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�&RUUHVSRQGLQJ�DXWKRU��\DONDOL#IXWPLQQD�HGX�QJ

$EVWUDFW�

3DO\QRORJLFDO�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�RQ�WKLUWHHQ��VDPSOHV�REWDLQHG�IURP�WKH�H[SRVHG�VHFWLRQ�
RI�3DWWL�)RUPDWLRQ�RI�D�TXDUU\�IDFH�DW�$KRNR�DUHD��VRXWKHDVWHUQ��%LGD�EDVLQ��1LJHULD��7KH�VDPSOHV�
ZHUH�SURFHVVHG�DQG�DQDO\VHG�IRU�WKHLU�SDO\QRPRUSKV�FRQWHQW�7KH�VDPSOHV�ZHUH�PRGHUDWHO\�ULFK�LQ�
SROOHQ�� VSRUHV� DQG� GLQRIODJHOODWHV�� %DVHG� RQ� UHJXODU� DQG� DEXQGDQW� RFFXUHQFHV� RI� VRPH�
0DDVWULFKWLDQ� UHVWULFWHG� VSHFLHV� OLNH� $XULFXOLLGLWHV� UHWLFXODWXV�� /RQJDSHUWLWHV�
PDUJLQDWXV�)RYHRWULOHWHV� PDUJLQDWXV�DQG� (SKHGULSLWHV� DPERQRLGH� � DQG (FKLWULSRULWHV�
WULDQJXOLIRUPLV��0DDVWULFWKLDQ�DJH�ZDV�DVVLJQHG�WR�WKH�VHFWLRQ��3DOHRHQYLURQPHQWDO�LQWHUSUHWDWLRQ�
EDVHG�RQ� WKH� UHFRYHUHG�SDO\QRPRUSKV� LQ� WKH� OLJKW�RI� WKHLU�HFRORJLFDO�SUHIHUHQFHV� UHYHDOHG� WZR�
GHSRVLWLRQDO�HQYLURQPHQWV��WKH�ORZHU VKDOORZ�PDULQH�VHFWLRQ�DQG�XSSHU�IUHVKZDWHU�VHFWLRQ�EDVHG�
RQ� WKH�RFFXUHQFH�RI�/\JRGLXP�VS �2SHUFXORGLXP VS��'LQRF\VW� LQGHWHUPLQDWH�DQG�3URWHDFLGLWHV
ORQJLVSLQRVXV DQG�)RYHRWULOHWHV�PDUJDULWDH UHVSHFWLYHO\��7KH�VKDOORZ�PDULQH�HQYLURQPHQW��JRHV�
WR� DIILUP� WKH� FRQQHFWLRQ� RI� WKH� EDVLQ� ZLWK� WKH� PDULQH� WUDQVJUHVVLRQ� RI� 7HWK\� VHD� GXULQJ� WKH�
0DDDVWULFKWLDQ�WLPH�

.H\ZRUGV� 3DO\QRVWUDWLJUDSK\��%LGD�%DVLQ��3DWWL�)RUPDWLRQ��3ROOHQ�DQG�6SRUHV��$KRNR��

���,QWURGXFWLRQ
7KH�H[SRVHG�TXDUU\�VHFWLRQ����NP�IURP�/RNRMD�RQ�WKH�$EXMD�� /RNRMD�([SUHVV�ZD\�LV�ORFDWHG�LQ�
WKH�VRXWKHDVWHUQ�SRUWLRQ�RI�WKH�%LGD�EDVLQ��1LJHULD���)LJXUH�����(DUOLHVW�JHRORJLFDO�VWXGLHV�RI�WKH�
EDVLQ�ZHUH�FDUULHG�RXW�E\�)DOFRQHU��������DQG�-RQHV��������������+RZHYHU�WKH�ILUVW�VLJQLILFDQW�
VWXGLHV�RQ�WKH�VWUDWLJUDSK\�DQG�VHGLPHQWRORJ\�ZHUH�WKDW�RI�$GHOH\H��������������������������DQG�
-DQ� GX�&KHQH� HW� DO�� �������ZKR� UHSRUWHG� WKH� SUHVHQFH� RI� XSSHU�&UHWDFHRXV� SDO\QRPRUSKV� LQ�
VRXWKHUQ�%LGD�EDVLQ�
$OVR� 2OXJEHPLUR� � DQG� 1ZDMLGH� ������� GHVFULEHG� VRPH� DVSHFWV� RI� WKH� VHGLPHQWRORJLFDO�
FKDUDFWHULVWLFV�RI�WKH�/RNRMD�)RUPDWLRQ�DQG�%LGD�6DQGVWRQHV�ZKLFK�WKH\�LQWHUSUHWHG�WR�EH�PDLQO\�
FRQWLQHQWDO�GHSRVLWV��$NDQGH�HW�DO��������LQWHUSUHWHG�WKH�VHGLPHQWDU\�VXFFHVVLRQV�LQ�WKH�VRXWKHUQ�
%LGD�EDVLQ� WR�UDQJH�IURP�FRQWLQHQWDO� WR�PDUJLQDO�PDULQH�DQG�PDUVK�GHSRVLWV��7KH\�GHILQHG�WKH�
1XSH�JURXS�WR�FRQVLVW�RI�D�EDVDO�XQH[SRVHG��FRQJORPHUDWHV�RYHUODLQ�E\�%LGD�6DQGVWRQHV�WKH�6DNSH�
,URQVWRQHV��(QDJL�6LOWVWRQH�DQG�%DWDWL�,URQVWRQHV�UHVSHFWLYHO\��6HGLPHQWRORJLFDO�HYLGHQFHV�VXJJHVW�
WKDW�WKH�JURXS�ZDV�GHULYHG�IURP�WKH�EDVHPHQW�FRPSOH[�RI�WKH�VRXWKHUQ�1LJHULD�DQG�ODLG�GRZQ�LQ�
IOXYLDWLOH�DQG�PDULQH�HQYLURQPHQWV�
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ϭϭϳ

)LJXUH��� /RFDWLRQ�RI�WKH�$KRNR�TXDUU\�VHFWLRQ�LQYHVWLJDWHG��6RXWKHDVWHUQ��%LGD�EDVLQ��1LJHULD�
�0RGLILHG�$IWHU��$NDQGH�HW�DO���������

7KH�SUHVHQW�VWXG\�LV�WR�GHVFULEH�WKH�SDO\QRVWUDWLJUDSKLF�FKDUDFWHULVWLFV�RI�WKH�3DWWL�)RUPDWLRQ�IURP�
WKH�H[SRVHG�VHFWLRQ�RI�D�TXDUU\�VLWH�DW�$KRNR�DUHD��6RXWKHDVWHUQ��%LGD�%DVLQ��1LJHULD�WR�GHWHUPLQH�
WKH�JHRORJLF�DJH�DQG�WKH�SDOHRHQYLURQPHQWV�RI�WKH�3DWWL�)RUPDWLRQ��
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LEGEND 
Alluvium Recent and Swamp Forest 

~~m Maastrichtian Agbaja Ironstone Formation 

Maastrichtian Patti Formation 

- Campanian-Maastrichtian Lokoja Formation 

Pre-Cambrian -Lower Palaeozoic Basement Complex 

A Studied Outcrop Location 

J7l Road 
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ϭϭϴ

���6WUDWLJUDSKLF�)UDPHZRUN
6WUDWLJUDSK\�RI�WKH�%LGD�EDVLQ�KDV�EHHQ�GHVFULEHG�E\�VHYHUDO�ZRUNHUV��)DOFRQHU��������GHVFULEHG�
WKH�XSSHU�&UHWDFHRXV�VHGLPHQWDU\�URFNV�LQ�WKH�VRXWKHUQ�ELGD�EDVLQ�DV�ORNRMD�VHULHV��5XVV��������
XVHG�WKH�WHUP�1XSH�*URXS��WR�FROOHFWLYHO\�UHIHU�WR�WKH�VWUDWLJUDSKLF�VXFFHVVLRQV�LQ�ERWK�1RUWKHUQ�
DQG�6RXWKHUQ�%LGD�VXEEDVLQV��-RQHV��������GHVFULEHG�WKH�VHGLPHQWDU\�VXFHVVLRQV�LQ�WKH�VRXWKHUQ�
%LGD�EDVLQ�WR FRQVLVW�RI�&DPSDQLDQ� 0DDVWULFKWLDQ��/RNRMD�DQG�3DWWL�)RUPDWLRQ��6WUDWLJUDSKLFDOO\��
WKH� /RNRMD� 6HULHV� FRQVWLWXWH� $JEDMD� 2ROLWLF� ,URVWRQH� )RUPDWLRQ�� 3DWWL� )RUPDWLRQ� DQG� /RNRMD�
)RUPDWLRQ�7KH�VWUDWLJUDSKLF�VXFFHVVLRQ�RI�WKH�%LGD�%DVLQ�LV�DV�VKRZQ�LQ�)LJXUH���

)LJXUH��� 6WUDWLJUDSKLF�VXFFHVVLRQ�RI�%LGD�%DVLQ��0RGLILHG�$IWHU��$NDQGH�HW�DO��������

����/RNRMD�)RUPDWLRQ
7KH�ORNRMD�)RUPDWLRQ�LV�FRPSRVHG�RI�SHEEO\�FOD\�JULWV�DQG�VDQGVWRQHV�DV�ZHOO�DV�D�IHZ�WKLQ�RROLWLF�
LURQVWRQHV��7KH�EDVDO�FRQJORPHUDWHV�ZKLFK�FRQVLVW�RI�ZHOO�URXQGHG�TXDUW]�SHEEOH�LQ�D�PDWUL[�RI�
ZKLWH�FOD\� LV� UDUHO\�H[SRVHG��$� W\SLFDO� ORFDOLW\�RI� WKH�/RNRMD�)RUPDWLRQ� LV� VHHQ�DURXQG� ,JEDMD�
3ODWHDX��'HVDXYDJLH��������DVVLJQHG�D�0DDVWULFKWLDQ�DJH�WR�LW�DQG�FRQVLGHUHG�WKH�/RNRMD�VDQGVWRQH�
DV�HTXLYDOHQW�RI�1XSH�VDQGVWRQHV�

����3DWWL�)RUPDWLRQ�
-RQHV��������GHVFULEHG�3DWWL�)RUPDWLRQ�DV�FRQVLVWLQJ�RI�ILQH�WR�PHGLXP�JUDLQHG��JUH\�DQG�ZKLWH�
VDQGVWRQHV��FDUERQDFHRXV�VLOWV��VKDOH�DQG�2ROLWLF�LURQVWRQHV��7KLQ�FRDO�EHGV�KDYH�EHHQ�UHFRUGHG�
DQG�ZKLWH�PDVVLYH�JULWW\�FOD\�LV�SUHVHQW��7KH�PD[LPXP�H[SRVHG�WKLFNQHVV�RI�WKH�IRUPDWLRQ�LV�����
P�DQG�WR�WKH�QRUWK�LW�WKLQV�RXW��7KH�RQO\�IRVVLOV�IRXQG�DUH�IUHVKZDWHU�SODQW�UHPDLQV�DQG�VHHGV�LQ�
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ϭϭϵ

FDUERQDFHRXV�EHGV��7KH�3DWWL�)RUPDWLRQ�LV�D�ODWHUDO�HTXLYDOHQW�RI�WKH��(QDJL�6LOWVWRQH�)RUPDWLRQ�
DURXQG�%LGD�DQG�0DPX�)RUPDWLRQ�WR�WKH�HDVW�RI�WKH�1LJHU�%HQXH�FRQIOXHQFH�$GHOH\H��������

����$JEDMD�)RUPDWLRQ
7KH�3ODWHDX�DURXQG�/RNRMD�DUH�DOO�FDSSHG�E\� WKH� OURQVWRQHV�RI� WKH�$JEDMD�)RUPDWLRQ�ZKLFK� LV�
DERXW� �����P� WKLFN��7KH� FRDUVH� JUDLQ� VXEIDFLHV� RI� WKH�(GR]KLJL�PHPEHU� LV� GRPLQDQW�$GHOH\H�
��������7KH�2ROLWHV� DUH� XVXDOO\� VXE�VSKHURLGDO� FORVHO\�SDFNHG� UHG� DQG�EURZQ�JRHWKLWLF�2ROLWLF�
URFNV�7KH�2RLGV�DUH�DERXW�����PP�DYHUDJH�VL]H��EODFNLVK�OXVWURXV�JRHWKLWLF�SLVROLWLF������P��VL]H�
DUH�DEXQGDQW�LQ�WKH�WRS�DUHDV�DQG�UDUHO\�LQ�WKH�EDVDO�SDUWV�$GHOH\H��������

���0DWHULDOV�DQG�0HWKRGV
7KH�VDPSOHV�ZHUH�FROOHFWHG�E\�FDUHIXOO\�VFUDSLQJ�WKH�EHGV�LQ�RUGHU�WR�SUHYHQW�SUHVHQW�GD\�SROOHQ�
FRQWDPLQDWLRQ�DQG�LPPHGLDWHO\�LVRODWLQJ�WKH�VDPSOHV�LQ�SODVWLF EDJV� 7KLUWHHQ�VDPSOHV�PDLQO\�RI�
VKDOHV�VLOWVWRQHV�DQG�FOD\VWRQHV��ZHUH�SURFHVVHG�DFFRUGLQJ�WR�VWDQGDUG�SDO\QRORJLFDO�SURFHGXUHV��
3DO\QRPRUSKV�DVVHPEODJHV�ZHUH�VWXGLHG�LQ�WKHVH�VDPSOHV�IURP�LQWHUYDO�������P�RI�WKH�H[SRVHG�
TXDUU\�VHFWLRQ�DW�$KRNR�DUHD����NP�WR�/RNRMD�$EXMD� /RNRMD�H[SUHVV�ZD\��
���J�RI�WKH�FUXVKHG�URFN�VDPSOHV�ZHUH�GLOXWHG�LQ�������+&O�DQG�WUHDWHG�ZLWK������+)�WR�GLJHVW�
WKH� FDUERQDWH� DQG� VLOLFDWH� FRQWHQW� UHVSHFWLYHO\�� 7R� EUHDN� XS� WKH� DPRUSKRXV� RUJDQLF� PDWWHU�
REVFXULQJ�WKH�SDO\QRPRUSKV��WKH�VDPSOH�ZDV�R[LGL]HG�ZLWK������+12��DQG�QHXWUDOL]HG�LQ�.2+��
(DFK� UHVLGXH�ZHUH� VLHYHG� WKURXJK������PHVK� � DQG�ZDVK�XVLQJ� XOWUDVRQLF� FOHDQLQJ� LQ� RUGHU� WR�
DFKLHYH� � D�EHWWHU�GLVSHUVLRQ�RI� WKH� UHVLGXH��3DO\QRPRUSKV�ZHUH� FRXQWHG�XS� WR����GHWHUPLQDEOH�
VSHFLPHQ��)RU TXDOLWDWLYH�DQG�TXDQWLWDWLYH�VWXG\�RI�WKH�VDPSOHV�VDPSOH�VOLGHV�ZHUH�SUHSDUHG�IRU�
HDFK� DQG� H[DPLQHG� � XVLQJ� RO\PSXV� OLJKW� &;��)6,�PLFURVFRSH� HTXLSSHG�ZLWK� GLJLWDO� FDPHUD��
,GHQWLILFDWLRQ�RI�WKH�SDO\QRPRUSKV�ZDV�LQ�DFFRUGDQFH�ZLWK�:LOOLDPV�HW�DO�������

���5HVXOWV�DQG�'LVFXVVLRQ
�����/LWKRORJLFDO�'HVFULSWLRQ�RI�WKH�$KRNR�4XDUU\�
/LWKRORJLFDO��FKDUDFWHULVWLFV�RI�WKH�VHGLPHQWV�DW�$KRNR�TXDUU\��VKRZHG�WKH�DUJLOODFHRXV�XQLWV�RI�
WKH�3DWWL�)RUPDWLRQ��7KH����P�WKLFN�VHTXHQFH�FRQVLVW�RI�VKDOHV�VLOWVWRQHV��DQG�FOD\VWRQHV�ZKLFK�
DUH� LQWHUEHGGHG� �ZLWK� FRQFUHWLRQDO� WR�PDVVLYH�ELRWXUEDWHG� LURQVWRQHV� � �)LJXUH���7KH�EDVDO� XQLW�
FRQVLVW�RI�D�GDUN�WR�OLJKW�JUH\�FDUERQDFHRXV�VKDOH�RI�DERXW�����P�WKLFN��2YHUO\LQJ�WKH�EDVDO�XQLW�
DUH�YHUWLFDOO\�IUDFWXUHG�VKDOH�XQLWV�ILOOHG�ZLWK�IHUUXJLQLVHG�VLOWVWRQHV�WKH�FRQFUHWLRQDO� LURQVWRQHV�
LQWHUEHGGHG�ZLWK�VKDOHV�ZHUH�QRW�IUDFWXUHG�WKLV�PD\�EH�EHFDXVH�IUDFWXULQJ�SUHFHGHG�WKH�IRUPDWLRQ�
RI�LURQVWRQH�EHGV��$W�WKH�XSSHU�VHFWLRQ�RI�WKH�VHTXHQFH�WKH�VLOW\�VKDOH�DQG�VLOWVWRQHV�LQWHUFDODWLQJ�
ZLWK WKH�LURQVWRQHV�EHFRPH�SURPLQHQW�

�����$JH��'HWHUPLQDWLRQ
7KH�DJH�V\QWKHVLV�RI�WKH�H[SRVHG�$KRNR�TXDUU\�IDFH�ZDV�EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�WKH�UHFRYHUHG�
SDO\QRIORUD� �)LJXUH����� �$�QRQ� � IRVLOLIHURXV�EXW�GDWHDEOH�XSSHU�VHFWLRQ� UHSUHVHQWLQJ�SDUW�RI� WKH�
0DDVVWULFKWLDQ��7KH�VWXGLHG�VHFWLRQ�LV�FKDUDFWHULVHG�E\�LKH�RFFXUHQFH�RI�SROOHQ�DQG�VSRUHV�ZLWK�
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ϭϮϬ

YHU\� IHZ� GLQRIODJHOODWHV�� 7KH� � WD[D� UHFRYHUHG� LQFOXGH� VWUDWLJUDSKLF� VLJQLILFDQW� IRUPV� VXFK� DV�
$XULFXOLLGLWHV� UHWLFXODWXV�� (SKHUGULSLWHV� DPERQRLGHV� /RQJDSHUWLWLWHV� PDUJLQDWXV DQG�
)RYHRWULOHWHV� PDUJLQDWXV� 7KHVH� VSHFLHV� KDYH� EHHQ� UHSRUWHG� E\� VHYHUDO� ZRUNHUV� IURP�
0DDVWULFKWLDQ�VHGLPHQWV� IURP�RWKHU�EDVLQV� LQ�:HVW�$IULFD��1RUWK�$IULFD�DQG�RWKHU�SDUWV�RI� WKH�
ZRUOG���*HUPHUDDG�HW�DO���������+HUQJUHHQ�HW�DO��������$WWD�3HWWHUV�DQG�6DODPL���������������7KH��
RFFXUHQFHV� RI� WKHVH� WD[D� IURP� WKHVWXGLHG� VHFWLRQ� RI� 3DWWL� )RUPDWLRQ� HIIHFWLYHO\� DVVLJQHG�
0DDVWULFKWLDQ�DJH��WR�WKH�LQWHUYDO�

)LJXUH����7KH�OLWKRORJ\�DQG 3DO\QRPRUSKV�UDQJHV�RI�WKH�TXDUU\�VHFWLRQ�$KRNR�DUHD��6RXWKHDVWHUQ�
%LGD�EDVLQ��1LJHULD�

�����3DOHRHQYLURQPHQWV�DQG�3DOHRHFRORJ\
7KH�&UHWDFHRXV�PLFURIORUDO�SURYLQFHV�GLVFXVVHG�E\�+HUQJUHHQ�DQG�&KORQRYD��������VKRZHG�WKDW�
WKH�:HVW�$IULFDQ�SURYLQFH�LV�VLWXDWHG�ZLWKLQ�WKH�ODWH�&UHWDFHRXV�3DOPDH�3URYLQFH��7KLV�LV�DIILUPHG�
E\�WKH�RFFXUHQFH�RI ORQJDSHUWLWHV VXJJHVWLQJ�D�WURSLFDO�FOLPDWH��$OVR�WKH�SUHVHQFH�RI�5HWLGLSRULWHV�
VSLQL]RQRFROSLWHV DQG�(FKLPRQRFROSLWHV EHORQJLQJ�WR�WKH�VHPL�PDQJRRYH�VZDPSV�*HUPHUDDG�HW�
DO���������� -DQ� GX� &KHQH� ������� VXJJHVWHG� D� PDQJURRYH� HQYLURQPHQW� LQ� WKH�0DDVWULFKWLDQ� RI�
1LJHULD�RQ�WKH�EDVLV�RI�WKH�RFFXUHQFH�RI�6SLQL]RQRFRSODVSLWHV�EDFXODWXV�
7KH� VLJQLILFDQW� RFFXUHQFH� RI� WKH� SDOPDH� SROOHQ� RI� (FKLWULSRULWHV DQG� /RQJDSHUWLWHV DQG�
3WHULGRSK\WHV� SRLQW� WR� D� YHJHWDWLRQ� GHYHORSHG� XQGHU� D� SUHGRPLQDQW� KXPLG� FOLPDWH� GXULQJ� WKH�
0DDVWULFKWLDQ�WLPH�LQ�WKH�EDVLQ��7KH�RFFXUHQFH�RI�/\JRGLXP VS��&ULEVRSHULGLXP��2SHUFXORGLXP
ZKLFK�JHQHUDOO\�GR�QRW� H[FHHG���P� IURP� WKH�EDVH�VHUYH� WR�GHOLQHDWH� WKH�PDULQH�VHFWLRQ�RI� WKH�
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3DO\QRVWUDWLJUDSK\�RI�WKH�([SRVHG�6HFWLRQ�RI��3DWWL��)RUPDWLRQ�$KRNR�4XDUU\��6RXWKHDVWHUQ��%LGD�
%DVLQ��1LJHULD

ϭϮϭ

VHTXHQFH�ZKLOH�WKH�XSSHU�VHFWLRQ�LV�JHQHUDOO\�EDUUHQ�RI�WKH�IRVVLO�EXW�WKH�WKH�SUHVHQFH�RI�WKH�ODQG�
GHULYHG�PLRVSRUHV�VXFK�DV�3URWHDFLGLWHV�ORQJLVSLQRVXV��)RYHRWULOHWHV�PDUJDULWDH��/RQJDSHUWLWHV�
PDUJLQDWXV��3HGLDVWUXP VS�VXJJHVW�IUHVKZDWHU�HQYLURQPHQW�FRQGLWLRQ�

3ODWH�,� 3KRWRPLFURJUDSK�RI�VRPH�FKDUDFWHULVWLF�SDO\QRPRUSKV��[������

ϭ �ƉŚĞĚƌŝƉŝƚĞƐ�ĂŵďŽŶŽŝĚĞƐ ϭϭ �ƵƌŝĐƵůůŝĚŝƚĞƐ�ƌĞƚŝĐƵůĂƚƵƐ
Ϯ WƌŽƚĞĂĐŝĚŝƚĞƐ�ůŽŶŐŝƐƉŝŶŽƐƵƐ ϭϮ &ŽǀĞŽƚƌŝůĞƚĞƐ�ŵĂƌŐĂƌŝƚĂĞ
ϯ dƵďŝƐƚĞƉŚĂŶŽĐŽůƉŝƚĞƐ�ĐǇůŝŶĚƌŝĐƵƐ ϭϯ dƌŝĐŚŽƚŽŵŽƐƵůĐŝƚĞƐ�ƐƉ
ϰ >ŽŶŐĂƉĞƌƚŝƚĞƐ�ŵŝĐƌŽĨŽǀĞŽůĂƚƵƐ������� ϭϰ ZĞƚŝĚŝƉŽƌŝƚĞƐ�ƐƉ
ϱ dƵďŝƐƚĞƉŚĂŶŽĐŽůƉŝƚĞƐ�ĐǇůŝŶĚƌŝĐƵƐ ϭϱ �ŝŶŐƵůĂƚŝƐƉŽƌŝƚĞƐ�ŽƌŶĂƚƵƐ
ϲ WƌŽƚĞĂĐŝĚŝƚĞƐ�ůŽŶŐŝƐƉŝŶŽƐƵƐ ϭϲ �ŚůŽƌŽƉŚǇƚƵŵ�ƚƵďĞƌŽƐƵŵ
ϳ >ŽŶŐĂƉĞƌƚŝƚĞƐ�ƐƉ ϭϳ �ƌŝďƐŽƉĞƌĚŝŶŝƵŵ�ƐƉ
ϴ /ƐĐŚǇŽƉŽƌŝƚĞƐ�ƐƉ ϭϴ /ƐĐŚǇŽƐƉŽƌŝƚĞƐ�ƐƉ
ϵ DŽŶŽĐŽůƉŽƉŽůůĞŶŝƚĞƐ�ƐƉŚĞƌŽŝĚŝƚĞƐ ϭϵ �ŝŶŐƵůĂƚŝƐƉŽƌŝƚĞƐ�ŽƌŶĂƚƵƐ
ϭϬ �ƵƌŝĐƵůůŝĚŝƚĞƐ�ƌĞƚŝĐƵůĂƚƵƐ ϮϬ >ŽŶŐĂƉĞƌƚŝƚĞƐ�ŵĂƌŐŝŶĂƚƵƐ�

•••• 
• • • • • 



$ONDOL��<��%���2OXZDIHPL���2��2���&KXNZXPD�2UML��-��1� � DQG 7DLZR��2��)� ������

ϭϮϮ

�����&RQFOXVLRQ
7KH�H[SRVHG�VHFWLRQ�RI�$KRNR�TXDUU\�ZDV�DVVLJQHG�0DDVWULFKWLDQ�DJH�EDVHG�RQ�WKH�0DDVWULFKWLDQ�
UHVWULFWHG� IRUPV� VXFK� DV� $XULFXOLLGLWHV� UHWLFXODWXV� DQG� (SKHGULSLWHV� DPERQRLGHV�
3DOHRHQYLURQPHQWDO� LQWHUSUHWDWLRQ� RI� WKH� VHFWLRQ� GHOLQHDWHG� WKH� VHTXHQFH� LQWR� WZR� WKH� ORZHU�
PDULQH�VHFWLRQ���� ��P��DQG�WKH�XSSHU�IUHVKZDWHU�LQWHUYDO�������P���7KH�IRUPHU�LV�FKDUDFWHUL]HG�E\�
WKH� RFFXUUHQFH� RI� PDULQH� GLQRF\VW� DQG� VFDQW\� SUHVHQFH� RI� WHUUHVWULDOO\� GHULYHG� SDO\QRPRUSKV�
UHSUHVHQWHG�E\�/\JRGLXP�VS��&ULEVRSHULGLXP�VS�DQG�2SHUFXORGLXP�VS�ZKLOH�WKH�ODWWHU�VHFWLRQ����
���P��LV�XQIRVVLOLIHURXV�DQG�LV�FKDUDFWHULVHG�E\�WKH�DEVHQFH�RI�PDULQH�GLQRF\VW�DQG�SUHVHQFH�RI�
WHUUHVWULDOO\�GHULYHG�SDO\QRPRUSKV��7KH�SUHVHQFH�RI�SDOPDH�W\SH�SROOHQ�VXJJHVW�WKH�SUHYDOHQFH�RI�
WURSLFDO�KXPLG�FOLPDWH�GXULQJ�0DDVWULFKWLDQ�WLPH��

5HIHUHQFHV�
$GHOH\H��'��5����������2ULJLQ�RI�LURQVWRQHV��DQ�H[DPSOH�IURP�WKH�0LGGOH�1LJHU�YDOOH\��1LJHULD��

-RXUQDO�RI�6HGLPHQWDU\�3HWURORJ\���������������
$GHOH\H�� '�� 5�� �������� 6HGLPHQWRORJ\� RI� WKH� IOXYLDO� %LGD� 6DQGVWRQHV� �&UHWDFHRXV�� 1LJHULD��

6HGLPHQWDU\�*HRORJ\������������
$GHOH\H��'��5�� ��������1LJHULDQ� ODWH�&UHWDFHRXV�VWUDWLJUDSK\�DQG�SDOHRJHRJUDSK\��$$3*�%XOO�

�������±������
$GHOH\H� '�� 5�� �������� 7KH� JHRORJ\� RI� WKH�0LG�1LJHU� %DVLQ�� ,Q�� .RJEH� &$� �HG�� *HRORJ\� RI�

1LJHULD���QG�HGQ��(OL]DEHWKDQ�3XEOLVKLQJ�&R���/DJRV��SS����������
$NDQGH��6��2���2MR��2��-��DQG (UGWPDQQ��%��'�����������3DOHRHQYLURQPHQWV��2UJDQLF�3HWURORJ\
DQG�5RFN�(YDO�VWXGLHV�RQ�VRXUFH�URFN�IDFLHV�RI�WKH�&DPSDQLDQ�WR�0DDVWULFKWLDQ�3DWWL�)RUPDWLRQ��

VRXWKHUQ�%LGD�EDVLQ��1LJHULD���-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFHV����������� �����
$WWD�3HWHUV��'���DQG 6DODPL��0��%�����������/DWH�&UHWDFHRXV�WR�HDUO\�7HUWLDU\�3ROOHQ�*UDLQV�IURP�

2IIVKRUH�7DQR�%DVLQ��6RXWKZHVWHUQ�*KDQD�5HYLVWD�(VSDxROD�GH�0LFURSDOHRQWRORJtD���������
SS�����������

$WWD�3HWHUV��'��DQG 6DODPL��0��%����������$SWLDQ±0DDVWULFKWLDQ�SDO\QRPRUSKV�IURP�WKH�RIIVKRUH�
7DQR�%DVLQ��:HVWHUQ�*KDQD�-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFHV�9ROXPH�����,VVXH�������������

)DOFRQHU��-��'����������7KH�JHRORJ\�DQG�JHRJUDSK\�RI�QRUWKHUQ�1LJHULD��0DFPLOODQ��/RQGRQ����
*HUPHUDDG��-��-���+RSSLQJV��&��$��DQG 0XOOHU�-�� ��������3DO\QRORJ\�RI�7HUWLDU\�VHGLPHQW� IURP�

7URSLFDO�DUHDV��5HYLHZ�RI�3DOHRERWDQ\�DQG���3DO\QRORJ\�������� SS�����������
-DQ�GX�&KrQH��5���2Q\LNH��0��6��DQG 6RZXPL��0��$����������6RPH�1HZ�(RFHQH�3ROOHQ�RI�WKH�

2JZDVKL�$VDED�)RUPDWLRQ�� 6RXWKHDVWHUQ�1LJHULD��5HYLVWD�'H�(VSDQRO�0LFUSDOHRQWRORJLH��
9RO������SS�����������

+HUQJUHHQ��*�� )��:�� DQG &KORQRYD��$��)�� ��������&UHWDFHRXV�PLFURIORUDO� SURYLQFHV�� 3ROOHQ� HW�
6SRUHV���������������

+HUQJUHHQ��*��)��:����������&UHWDFHRXV�VSRURPRUSK�SURYLQFHV�DQG�HYHQWV�LQ�WKH�HTXDWRULDO�UHJLRQ��
=HQWUDOEODWW�IXU�*HRORJLH�XQG�3DOlRQWROJLH������������������������� ������

-RQHV�� +�� $�� �������� 7KH� RROLWLF� LURQVWRQH� RI� $JEDMD� 3ODWHDX�� .DEED� 3URYLQFH�� 5HFRUG� RI����
*HRORJLFDO�6XUYH\�1LJHULD���SULQWHG�LQ���������������



3DO\QRVWUDWLJUDSK\�RI�WKH�([SRVHG�6HFWLRQ�RI��3DWWL��)RUPDWLRQ�$KRNR�4XDUU\��6RXWKHDVWHUQ��%LGD�
%DVLQ��1LJHULD

ϭϮϯ

-RQHV��+��$�� �������� 7KH� RROLWLF� LURQVWRQH� RI�$JEDMD� 3ODWHDX��.DEED� 3URYLQFH�� 5HFRUG� RI� WKH�
*HRORJLFDO�VXUYH\�RI�1LJHULD��SS����± ����

2OXJEHPLUR��5��DQG 1ZDMLGH��&��6�����������*UDLQ�VL]H�GLVWULEXWLRQ�DQG�SDUWLFOH�PRUSKRJHQHVLV�DV�
VLJQDWXUHV�RI�GHSRVLWLRQDO�HQYLURQPHQWV�RI�&UHWDFHRXV��QRQ�IHUUXJLQHRXV��IDFLHV�LQ�WKH�%LGD�
%DVLQ��1LJHULD��-RXUQDO�RI�0LQLQJ�DQG�*HRORJ\�������������

5XVV��:����������7KH�0LQQD� %LUQLQ�*ZDUL�EHOWV��5HSRUWV�RI�WKH�VXUYH\�RI�1LJHULD��3�������
:LOOLDPV��*��/���/HQWLQ��-��.���DQG )HQVRPH��5��$����������7KH�/HQWLQ�DQG�:LOOLDPV�,QGH[�RI�)RVVLO�

'LQRIODJHOODWH�&\VWV�������HG����$P��$VVRF��6WUDWLJU��3DO\QRO���&RQWULE��6HU���9RO��


