQG�6WRUP�6XUJH� � � ; �� ��
6WUHDP�)ORRGLQJ� � ;� � �� ��
6KDOORZ�*URXQGZDWHU� � ;� � �� ��
/DQGVOLGHV�DQG�6ORSH�)DLOXUHV� � ;� � �� ��
'HEULV�)ORZV�DQG�)ORRGV� � ;� � �� ��
5RFN�)DOO� � � ; �� ��
3UREOHP�6RLO� � � ; �� ��
�

�
�
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(DUWKTXDNH�*URXQG�6KDNLQJ�
*URXQG�VKDNLQJ�UHIHUV�WR�WKH�JURXQG�VXUIDFH�DFFHOHUDWLRQ�FDXVHG�E\�VHLVPLF�ZDYHV�
JHQHUDWHG�GXULQJ�DQ�HDUWKTXDNH���6WURQJ�JURXQG�PRWLRQ�LV�OLNHO\�WR�SUHVHQW�D�VLJQLILFDQW�ULVN�
GXULQJ�PRGHUDWH�WR�ODUJH�HDUWKTXDNHV�ORFDWHG�ZLWKLQ�D����PLOH�UDGLXV�RI�WKH�SURMHFW�DUHD�
�%RRUH�DQG�RWKHUV����������6HLVPLF�VRXUFHV�LQFOXGH�PDSSHG�DFWLYH�IDXOWV��DV�ZHOO�DV�D�
UDQGRP�RU�³IORDWLQJ´�HDUWKTXDNH�VRXUFH�RQ�IDXOWV�QRW�HYLGHQW�DW�WKH�VXUIDFH���0DSSHG�DFWLYH�
IDXOWV�ZLWKLQ�WKLV�GLVWDQFH�LQFOXGH�WKH�(DVW�DQG�:HVW�&DFKH�IDXOW�]RQHV��WKH�%ULJKDP�&LW\��
:HEHU��6DOW�/DNH��DQG�3URYR�VHJPHQWV�RI�WKH�:DVDWFK�IDXOW�]RQH��WKH�(DVW�*UHDW�6DOW�/DNH�
IDXOW�]RQH��WKH�0RUJDQ�IDXOW��WKH�:HVW�9DOOH\�IDXOW�]RQH��WKH�2TXLUUK�IDXOW�]RQH��DQG�WKH�
%HDU�5LYHU�IDXOW�]RQH��%ODFN�DQG�RWKHUV���������
�
7KH�H[WHQW�RI�SURSHUW\�GDPDJH�DQG�ORVV�RI�OLIH�GXH�WR�JURXQG�VKDNLQJ�GHSHQGV�RQ�IDFWRUV�
VXFK�DV������SUR[LPLW\�RI�WKH�HDUWKTXDNH�DQG�VWUHQJWK�RI�VHLVPLF�ZDYHV�DW�WKH�VXUIDFH�
�KRUL]RQWDO�PRWLRQV�DUH�WKH�PRVW�GDPDJLQJ�������DPSOLWXGH��GXUDWLRQ��DQG�IUHTXHQF\�RI�
JURXQG�PRWLRQV������QDWXUH�RI�IRXQGDWLRQ�PDWHULDOV��DQG�����EXLOGLQJ�GHVLJQ��&RVWD�DQG�
%DNHU����������%DVHG�RQ�����������,%&�SURYLVLRQV��D�VLWH�FODVV�RI�'��VWLII�VRLO���DQG�D�ULVN�
FDWHJRU\�RI�,,��86*6�FDOFXODWHG�XQLIRUP�KD]DUG�DQG�GHWHUPLQLVWLF�JURXQG�PRWLRQ�YDOXHV�
ZLWK�D����FKDQFH�RI�H[FHHGDQFH�LQ����\HDUV�DUH�DV�IROORZV��
�

7DEOH�����Seismic hazards summary. 
(Site Location: 41.299004 º N, -111.857315 º W) 

66� 1.006 g 
6�� 0.350 g 

606��)D�[�66�� 1.104 g
60���)Y�[�6��� 0.595 g
6'6 �����[�606� 0.736 g
6'�������[�60��� 0.397 g

6LWH�&RHIILFLHQW��)D = 1.098
6LWH�&RHIILFLHQW��)Y = 1.700

�
*LYHQ�WKH�DERYH�LQIRUPDWLRQ��HDUWKTXDNH�JURXQG�VKDNLQJ�SRVHV�D�KLJK�ULVN�WR�WKH�VLWH���7KH�
KD]DUG�IURP�HDUWKTXDNH�JURXQG�VKDNLQJ�FDQ�EH�DGHTXDWHO\�PLWLJDWHG�E\�GHVLJQ�DQG�
FRQVWUXFWLRQ�RI�KRPHV�LQ�DFFRUGDQFH�ZLWK�DSSURSULDWH�EXLOGLQJ�FRGHV���7KH�3URMHFW�
JHRWHFKQLFDO�HQJLQHHU��LQ�FRQMXQFWLRQ�ZLWK�WKH�EXLOGHU�RU�DUFKLWHFW��VKRXOG�FRQILUP�DQG�
HYDOXDWH�WKH�VHLVPLF�JURXQG�VKDNLQJ�KD]DUG�DQG�SURYLGH�DSSURSULDWH�VHLVPLF�GHVLJQ�
SDUDPHWHUV�DV�QHHGHG��
�
6XUIDFH�)DXOW�5XSWXUH�
0RYHPHQW�DORQJ�IDXOWV�DW�GHSWK�JHQHUDWHV�HDUWKTXDNHV���'XULQJ�HDUWKTXDNHV�ODUJHU�WKDQ�
5LFKWHU�PDJQLWXGH������UXSWXUHV�DORQJ�QRUPDO�IDXOWV�LQ�WKH�LQWHUPRXQWDLQ�UHJLRQ�JHQHUDOO\�
SURSDJDWH�WR�WKH�VXUIDFH��6PLWK�DQG�$UDEDV]��������DV�RQH�VLGH�RI�WKH�IDXOW�LV�XSOLIWHG�DQG�
WKH�RWKHU�VLGH�GRZQ�GURSSHG���7KH�UHVXOWLQJ�IDXOW�VFDUS�KDV�D�QHDU�YHUWLFDO�VORSH���7KH�
VXUIDFH�UXSWXUH�PD\�EH�H[SUHVVHG�DV�D�ODUJH�VLQJXODU�UXSWXUH�RU�VHYHUDO�VPDOOHU�UXSWXUHV�LQ�D�
EURDG�]RQH���*URXQG�GLVSODFHPHQW�IURP�VXUIDFH�IDXOW�UXSWXUH�FDQ�FDXVH�VLJQLILFDQW�GDPDJH�
RU�HYHQ�FROODSVH�WR�VWUXFWXUHV�ORFDWHG�RQ�DQ�DFWLYH�IDXOW��
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7KH�QHDUHVW�DFWLYH�IDXOW�WR�WKH�VLWH�LV�WKH�:HEHU�VHJPHQW�RI�WKH�:)=�DERXW�IRXU�PLOHV�WR�WKH�
ZHVW��DQG�QR�HYLGHQFH�RI�DFWLYH�VXUIDFH�IDXOWLQJ�LV�PDSSHG�RU�ZDV�HYLGHQW�DW�WKH�VLWH���7KH�
2JGHQ�9DOOH\�VRXWKZHVWHUQ�PDUJLQ�IDXOW�LV�PDSSHG�E\�&RRJDQ�DQG�.LQJ��������)LJXUH����
WUHQGLQJ�QHDU�WKH�VRXWKZHVW�FRUQHU�RI�WKH�3URMHFW��EXW�WKH�PRVW�UHFHQW�PRYHPHQW�RQ�WKLV�
IDXOW�LV�SUH�+RORFHQH��6XOOLYDQ�DQG�RWKHUV����������$VVXPLQJ�D�ULVN�FDWHJRU\�RI�,,D��WKH�
IDXOW�ZRXOG�QRW�EH�LQ�DQ�DFWLYLW\�FODVV�UHFRPPHQGHG�IRU�IXUWKHU�HYDOXDWLRQ�E\�%RZPDQ�DQG�
/XQG����������%DVHG�RQ�WKH�DERYH��WKH�H[LVWLQJ�KD]DUG�IURP�VXUIDFH�IDXOWLQJ�LV�UDWHG�DV�ORZ��
�
/LTXHIDFWLRQ�DQG�/DWHUDO�VSUHDG�*URXQG�)DLOXUH�
/LTXHIDFWLRQ�RFFXUV�ZKHQ�VDWXUDWHG��ORRVH��FRKHVLRQOHVV��VRLOV�ORVH�WKHLU�VXSSRUW�FDSDELOLWLHV�
GXULQJ�D�VHLVPLF�HYHQW�EHFDXVH�RI�WKH�GHYHORSPHQW�RI�H[FHVVLYH�SRUH�SUHVVXUH���
(DUWKTXDNH�LQGXFHG�OLTXHIDFWLRQ�FDQ�SUHVHQW�D�VLJQLILFDQW�ULVN�WR�VWUXFWXUHV�IURP�EHDULQJ�
FDSDFLW\�IDLOXUHV�WR�VWUXFWXUDO�IRRWLQJV�DQG�IRXQGDWLRQV��DQG�FDQ�GDPDJH�VWUXFWXUHV�DQG�
URDGZD\�HPEDQNPHQWV�E\�WULJJHULQJ�ODWHUDO�VSUHDG�ODQGVOLGHV��(DUWKTXDNHV�RI�5LFKWHU�
PDJQLWXGH���DUH�JHQHUDOO\�UHJDUGHG�DV�WKH�ORZHU�WKUHVKROG�IRU�OLTXHIDFWLRQ���/LTXHIDFWLRQ�
SRWHQWLDO�DW�WKH�VLWH�LV�D�FRPELQDWLRQ�RI�H[SHFWHG�VHLVPLF��HDUWKTXDNH�JURXQG�VKDNLQJ��
DFFHOHUDWLRQV��JURXQGZDWHU�FRQGLWLRQV��DQG�SUHVHQFH�RI�VXVFHSWLEOH�VRLOV��
�
6RLOV�DW�WKH�VLWH�DUH�PDSSHG�E\�WKH�15&6�
�KWWSV���ZHEVRLOVXUYH\�QUFV�XVGD�JRY�DSS�:HE6RLO6XUYH\�DVS[��DV�ZHOO�GUDLQHG�VWRQ\�WR�
JUDYHOO\�ORDPV�RQ���WR����SHUFHQW�VORSHV���:HEHU�&RXQW\�*,6�PDSSLQJ�DOVR�VKRZV�WKH�VLWH�
LQ�D�YHU\�ORZ�OLTXHIDFWLRQ�KD]DUG�]RQH��]RQH������*LYHQ�WKH�DERYH��ZH�GR�QRW�DQWLFLSDWH�WKDW�
FRQGLWLRQV�FRQGXFLYH�WR�OLTXHIDFWLRQ�DUH�SUHVHQW�DQG�UDWH�WKH�ULVN�DV�ORZ��
�
7HFWRQLF�'HIRUPDWLRQ�
7HFWRQLF�GHIRUPDWLRQ�UHIHUV�WR�VXEVLGHQFH�IURP�ZDUSLQJ��ORZHULQJ��DQG�WLOWLQJ�RI�D�YDOOH\�
IORRU�WKDW�DFFRPSDQLHV�VXUIDFH�IDXOWLQJ�HDUWKTXDNHV�RQ�QRUPDO�IDXOWV��/DUJH�VFDOH�WHFWRQLF�
VXEVLGHQFH�PD\�DFFRPSDQ\�HDUWKTXDNHV�DORQJ�ODUJH�QRUPDO�IDXOWV��/XQG����������7HFWRQLF�
VXEVLGHQFH�LV�EHOLHYHG�WR�PDLQO\�LPSDFW�WKRVH�DUHDV�LPPHGLDWHO\�DGMDFHQW�WR�WKH�
GRZQWKURZQ�VLGH�RI�DFWLYH�QRUPDO�IDXOWV���1R�DFWLYH��+RORFHQH��IDXOWV�DUH�PDSSHG�LQ�WKH�
VLWH�DUHD��DV�GLVFXVVHG�DERYH���%DVHG�RQ�WKLV��WKH�ULVN�IURP�WHFWRQLF�VXEVLGHQFH�LV�UDWHG�DV�
ORZ���
�
6HLVPLF�6HLFKH�DQG�6WRUP�6XUJH�
(DUWKTXDNH�LQGXFHG�VHLFKH�SUHVHQWV�D�ULVN�WR�VWUXFWXUHV�ZLWKLQ�WKH�ZDYH�RVFLOODWLRQ�]RQH�
DORQJ�WKH�HGJHV�RI�ODUJH�ERGLHV�RI�ZDWHU��VXFK�DV�WKH�*UHDW�6DOW�/DNH���*LYHQ�WKH�HOHYDWLRQ�
RI�WKH�VXEMHFW�SURSHUW\�DQG�GLVWDQFH�IURP�ODUJH�ERGLHV�RI�ZDWHU��WKH�ULVN�WR�WKH�VXEMHFW�
SURSHUW\�IURP�VHLVPLF�VHLFKHV�LV�UDWHG�DV�ORZ��
�
6WUHDP�)ORRGLQJ�
6WUHDP�IORRGLQJ�PD\�EH�FDXVHG�E\�GLUHFW�SUHFLSLWDWLRQ��PHOWLQJ�VQRZ��RU�D�FRPELQDWLRQ�RI�
ERWK���,Q�PXFK�RI�8WDK��IORRGV�DUH�PRVW�FRPPRQ�LQ�$SULO�WKURXJK�-XQH�GXULQJ�VSULQJ�
VQRZPHOW���+LJK�IORZV�PD\�EH�VXVWDLQHG�IURP�D�IHZ�GD\V�WR�VHYHUDO�ZHHNV��DQG�WKH�
SRWHQWLDO�IRU�IORRGLQJ�GHSHQGV�RQ�D�YDULHW\�RI�IDFWRUV�VXFK�DV�VXUIDFH�K\GURORJ\��VLWH�
JUDGLQJ�DQG�GUDLQDJH��DQG�UXQRII��
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3ROH�&DQ\RQ�&UHHN�IORZV�QRUWKZDUG�DORQJ�WKH�HDVWHUQ�ERXQGDU\�RI�WKH�3URMHFW��DQG�DUHDV�
DGMDFHQW�WR�WKH�GUDLQDJH�PD\�KDYH�D�KLJK�ULVN�IURP�VWUHDP�IORRGLQJ���+RZHYHU��QR�RWKHU�
DFWLYH�GUDLQDJHV�DUH�SUHVHQW��DQG�DUHDV�PRUH�WKDQ����IHHW�IURP�WKH�VWUHDP�FRXUVH�OLNHO\�KDYH�
ORZ�ULVN���7KH�ULVN�IURP�VWUHDP�IORRGLQJ�LV�WKHUHIRUH�UDWHG�DV�PRGHUDWH���6LWH�K\GURORJ\�DQG�
UXQRII�VKRXOG�EH�DGGUHVVHG�LQ�WKH�FLYLO�HQJLQHHULQJ�GHVLJQ�DQG�JUDGLQJ�SODQ�IRU�WKH�3URMHFW�
LQ�DFFRUGDQFH�ZLWK�DOO�DSSOLFDEOH�ORFDO�JRYHUQPHQW�JXLGHOLQHV��
�
6KDOORZ�*URXQGZDWHU�
1R�VSULQJV�RU�VHHSV�DUH�VKRZQ�RQ�WKH�WRSRJUDSKLF�PDS�IRU�WKH�VLWH�RU�ZHUH�UHSRUWHG�RU�
REVHUYHG��DQG�QR�VLWH�VSHFLILF�JURXQGZDWHU�LQIRUPDWLRQ�ZDV�DYDLODEOH�IRU�WKH�3URMHFW���
+RZHYHU��JURXQGZDWHU�DW�WKH�VLWH�DSSHDUV�WR�EH�JUHDWHU�WKDQ����IHHW�GHHS�EDVHG�RQ�QHDUE\�
GDWD���$UHDV�ZLWKLQ����IHHW�RI�3ROH�&DQ\RQ�&UHHN�PD\�KDYH�VKDOORZHU�GHSWKV��DQG�
JURXQGZDWHU�OHYHOV�DW�WKH�VLWH�DOVR�OLNHO\�YDU\�VHDVRQDOO\�DQG�DQQXDOO\���6XFK�YDULDWLRQV�
ZRXOG�EH�W\SLFDO�IRU�DQ�DOSLQH�HQYLURQPHQW���3HUFKHG�FRQGLWLRQV�DERYH�OHVV�SHUPHDEOH��
FOD\�ULFK�EHGURFN�OD\HUV�PD\�DOVR�EH�SUHVHQW�LQ�WKH�VXEVXUIDFH�WKDW�FRXOG�FDXVH�ORFDOO\�
VKDOORZHU�JURXQGZDWHU�OHYHOV���*LYHQ�DOO�RI�WKH�DERYH��ZH�UDWH�WKH�ULVN�IURP�VKDOORZ�
JURXQGZDWHU�DV�PRGHUDWH��DOWKRXJK�ZH�GR�QRW�DQWLFLSDWH�VKDOORZ�JURXQGZDWHU�ZLOO�SRVH�D�
VLJQLILFDQW�GHYHORSPHQW�FRQVWUDLQW�JLYHQ�VHWEDFNV�W\SLFDOO\�UHFRPPHQGHG�WR�UHGXFH�ULVN�
IURP�VWUHDP�IORRGLQJ��
�
/DQGVOLGHV�DQG�6ORSH�)DLOXUHV�
6ORSH�VWDELOLW\�KD]DUGV�VXFK�DV�ODQGVOLGHV��VOXPSV��DQG�RWKHU�PDVV�PRYHPHQWV�FDQ�GHYHORS�
DORQJ�PRGHUDWH�WR�VWHHS�VORSHV�ZKHUH�D�VORSH�KDV�EHHQ�GLVWXUEHG��WKH�KHDG�RI�D�VORSH�
ORDGHG��RU�ZKHUH�LQFUHDVHG�JURXQGZDWHU�SRUH�SUHVVXUHV�UHVXOW�LQ�GULYLQJ�IRUFHV�ZLWKLQ�WKH�
VORSH�H[FHHGLQJ�UHVWUDLQLQJ�IRUFHV���6ORSHV�H[KLELWLQJ�SULRU�IDLOXUHV��DQG�DOVR�GHSRVLWV�IURP�
ODUJH�ODQGVOLGHV��DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�LQVWDELOLW\�DQG�UHDFWLYDWLRQ��
�
1R�ODQGVOLGHV�DUH�PDSSHG�DW�WKH�VLWH��DQG�QR�HYLGHQFH�IRU�UHFHQW�RU�RQJRLQJ�ODQGVOLGLQJ�RU�
VORSH�LQVWDELOLW\�ZDV�REVHUYHG�RQ�DLU�SKRWRV�RU�GXULQJ�RXU�UHFRQQDLVVDQFH���+RZHYHU��VORSHV�
DW�WKH�VLWH�DUH�VWHHS�LQ�VRPH�DUHDV��DQG�ODQGVOLGHV�DUH�PDSSHG�QHDUE\�LQ�VLPLODU�VORSHV��
SDUWLFXODUO\�WKRVH�XQGHUODLQ�E\�1RUZRRG�)RUPDWLRQ�DQG�0DSOH�&DQ\RQ�)RUPDWLRQ���7KH�
KD]DUG�IURP�ODQGVOLGLQJ�LV�WKHUHIRUH�HTXLYRFDO�DQG�UDWHG�DV�PRGHUDWH���*LYHQ�WKH�DERYH��ZH�
FRQVHUYDWLYHO\�UHFRPPHQG�WKDW�VWDELOLW\�RI�VORSHV�DW�WKH�VLWH�EH�HYDOXDWHG�LQ�D�JHRWHFKQLFDO�
HQJLQHHULQJ�HYDOXDWLRQ�SULRU�WR�EXLOGLQJ��EDVHG�RQ�VLWH�VSHFLILF�GDWD�DQG�VXEVXUIDFH�
LQIRUPDWLRQ���5HFRPPHQGDWLRQV�IRU�UHGXFLQJ�WKH�ULVN�IURP�ODQGVOLGLQJ�VKRXOG�EH�SURYLGHG�
LI�IDFWRUV�RI�VDIHW\�DUH�GHWHUPLQHG�WR�EH�XQVXLWDEOH���7KH�VWDELOLW\�HYDOXDWLRQ�VKRXOG�EH�
FRQGXFWHG�DIWHU�GHYHORSPHQW�SODQV�KDYH�EHHQ�IRUPDOL]HG��ZLOO�LQYROYH�VRPH�VXEVXUIDFH�
H[SORUDWLRQ�WKDW�PD\�UHTXLUH�IXUWKHU�JHRORJLF�FKDUDFWHUL]DWLRQ��DQG�VKRXOG�WDNH�LQWR�DFFRXQW�
SRVVLEOH�SHUFKHG�JURXQGZDWHU�DQG�IOXFWXDWLQJ�VHDVRQDO�OHYHOV���&DUH�VKRXOG�DOVR�EH�WDNHQ�
WKDW�VLWH�JUDGLQJ�GRHV�QRW�GHVWDELOL]H�VORSHV�LQ�WKLV�DUHD�ZLWKRXW�SULRU�JHRWHFKQLFDO�DQDO\VLV�
DQG�JUDGLQJ�SODQV��DQG�WKDW�SURSHU�GUDLQDJH�LV�PDLQWDLQHG����
�
'HEULV�)ORZV�
'HEULV�IORZ�KD]DUGV�DUH�W\SLFDOO\�DVVRFLDWHG�ZLWK�XQFRQVROLGDWHG�DOOXYLDO�IDQ�GHSRVLWV�DW�WKH�
PRXWKV�RI�ODUJH�UDQJH�IURQW�GUDLQDJHV��VXFK�DV�WKRVH�DORQJ�WKH�:DVDWFK�)URQW���'HEULV�
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IORZV�KDYH�KLVWRULFDOO\�VLJQLILFDQW�GDPDJH�LQ�WKH�:DVDWFK�)URQW�DUHD���3ROH�&DQ\RQ�&UHHN�
IORZV�DORQJ�WKH�HDVWHUQ�ERXQGDU\�RI�WKH�VLWH���1R�HYLGHQFH�IRU�GHEULV�IORZ�FKDQQHOV��OHYHHV��
RU�RWKHU�GHEULV�IORZ�IHDWXUHV�ZDV�REVHUYHG�DW�WKH�VLWH�RQ�DLU�SKRWRV�RU�GXULQJ�RXU�
UHFRQQDLVVDQFH��EXW�ORZ�O\LQJ�DUHDV�DGMDFHQW�WR�WKH�FUHHN�PD\�H[SHULHQFH�VRPH�IORRGLQJ�
DQG�GHEULV�IURP�ODUJH�IORZV�DQG�IORZV�HPDQDWLQJ�IURP�WKH�FDQ\RQ�PRXWK�DERXW�������IHHW�
WR�WKH�VRXWKZHVW���*LYHQ�WKH�DERYH��ZH�UDWH�WKH�ULVN�DV�PRGHUDWH���6HWEDFN�JXLGHOLQHV�
W\SLFDOO\�UHFRPPHQGHG�IRU�UHGXFLQJ�VWUHDP�IORRGLQJ�ULVN�ZLOO�VLPLODUO\�UHGXFH�WKH�GHEULV�
IORZ�IORRG�ULVN��
�
5RFN�)DOO�
1R�EHGURFN�RXWFURSV�ZHUH�REVHUYHG�DW�WKH�VLWH�RU�LQ�KLJKHU�VORSHV�WKDW�FRXOG�SUHVHQW�D�
VRXUFH�DUHD�IRU�URFN�IDOO�FODVWV���%DVHG�RQ�WKH�DERYH��ZH�UDWH�WKH�KD]DUG�IURP�URFN�IDOOV�DV�
ORZ��
 
6ZHOOLQJ�DQG�&ROODSVLEOH�6RLOV�
6XUILFLDO�VRLOV�WKDW�FRQWDLQ�FHUWDLQ�FOD\V�FDQ�VZHOO�RU�FROODSVH�ZKHQ�ZHW���$�JHRWHFKQLFDO�
HQJLQHHULQJ�HYDOXDWLRQ�VKRXOG�EH�SHUIRUPHG�WR�DGGUHVV�VRLO�FRQGLWLRQV�DQG�SURYLGH�VSHFLILF�
UHFRPPHQGDWLRQV�IRU�VLWH�JUDGLQJ��VXEJUDGH�SUHSDUDWLRQ��DQG�IRRWLQJ�DQG�IRXQGDWLRQ�
GHVLJQ��

�
�
&21&/86,216�$1'�5(&200(1'$7,216�
�
7KH�RQO\�JHRORJLF�KD]DUGV�SRVLQJ�D�KLJK�UHODWLYH�ULVN�WR�WKH�VLWH�LV�HDUWKTXDNH�JURXQG�VKDNLQJ���
6WUHDP�IORRGLQJ��VKDOORZ�JURXQGZDWHU��ODQGVOLGHV��DQG�GHEULV�IORZV�IORRGV�DOVR�SRVH�PRGHUDWH�
ULVN�KD]DUGV�HLWKHU�EHFDXVH�WKH�KD]DUG�LV�HTXLYRFDO�RU�RQO\�DIIHFWV�SRUWLRQV�RI�WKH�SURSHUW\���7KH�
IROORZLQJ�UHFRPPHQGDWLRQV�DUH�SURYLGHG�ZLWK�UHJDUG�WR�WKH�JHRORJLF�FKDUDFWHUL]DWLRQV�LQ�WKLV�
UHSRUW��
�

x� Seismic Design�±�$OO�KDELWDEOH�VWUXFWXUHV�GHYHORSHG�DW�WKH�SURSHUW\�VKRXOG�EH�
FRQVWUXFWHG�WR�FXUUHQW�VHLVPLF�KD]DUGV�WR�UHGXFH�WKH�ULVN�RI�GDPDJH��LQMXU\��RU�ORVV�RI�
OLIH�IURP�HDUWKTXDNH�JURXQG�VKDNLQJ��

�
x� Site Grading and Drainage�±�1R�XQSODQQHG�FXWV�VKRXOG�EH�PDGH�LQ�WKH�VORSHV�DW�WKH�

VLWH�ZLWKRXW�SULRU�JHRWHFKQLFDO�DQDO\VHV��DQG�SURSHU�VLWH�GUDLQDJH�VKRXOG�EH�PDLQWDLQHG� 
�
x� Geotechnical Investigation���$�GHVLJQ�OHYHO�JHRWHFKQLFDO�HQJLQHHULQJ�VWXG\�VKRXOG�EH�

FRQGXFWHG�DIWHU�IRUPDOL]DWLRQ�RI�GHYHORSPHQW�SODQV��EXW�SULRU�WR�FRQVWUXFWLRQ�WR������
DGGUHVV�VRLO�FRQGLWLRQV�DW�WKH�VLWH�IRU�XVH�LQ�IRXQGDWLRQ�GHVLJQ��VLWH�JUDGLQJ��DQG�
GUDLQDJH������SURYLGH�UHFRPPHQGDWLRQV�UHJDUGLQJ�EXLOGLQJ�GHVLJQ�WR�UHGXFH�ULVN�IURP�
VHLVPLF�DFFHOHUDWLRQ��DQG�����HYDOXDWH�VWDELOLW\�RI�VORSHV�DW�WKH�VLWH��LQFOXGLQJ�SURYLGLQJ�
UHFRPPHQGDWLRQV�IRU�UHGXFLQJ�WKH�ULVN�RI�ODQGVOLGLQJ�LI�WKH�IDFWRUV�RI�VDIHW\�DUH�GHHPHG�
XQVXLWDEOH���7KH�VWDELOLW\�HYDOXDWLRQ�VKRXOG�DFFRXQW�IRU�SRVVLEOH�SHUFKHG�JURXQGZDWHU��
VHDVRQDO�IOXFWXDWLRQV��DQG�ZDWHU�IURP�VRXUFHV�VXFK�DV�ODQGVFDSH�LUULJDWLRQ�DQG�VHSWLF�
V\VWHPV��
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7KH�DERYH�JHRWHFKQLFDO�VWXG\�ZLOO�UHTXLUH�VLWH�VSHFLILF�GDWD�IURP�VXEVXUIDFH�
H[SORUDWLRQ��DV�ZHOO�DV�D�FURVV�VHFWLRQ�EDVHG�RQ�JHRORJLF�FKDUDFWHUL]DWLRQV���:H�VKRXOG�
EH�FRQWDFWHG�WR�UHYLHZ�WKH�VXEVXUIDFH�GDWD�REWDLQHG�IURP�WKH�JHRWHFKQLFDO�VWXG\�DQG�
SURYLGH�D�JHRORJLF�FURVV�VHFWLRQ�IRU�WKH�VWDELOLW\�HYDOXDWLRQ��DV�ZHOO�DV�WR�REVHUYH�DQG�
GRFXPHQW�DQ\�VXEVXUIDFH�H[SORUDWLRQ�WKDW�PD\�EH�FRQGXFWHG���$�FRVW�HVWLPDWH�IRU�WKHVH�
VHUYLFHV�FDQ�EH�SUHSDUHG�RQFH�WKH�VFRSH�RI�WKH�JHRWHFKQLFDO�HYDOXDWLRQ�KDV�EHHQ�
GHWHUPLQHG��
�

x� Stream Flooding�±�7KH�FLYLO�HQJLQHHULQJ�GHVLJQ�IRU�WKH�GHYHORSPHQW�VKRXOG�DVVHVV�VLWH�
K\GURORJ\�DQG�VXUIDFH�GUDLQDJH��LQ�DFFRUGDQFH�ZLWK�DOO�DSSOLFDEOH�ORFDO�JRYHUQPHQW�
JXLGHOLQHV���:H�DQWLFLSDWH�VHWEDFNV�W\SLFDOO\�UHFRPPHQGHG�IRU�UHGXFLQJ�WKH�VWUHDP�
IORRGLQJ�ULVN�ZLOO�VLPLODUO\�UHGXFH�ULVNV�IURP�VKDOORZ�JURXQGZDWHU�DQG�GHEULV�
IORZV�IORRGV� 

�
x� Availability of Report���7KH�UHSRUW�VKRXOG�EH�PDGH�DYDLODEOH�WR�DUFKLWHFWV��EXLOGLQJ�

FRQWUDFWRUV��DQG�LQ�WKH�HYHQW�RI�D�IXWXUH�SURSHUW\�VDOH��UHDO�HVWDWH�DJHQWV�DQG�SRWHQWLDO�
EX\HUV���7KLV�UHSRUW�VKRXOG�EH�UHIHUHQFHG�IRU�LQIRUPDWLRQ�RQ�WHFKQLFDO�GDWD�RQO\�DV�
LQWHUSUHWHG�IURP�REVHUYDWLRQV�DQG�QRW�DV�D�ZDUUDQW\�RI�FRQGLWLRQV�WKURXJKRXW�WKH�VLWH���
7KH�UHSRUW�VKRXOG�EH�VXEPLWWHG�LQ�LWV�HQWLUHW\��RU�UHIHUHQFHG�DSSURSULDWHO\��DV�SDUW�RI�
DQ\�GRFXPHQW�VXEPLWWDO�WR�D�JRYHUQPHQW�DJHQF\�UHVSRQVLEOH�IRU�SODQQLQJ�GHFLVLRQV�RU�
JHRORJLF�UHYLHZ���,QFRPSOHWH�VXEPLWWDOV�YRLG�WKH�SURIHVVLRQDO�VHDOV�DQG�VLJQDWXUHV�ZH�
SURYLGH�KHUHLQ���$OWKRXJK�WKLV�UHSRUW�DQG�WKH�GDWD�KHUHLQ�DUH�WKH�SURSHUW\�RI�WKH�FOLHQW��
WKH�UHSRUW�IRUPDW�LV�WKH�LQWHOOHFWXDO�SURSHUW\�RI�:HVWHUQ�*HRORJLF�DQG�VKRXOG�QRW�EH�
FRSLHG��XVHG��RU�PRGLILHG�ZLWKRXW�H[SUHVV�SHUPLVVLRQ�RI�WKH�DXWKRUV��

�
�
� �
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�
7KLV�LQYHVWLJDWLRQ�ZDV�SHUIRUPHG�DW�WKH�UHTXHVW�RI�WKH�&OLHQW�XVLQJ�WKH�PHWKRGV�DQG�SURFHGXUHV�
FRQVLVWHQW�ZLWK�JRRG�FRPPHUFLDO�DQG�FXVWRPDU\�SUDFWLFH�GHVLJQHG�WR�FRQIRUP�WR�DFFHSWDEOH�
LQGXVWU\�VWDQGDUGV���7KH�DQDO\VLV�DQG�UHFRPPHQGDWLRQV�VXEPLWWHG�LQ�WKLV�UHSRUW�DUH�EDVHG�XSRQ�
WKH�GDWD�REWDLQHG�IURP�VLWH�VSHFLILF�REVHUYDWLRQV�DQG�FRPSLODWLRQ�RI�NQRZQ�JHRORJLF�
LQIRUPDWLRQ���7KLV�LQIRUPDWLRQ�DQG�WKH�FRQFOXVLRQV�RI�WKLV�UHSRUW�VKRXOG�QRW�EH�LQWHUSRODWHG�WR�
DGMDFHQW�SURSHUWLHV�ZLWKRXW�DGGLWLRQDO�VLWH�VSHFLILF�LQIRUPDWLRQ���,Q�WKH�HYHQW�WKDW�DQ\�FKDQJHV�
DUH�ODWHU�PDGH�LQ�WKH�ORFDWLRQ�RI�WKH�SURSRVHG�VLWH��WKH�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�
FRQWDLQHG�LQ�WKLV�UHSRUW�VKDOO�QRW�EH�FRQVLGHUHG�YDOLG�XQOHVV�WKH�FKDQJHV�DUH�UHYLHZHG�DQG�
FRQFOXVLRQV�RI�WKLV�UHSRUW�PRGLILHG�RU�DSSURYHG�LQ�ZULWLQJ�E\�WKH�HQJLQHHULQJ�JHRORJLVW����
�
7KLV�UHSRUW�KDV�EHHQ�SUHSDUHG�E\�WKH�VWDII�RI�:HVWHUQ�*HR/RJLF�IRU�WKH�&OLHQW�XQGHU�WKH�
SURIHVVLRQDO�VXSHUYLVLRQ�RI�WKH�SULQFLSDO�DQG�RU�VHQLRU�VWDII�ZKRVH�VHDO�V��DQG�VLJQDWXUHV�DSSHDU�
KHUHRQ���1HLWKHU�:HVWHUQ�*HR/RJLF��QRU�DQ\�VWDII�PHPEHU�DVVLJQHG�WR�WKLV�LQYHVWLJDWLRQ�KDV�DQ\�
LQWHUHVW�RU�FRQWHPSODWHG�LQWHUHVW��ILQDQFLDO�RU�RWKHUZLVH��LQ�WKH�VXEMHFW�RU�VXUURXQGLQJ�SURSHUWLHV��
RU�LQ�DQ\�HQWLW\�ZKLFK�RZQV��OHDVHV��RU�RFFXSLHV�WKH�VXEMHFW�RU�VXUURXQGLQJ�SURSHUWLHV�RU�ZKLFK�
PD\�EH�UHVSRQVLEOH�IRU�HQYLURQPHQWDO�LVVXHV�LGHQWLILHG�GXULQJ�WKH�FRXUVH�RI�WKLV�LQYHVWLJDWLRQ��
DQG�KDV�QR�SHUVRQDO�ELDV�ZLWK�UHVSHFW�WR�WKH�SDUWLHV�LQYROYHG��
�
7KH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKLV�UHSRUW�KDV�UHFHLYHG�DSSURSULDWH�WHFKQLFDO�UHYLHZ�DQG�DSSURYDO��
7KH�FRQFOXVLRQV�UHSUHVHQW�SURIHVVLRQDO�MXGJPHQW�DQG�DUH�IRXQGHG�XSRQ�WKH�ILQGLQJV�RI�WKH�
LQYHVWLJDWLRQV�LGHQWLILHG�LQ�WKH�UHSRUW�DQG�WKH�LQWHUSUHWDWLRQ�RI�VXFK�GDWD�EDVHG�RQ�RXU�H[SHULHQFH�
DQG�H[SHUWLVH�DFFRUGLQJ�WR�WKH�H[LVWLQJ�VWDQGDUG�RI�FDUH���1R�RWKHU�ZDUUDQW\�RU�OLPLWDWLRQ�H[LVWV��
HLWKHU�H[SUHVVHG�RU�LPSOLHG��
�
7KH�LQYHVWLJDWLRQ�ZDV�SUHSDUHG�LQ�DFFRUGDQFH�ZLWK�WKH�DSSURYHG�VFRSH�RI�ZRUN�RXWOLQHG�LQ�RXU�
SURSRVDO�IRU�WKH�XVH�DQG�EHQHILW�RI�WKH�&OLHQW��LWV�VXFFHVVRUV��DQG�DVVLJQHHV���,W�LV�EDVHG��LQ�SDUW��
XSRQ�GRFXPHQWV��ZULWLQJV��DQG�LQIRUPDWLRQ�RZQHG��SRVVHVVHG��RU�VHFXUHG�E\�WKH�&OLHQW���1HLWKHU�
WKLV�UHSRUW��QRU�DQ\�LQIRUPDWLRQ�FRQWDLQHG�KHUHLQ�VKDOO�EH�XVHG�RU�UHOLHG�XSRQ�IRU�DQ\�SXUSRVH�E\�
DQ\�RWKHU�SHUVRQ�RU�HQWLW\�ZLWKRXW�WKH�H[SUHVV�ZULWWHQ�SHUPLVVLRQ�RI�WKH�&OLHQW���7KLV�UHSRUW�LV�QRW�
IRU�WKH�XVH�RU�EHQHILW�RI��QRU�PD\�LW�EH�UHOLHG�XSRQ�E\�DQ\�RWKHU�SHUVRQ�RU�HQWLW\��IRU�DQ\�SXUSRVH�
ZLWKRXW�WKH�DGYDQFH�ZULWWHQ�FRQVHQW�RI�:HVWHUQ�*HR/RJLF��
�
,Q�H[SUHVVLQJ�WKH�RSLQLRQV�VWDWHG�LQ�WKLV�UHSRUW��:HVWHUQ�*HR/RJLF�KDV�H[HUFLVHG�WKH�GHJUHH�RI�
VNLOO�DQG�FDUH�RUGLQDULO\�H[HUFLVHG�E\�D�UHDVRQDEOH�SUXGHQW�HQYLURQPHQWDO�SURIHVVLRQDO�LQ�WKH�
VDPH�FRPPXQLW\�DQG�LQ�WKH�VDPH�WLPH�IUDPH�JLYHQ�WKH�VDPH�RU�VLPLODU�IDFWV�DQG�FLUFXPVWDQFHV��
'RFXPHQWDWLRQ�DQG�GDWD�SURYLGHG�E\�WKH�&OLHQW��GHVLJQDWHG�UHSUHVHQWDWLYHV�RI�WKH�&OLHQW�RU�RWKHU�
LQWHUHVWHG�WKLUG�SDUWLHV��RU�IURP�WKH�SXEOLF�GRPDLQ��DQG�UHIHUUHG�WR�LQ�WKH�SUHSDUDWLRQ�RI�WKLV�
DVVHVVPHQW��KDYH�EHHQ�XVHG�DQG�UHIHUHQFHG�ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�:HVWHUQ�*HR/RJLF�
DVVXPHV�QR�UHVSRQVLELOLW\�RU�OLDELOLW\�IRU�WKHLU�DFFXUDF\���7KH�LQGHSHQGHQW�FRQFOXVLRQV�UHSUHVHQW�
RXU�SURIHVVLRQDO�MXGJPHQW�EDVHG�RQ�LQIRUPDWLRQ�DQG�GDWD�DYDLODEOH�WR�XV�GXULQJ�WKH�FRXUVH�RI�WKLV�
DVVLJQPHQW���)DFWXDO�LQIRUPDWLRQ�UHJDUGLQJ�RSHUDWLRQV��FRQGLWLRQV��DQG�WHVW�GDWD�SURYLGHG�E\�WKH�
&OLHQW�RU�WKHLU�UHSUHVHQWDWLYH�KDV�EHHQ�DVVXPHG�WR�EH�FRUUHFW�DQG�FRPSOHWH���7KH�FRQFOXVLRQV�
SUHVHQWHG�DUH�EDVHG�RQ�WKH�GDWD�SURYLGHG��REVHUYDWLRQV��DQG�FRQGLWLRQV�WKDW�H[LVWHG�DW�WKH�WLPH�RI�
WKH�ILHOG�H[SORUDWLRQ��
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,W�KDV�EHHQ�D�SOHDVXUH�ZRUNLQJ�ZLWK�\RX�RQ�WKLV�SURMHFW���6KRXOG�\RX�KDYH�DQ\�TXHVWLRQV��SOHDVH�
FDOO��
�
�
6LQFHUHO\��
:HVWHUQ�*HR/RJLF��//&� � 5HYLHZHG�E\�� � � � � � � �
�
�
�
�
�
�
�
�
�
%LOO��'��%ODFN��3�*�� � � &UDLJ�9��1HOVRQ��3�*��
6HQLRU�(QJLQHHULQJ�*HRORJLVW�� 3ULQFLSDO�(QJLQHHULQJ�*HRORJLVW� � �

�
�

$77$&+0(176�
)LJXUH�����/RFDWLRQ�0DS�����´[��´��
)LJXUH�����*HRORJLF�0DS�����´[��´��
)LJXUH��$��������$LU�3KRWR�����´[��´��
)LJXUH��%��������/,'$5�,PDJH�����´[��´��
)LJXUH��&��������$LU�3KRWR�����´[��´��
$SSHQGL[���3KRWRJUDSKLF�5HFRUG�RI�6LWH�5HFRQQDLVVDQFH�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
3�?.HOOHU�:LOOLDPV?(GHQ��87���*HRORJLF�+D]DUGV�5HFRQ���6LOYHU�%HOO�(VWDWHV�/RW���������?*HRORJLF�+D]DUGV�5HFRQQDLVVDQFH���6LOYHU�(VWDWHV�/RW�
�����(GHQ��:HEHU�&RXQW\��87�GRF[�

:HVWHUQ�*HRORJLF�3URMHFW�1R�������
�

�ŽƉǇƌŝŐŚƚ�ϮϬϭϳ�ďǇ�tĞƐƚĞƌŶ�'ĞŽůŽŐŝĐ͕�>>�͘��ůů�ƌŝŐŚƚƐ�ƌĞƐĞƌǀĞĚ͘�ZĞƉƌŽĚƵĐƚŝŽŶ�ŝŶ�ĂŶǇ�ŵĞĚŝĂ�Žƌ�ĨŽƌŵĂƚ͕�ŝŶ�ǁŚŽůĞ�Žƌ�ŝŶ�ƉĂƌƚ͕��
ŽĨ�ĂŶǇ�ƌĞƉŽƌƚ�Žƌ�ǁŽƌŬ�ƉƌŽĚƵĐƚ�ŽĨ�tĞƐƚĞƌŶ�'ĞŽůŽŐŝĐ͕�>>�͕�Žƌ�ŝƚƐ�ĂƐƐŽĐŝĂƚĞƐ͕�ŝƐ�ƉƌŽŚŝďŝƚĞĚ�ǁŝƚŚŽƵƚ�ƉƌŝŽƌ�ǁƌŝƚƚĞŶ�ƉĞƌŵŝƐƐŝŽŶ
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$QGHUVRQ��5�(���������7HFWRQLF�HYROXWLRQ�RI�WKH�LQWHUPRQWDQH�V\VWHP��%DVLQ�DQG�5DQJH��&RORUDGR�3ODWHDX��DQG�
+LJK�/DYD�3ODLQV��in�3DNLVHU��/�&���DQG�0RRQH\��:�'���HGLWRUV��*HRSK\VLFDO�IUDPHZRUN�RI�WKH�FRQWLQHQWDO�
8QLWHG�6WDWHV���*HRORJLFDO�6RFLHW\�RI�$PHULFD�0HPRLU������S�����������

�
$UDEDV]��:�-���3HFKPDQQ��-�&���DQG�%URZQ��(�'���������2EVHUYDWLRQDO�VHLVPRORJ\�DQG�HYDOXDWLRQ�RI�HDUWKTXDNH�

KD]DUGV�DQG�ULVN�LQ�WKH�:DVDWFK�)URQW�DUHD��8WDK��in�*RUL��3�/��DQG�+D\V��:�:���HGLWRUV��$VVHVVPHQW�RI�
5HJLRQDO�(DUWKTXDNH�+D]DUGV�DQG�5LVN�DORQJ�WKH�:DVDWFK�)URQW��8WDK���:DVKLQJWRQ��'�&��8�6��*HRORJLFDO�
6XUYH\�3URIHVVLRQDO�3DSHU������'��*RYHUQPHQW�3ULQWLQJ�2IILFH��S��'��'����

�
$YHU\��&KDUOHV��������*URXQG�ZDWHU�K\GURORJ\�RI�2JGHQ�9DOOH\�DQG�VXUURXQGLQJ�DUHD��HDVWHUQ�:HEHU�&RXQW\��8WDK�

DQG�VLPXODWLRQ�RI�JURXQG�ZDWHU�IORZ�LQ�WKH�YDOOH\�ILOO�DTXLIHU�V\VWHP���8WDK�'HSDUWPHQW�RI�1DWXUDO�
5HVRXUFHV��7HFKQLFDO�3XEOLFDWLRQ�QR��������S��

�
%RRUH��'�0���-R\QHU��:�%���DQG�)XPDO��7�(���������(VWLPDWLRQ�RI�5HVSRQVH�6SHFWUD�DQG�3HDN�$FFHOHUDWLRQ�IURP�

:HVWHUQ�1RUWK�$PHULFD�(DUWKTXDNHV��$Q�LQWHULP�UHSRUW���8�6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW����
�����

�
%ODFN��%�'���+HFNHU��6X]DQQH��+\OODQG��0�'���&KULVWHQVRQ��*�(���DQG�0F'RQDOG��*�1���������4XDWHUQDU\�IDXOW�DQG�

IROG�GDWDEDVH�DQG�PDS�RI�8WDK���8WDK�*HRORJLFDO�6XUYH\�0DS����'0��&'�520��
�
%RZPDQ��6�'���DQG�/XQG��:�5���������*XLGHOLQHV�IRU�FRQGXFWLQJ�HQJLQHHULQJ�JHRORJ\�LQYHVWLJDWLRQV�DQG�SUHSDULQJ�

HQJLQHHULQJ�JHRORJ\�UHSRUWV�LQ�8WDK��in %RZPDQ��6�'���DQG�/XQG��:�5���HGLWRUV��*XLGHOLQHV�IRU�
LQYHVWLJDWLQJ�JHRORJLF�KD]DUGV�DQG�SUHSDULQJ�HQJLQHHULQJ�JHRORJ\�UHSRUWV��ZLWK�D�VXJJHVWHG�DSSURDFK�WR�
JHRORJLF�KD]DUG�RUGLQDQFHV�LQ�8WDK��8WDK�*HRORJLFDO�6XUYH\�&LUFXODU������S����±����

�
&RRJDQ��-�&���DQG�.LQJ��-�.���������,QWHULP�*HRORJLF�0DS�RI�WKH�2JGHQ���
�[���
�4XDGUDQJOH��%R[�(OGHU��&DFKH��

'DYLV��0RUJDQ��5LFK��DQG�6XPPLW�&RXQWLHV��8WDK��DQG�8LQWD�&RXQW\��:\RPLQJ��8WDK�*HRORJLFDO�6XUYH\�
2SHQ�)LOH�5HSRUW����'0��VFDOH����������������S��ZLWK�DSSHQGLFHV��

�
&RVWD��-�(���DQG�%DNHU��9�5���������6XUILFLDO�JHRORJ\��EXLOGLQJ�ZLWK�WKH�(DUWK��1HZ�<RUN��-RKQ�:LOH\�DQG�6RQV������

S��
�
*LOEHUW��*�.���������6WXGLHV�RI�%DVLQ�DQG�5DQJH�6WUXFWXUH���8�6��*HRORJLFDO�6XUYH\�3URIHVVLRQDO�3DSHU���������S��
�
*Z\QQ��-�:���(GLWRU���������*UHDW�6DOW�/DNH��$�VFLHQWLILF��KLVWRULFDO��DQG�HFRQRPLF�RYHUYLHZ���8WDK�*HRORJLFDO�

6XUYH\�%XOOHWLQ����������S��
�

-DUUHWW��5�'���DQG�0DOGH��+�(���������3DOHRGLVFKDUJH�RI�WKH�ODWH�3OHLVWRFHQH�%RQQHYLOOH�IORRG��6QDNH�5LYHU��,GDKR��
FRPSXWHG�IURP�QHZ�HYLGHQFH���*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y������S�����������

�
.LQJ��-�.���<RQNHH��$GROSK��DQG�&RRJDQ��-�&���������,QWHULP�JHRORJLF�PDS�RI�WKH�6QRZ�%DVLQ�4XDGUDQJOH�DQG�SDUW�

RI�WKH�+XQWVYLOOH�4XDGUDQJOH��'DYLV��0RUJDQ��$QG�:HEHU�&RXQWLHV��8WDK��8WDK�*HRORJLFDO�6XUYH\�2SHQ�
)LOH�5HSRUW������VFDOH��������������S��SDPSKOHW��

�
/XQG��:�5���(GLWRU����������(QJLQHHULQJ�JHRORJ\�RI�WKH�6DOW�/DNH�&LW\�PHWURSROLWDQ�DUHD��8WDK��8WDK�*HRORJLFDO�

DQG�0LQHUDO�6XUYH\�%XOOHWLQ���������S��
�

0LOOHU��'�0���������0HVR]RLF�DQG�&HQR]RLF�WHFWRQLF�HYROXWLRQ�RI�WKH�QRUWKHDVWHUQ�*UHDW�%DVLQ��in�6KDGGULFN��'�5���
.L]LV��-�5���DQG�+XQVDNHU��(�/��,,,��HGLWRUV��*HRORJ\�DQG�2UH�'HSRVLWV�RI�WKH�1RUWKHDVWHUQ�*UHDW�%DVLQ��
*HRORJLFDO�6RFLHW\�RI�1HYDGD�)LHOG�7ULS�1R�����S���������

�
�
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2¶&RQQRU��-�(���������+\GURORJ\��K\GUDXOLFV��DQG�JHRPRUSKRORJ\�RI�WKH�%RQQHYLOOH�IORRG��*HRORJLFDO�6RFLHW\�RI�
$PHULFD�6SHFLDO�3DSHU���������S��

�
2YLDWW��&�*���������&KURQRORJ\�RI�/DNH�%RQQHYLOOH���������WR��������\U�%�3���4XDWHUQDU\�6FLHQFH�5HYLHZV��Y������

��������S�����������
�

2YLDWW��&�*���&XUUH\��'�5���DQG�6DFN��'RURWK\��������5DGLRFDUERQ�FKURQRORJ\�RI�/DNH�%RQQHYLOOH��(DVWHUQ�*UHDW�
%DVLQ��86$��3DOHRJHRJUDSK\��3DOHRFOLPDWRORJ\��3DOHRHFRORJ\��Y������S�����������

�
6EDU��0�/���%DUD]DQJL��0���'RUPDQ��-���6FKRO]��&�+���DQG�6PLWK��5�%���������7HFWRQLFV�RI�WKH�,QWHUPRXQWDLQ�6HLVPLF�

%HOW��ZHVWHUQ�8QLWHG�6WDWHV��0LFURHDUWKTXDNH�VHLVPLFLW\�DQG�FRPSRVLWH�IDXOW�SODQH�VROXWLRQV���*HRORJLFDO�
6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y������S���������

�
6PLWK��5�%���DQG�$UDEDV]��:�-���������6HLVPLFLW\�RI�WKH�,QWHUPRXQWDLQ�6HLVPLF�%HOW��in�6OHPPRQV��'�%���(QJGDKO��

(�5���=REDFN��0�'���DQG�%ODFNZHOO��'�'���HGLWRUV��1HRWHFWRQLFV�RI�1RUWK�$PHULFD���*HRORJLFDO�6RFLHW\�RI�
$PHULFD��'HFDGH�RI�1RUWK�$PHULFDQ�*HRORJ\�0DS�Y�����S�����������
�

6PLWK��5�%��DQG�6EDU��0�/���������&RQWHPSRUDU\�WHFWRQLFV�DQG�VHLVPLFLW\�RI�WKH�ZHVWHUQ�8QLWHG�6WDWHV�ZLWK�
HPSKDVLV�RQ�WKH�,QWHUPRXQWDLQ�6HLVPLF�%HOW���*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y������S��������������

�
6WHZDUW��-�+���������%DVLQ�UDQJH�VWUXFWXUH�LQ�ZHVWHUQ�1RUWK�$PHULFD��D�UHYLHZ��in�6PLWK��5�%���DQG�(DWRQ��*�3���

HGLWRUV��&HQR]RLF�WHFWRQLFV�DQG�UHJLRQDO�JHRSK\VLFV�RI�WKH�ZHVWHUQ�&RUGLOOHUD���*HRORJLFDO�6RFLHW\�RI�
$PHULFD�0HPRLU������S�����������
�

BBBB��������*HRORJ\�RI�1HYDGD���1HYDGD�%XUHDX�RI�0LQHV�DQG�*HRORJ\�6SHFLDO�3XEOLFDWLRQ����
�

6WRNHV��:�/���������3K\VLRJUDSKLF�VXEGLYLVLRQV�RI�8WDK���8WDK�*HRORJLFDO�DQG�0LQHUDO�6XUYH\�0DS�����VFDOH�
�������������

�
BBBB��������*HRORJ\�RI�8WDK���6DOW�/DNH�&LW\��8QLYHUVLW\�RI�8WDK�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�8WDK�*HRORJLFDO�

DQG�0LQHUDO�6XUYH\������S��
�
6XOOLYDQ��-�7���1HOVRQ��$�5���/D)RUJH��5�&���:RRG��&�.���DQG�+DQVHQ��5�$���������5HJLRQDO�VHLVPRWHFWRQLF�VWXG\�

IRU�WKH�EDFN�YDOOH\V�RI�WKH�:DVDWFK�0RXQWDLQV�LQ�QRUWKHDVWHUQ�8WDK���'HQYHU��&RORUDGR��8�6��%XUHDX�RI�
5HFODPDWLRQ��6HLVPRWHFWRQLF�6HFWLRQ��'LYLVLRQ�RI�*HRORJ\��(QJLQHHULQJ�DQG�5HVHDUFK�&HQWHU��XQSXEOLVKHG�
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