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$��5��6UHHUDQMLQL�
��1��$VKRN��
9��5��,QGX���.��0��/XF\���6��0D\D��DQG�
-��-��&KXQJDWK�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��
0DQQXWK\��.HUDOD�±��������5HFHLYHG�������������

$FFHSWHG�������������


&RUUHVSRQGLQJ�DXWKRU¶V�H�PDLO��VUHHUDQMLQLDU#\DKRR�FRP
�	���$VVLVWDQW�3URIHVVRUV
����� 3URIHVVRU�	�+HDG
��� 3URIHVVRU
��� 3URIHVVRU�DQG�+HDG��&9$6��3RRNRGH��:D\DQDG
��� 3URIHVVRU�	�+HDG

$EVWUDFW
7KH� SUHVHQW� VWXG\� ZDV� FRQGXFWHG� RQ�

WKH�DWODV�DQG�D[LV�RI� DQ�HLJKW� \HDU�ROG��PDOH�
*UHHQ�ZLQJHG�0DFDZ��EURXJKW�IRU�SRVW�PRUWHP�
H[DPLQDWLRQ� WR� WKH� 'HSDUWPHQW� RI� 9HWHULQDU\�
3DWKRORJ\� DW� WKH� &ROOHJH� RI� 9HWHULQDU\� DQG�
$QLPDO� 6FLHQFHV�� 0DQQXWK\�� 7KULVVXU�� 7KH�
DWODV� ZDV� ULQJ� VKDSHG� DQG� SUHVHQWHG� GRUVDO�
DQG�YHQWUDO�DUFKHV��7KH�GRUVDO�DUFK�ZDV�FRQYH[�
WUDQVYHUVHO\�DQG�HQFORVHG�D�ODUJH��WUDQVYHUVHO\�
RYRLG�� YHUWHEUDO� IRUDPHQ� EHWZHHQ� WKH� WZR�
DUFKHV��&DXGDO�SDUW�RI�GRUVDO�DUFK�DUWLFXODWHG�
ZLWK� WKH� FUDQLDO� DUWLFXODU� SURFHVVHV� RI� WKH�
D[LV�� 7KH� YHQWUDO� DUFK� SUHVHQWHG� FUDQLDO� DQG�
FDXGDO� DUWLFXODU� VXUIDFHV� DQG� D� YHQWUDO� FUHVW��
7KH� FUDQLDO� DUWLFXODU� VRFNHW� WKDW� DUWLFXODWHG�
ZLWK�WKH�RFFLSLWDO�FRQG\OH�ZDV�D�PRUH�GLVWLQFW�
JOHQRLG� FDYLW\��7KH�D[LV� DUWLFXODWHG�ZLWK� DWODV�
WKURXJK�D�IRUDPHQ�VHHQ�GRUVDO�WR�WKH�DUWLFXODU�
VRFNHW��7KH�FDXGDO�DUWLFXODU�VXUIDFH�RI�YHQWUDO�
DUFK�SUHVHQWHG�D�FRQYH[�VHPLFLUFXODU�DUWLFXODU�
IDFHW�YHQWUDOO\�DQG�D�SHUIRUDWHG��FRQFDYH�DUHD�
GRUVDOO\�IRU�GHQV���$�ZHOO�GHYHORSHG�YHQWUDO�FUHVW�
SRLQWHG�FDXGR�YHQWUDOO\�IURP�WKH�YHQWUDO�DUFK��
7KH� D[LV� ZDV� VKRUWHU� DQG� FRQWDLQHG� D� ERG\�
DQG� GRUVDO� DUFK�� 7KH� GRUVDO� DUFK� SUHVHQWHG�
D� ZHOO� GHYHORSHG� GRUVDO� VSLQRXV� SURFHVV��

&UDQLDO� DUWLFXODU� SURFHVV� ZDV� LQGLVWLQFW�
ZKHUHDV� WKH� FDXGDO� DUWLFXODU� SURFHVV� ZDV�
ODUJH��SULVPDWLF�DQG�SRLQWHG��7KH�GHQV�RI�D[LV�
ZDV�VKRUW�DQG�VWXPS�DQG�DUWLFXODWHG� WKURXJK�
WKH�IRUDPHQ�VHHQ�LQ�WKH�YHQWUDO�DUFK�RI�DWODV��
7KH�ERG\�SUHVHQWHG�DQ�DUWLFXODU�IRYHD�FDXGDOO\�
WKDW�DUWLFXODWHG�ZLWK� WKH�ERG\�RI� WKLUG�FHUYLFDO�
YHUWHEUD��9HQWUDO�WR�FUDQLDO�DUWLFXODU�SURFHVVHV�
RQ� HLWKHU� VLGH�� IRUDPHQ� WUDQVYHUVDULXP� ZDV�
QRWLFHG�� 9HQWUDO� VXUIDFH� RI� WKH� ERG\� RI� D[LV�
IXUQLVKHG�D�GLVWLQFW�YHQWUDO�FUHVW��6R��WKH�DWODV�
DQG� D[LV� RI� *UHHQ�ZLQJHG� PDFDZ� VKRZHG�
PRUSKRORJLFDO� IHDWXUHV� WKDW� DOORZHG� IUHH�
URWDWLRQ� RI� WKH� QHFN�ZLWKRXW� FDXVLQJ� GDPDJH�
RI�WKH�GHOLFDWH�EORRG�YHVVHOV�RI�KHDG�DQG�QHFN�
.H\�ZRUGV���0RUSKRORJ\���JURVV�DQDWRP\���DWODV��
D[LV��*UHHQ�ZLQJHG�PDFDZ

7KH� QHFN� RI� ELUGV� KHOSV� WR� SHUIRUP�
YDULRXV� IXQFWLRQV� OLNH� SUHKHQVLRQ�� KHDG�
EDODQFLQJ� GXULQJ� ORFRPRWLRQ�� RULHQWDWLRQ��
SUHHQLQJ��GLVSOD\��HWF��7KH�QXPEHU�RI�FHUYLFDO�
YHUWHEUDH� LQ� ELUGV� LV� KLJKO\� YDULDEOH� ��±��� LQ�
SDUURWV�� ��±��� LQ� VZDQV��� 6L]H��PRUSKRORJ\�
DQG�QXPEHU�RI� YHUWHEUDH�DUH� WKUHH� LPSRUWDQW�
YDULDEOHV� LQYROYHG� LQ� WKH�PRWLRQ� RI� WKH� QHFN�
�7DPEXVVL��HW�DO������������������������������
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$FFRUGLQJ� WR� 9DQ�'HU� /HHXZ� � HW� DO��
������� WKH� GLIIHUHQFH� EHWZHHQ� FKLFNHQ� DQG�
GXFNV� LQ�PRYHPHQW� SDWWHUQ� RI� QHFN�� UHVXOWV�
IURP�ERWK�D�GLIIHUHQFH�LQ�WKH�FRQWURO�V\VWHP�RI�
WKH�QHFN��DQG�D�GLIIHUHQFH�LQ�WKH�DQDWRP\��,Q�WKH�
SUHVHQW�VWXG\��WKH�PRUSKRORJLFDO�IHDWXUHV�RI�WKH�
DWODV�DQG�D[LV�RI�DQ�HLJKW�\HDU�ROG�PDOH�*UHHQ�
ZLQJHG�0DFDZ�ZDV�QRWHG�DQG�ZDV�FRPSDUHG�
ZLWK�WKDW�RI�GRPHVWLF�IRZO�
0DWHULDOV�DQG�0HWKRGV

7KH� SUHVHQW� VWXG\� ZDV� FRQGXFWHG�
RQ� WKH� DWODV� DQG� D[LV� RI� DQ� HLJKW� \HDU� ROG�
PDOH�*UHHQ�ZLQJHG�0DFDZ�� EURXJKW� IRU� SRVW�
PRUWHP� WR� WKH�'HSDUWPHQW� RI� 3DWKRORJ\� DW�
WKH�&ROOHJH�RI�9HWHULQDU\�	�$QLPDO�6FLHQFHV��
0DQQXWK\��7KULVVXU��7KH�ERQHV�ZHUH�FOHDQHG�
DQG�H[DPLQHG� IRU�VWXG\LQJ� WKH�PRUSKRORJLFDO�
IHDWXUHV� DQG� ZHUH� FRPSDUHG� ZLWK� WKDW� RI�
GRPHVWLF�IRZO�
5HVXOWV�DQG�'LVFXVVLRQ

7KH�DWODV�ZDV�DQ�DW\SLFDO��ULQJ�VKDSHG�
YHUWHEUD� ZLWK� D� GRUVDO� DUFK� DQG� D� YHQWUDO�

DUFK�DV�UHSRUWHG�E\�1LFNHO�HW�DO���������LQ�WKH�
GRPHVWLF� IRZO�� 7KH� GRUVDO� DUFK� ZDV� FRQYH[�
WUDQVYHUVHO\�� EXW� ZDV� OHVV� FRQYH[� DQG� ZLGHU�
WKDQ�WKDW� LQ�IRZO��7KH�ODUJH�YHUWHEUDO�IRUDPHQ�
EHWZHHQ� WKH� GRUVDO� DQG� YHQWUDO� DUFK� ZDV�
ODUJH� DQG� WUDQVYHUVHO\� RYRLG� �)LJ����� 7KH�
YHQWUDO� DUFK� SUHVHQWHG� FUDQLDO� DQG� FDXGDO�
DUWLFXODU� VXUIDFHV� DQG� D� YHQWUDO� FUHVW�� 7KH�
DUWLFXODU� VXUIDFH� VHHQ� RQ� WKH� FUDQLDO� VLGH� RI�
YHQWUDO� DUFK� WKDW� DUWLFXODWHG� ZLWK� WKH� VLQJOH�
RFFLSLWDO�FRQG\OH�ZDV�D�ODUJH�DQG�PRUH�GLVWLQFW�
JOHQRLG� FDYLW\�� 7KH� DWODQWR�RFFLSLWDO� MRLQW� LV�
H[FHSWLRQDOO\�PRELOH�DQG�DOORZV�WKH�EHDN�WR�EH�
XVHG� IRU�D�ZLGH�YDULHW\�RI� WDVNV� �0F�/HOODQG��
������� %LWRLX� HW� DO�� ������� REVHUYHG� WKDW� WKH�
JOHQRLG�FDYLW\�WKDW�DUWLFXODWHG�ZLWK�WKH�RFFLSLWDO�
FRQG\OH� LQ� &RPPRQ�%X]]DUG�ZDV� KDOI�PRRQ�
VKDSHG�� 'RUVDO� WR� WKH� DUWLFXODU� VRFNHW� IRU�
RFFLSLWDO�FRQG\OH��WKH�DWODV�RI�IRZO�SUHVHQWHG�D�
GHSUHVVLRQ�IRU�WKH�GHQV�RI�D[LV��%XW�LQ�PDFDZ��
LQVWHDG� RI� GHSUHVVLRQ�� WKH� D[LV� DUWLFXODWHG�
WKURXJK�D�IRUDPHQ�VHHQ�GRUVDO�WR�WKH�DUWLFXODU�
VRFNHW��

)LJ�����$WODV�RI�*UHHQ�ZLQJHG�PDFDZ�DQG�GRPHVWLF�
IRZO±�&UDQLDO�YLHZ
'��'RUVDO� DUFK�� 9�� 9HQWUDO� DUFK�� 9)�� 9HUWHEUDO� IRUDPHQ��
9&��9HQWUDO�FUHVW��2��$UWLFXODU�VRFNHW� IRU�RFFLSLWDO�FRQG\OH��
$��$UWLFXODU�DUHD�IRU�GHQV�RI�D[LV

)LJ�����$WODV�RI�*UHHQ�ZLQJHG�PDFDZ�DQG�GRPHVWLF�
IRZO±�&DXGDO�YLHZ
'��'RUVDO�DUFK��9��9HQWUDO�DUFK��9)��9HUWHEUDO�IRUDPHQ��9&��
9HQWUDO�FUHVW��$��$UWLFXODU�DUHD�IRU�GHQV�RI�D[LV

)LJ������$[LV�RI�*UHHQ�ZLQJHG�PDFDZ�DQG�GRPHVWLF�
IRZO±/DWHUDO�YLHZ
'�'HQV��&�&UDQLDO�DUWLFXODU�SURFHVV��&$�&DXGDO�DUWLFXODU�
SURFHVV��6��6SLQRXV�SURFHVV��9&�9HQWUDO�FUHVW

)LJ������$[LV�RI�*UHHQ�ZLQJHG�PDFDZ�DQG�GRPHVWLF�IRZO±&UDQLDO�YLHZ
'�'HQV��&�&UDQLDO� DUWLFXODU� SURFHVV��&$�&DXGDO� DUWLFXODU�
SURFHVV��6��6SLQRXV�SURFHVV��9&�9HQWUDO�FUHVW��)�)RUDPHQ�
WUDQVYHUVDULXP
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&DXGDO� SDUW� RI� GRUVDO� DUFK� WKDW�
DUWLFXODWHG�ZLWK�WKH�FUDQLDO�DUWLFXODU�SURFHVVHV�
RI�WKH�D[LV�GLG�QRW�SUHVHQW�WKH�ODWHUDO�SURFHVVHV�
VHHQ� LQ� IRZO�� 7KH� FDXGDO� DUWLFXODU� VXUIDFH� RI�
YHQWUDO�DUFK�SUHVHQWHG�D�FRQYH[�VHPLFLUFXODU�
DUWLFXODU� IDFHW� YHQWUDOO\� ZKLFK� DUWLFXODWHG�
ZLWK� WKH� FRQFDYH� DUWLFXODU� IRYHD� YHQWUDO� WR�
GHQV�DQG�D�SHUIRUDWHG�FRQFDYH�DUHD�GRUVDOO\�
WKDW� DUWLFXODWHG� ZLWK� WKH� GHQV� �)LJ�� ���� 7KLV�
VXUIDFH�ZDV�ZLGHU��GHHSHU�DQG�PRUH�H[WHQVLYH�
LQ� PDFDZ� WKDQ� WKDW� LQ� IRZO�� 8QOLNH� LQ� IRZO��
WKH� YHQWUDO� DUFK� LQ� PDFDZ� IXUQLVKHG� D� ZHOO�
GHYHORSHG� YHQWUDO� FUHVW� WKDW� SRLQWHG� FDXGR�
YHQWUDOO\��

7KH�D[LV�ZDV�VKRUWHU� WKDQ� WKDW� LQ� IRZO�
DQG�FRQWDLQHG�D�ERG\�DQG�GRUVDO�DUFK��)LJ������
7KH� GRUVDO� DUFK� SUHVHQWHG� D� GRUVDO� VSLQRXV�
SURFHVV�WKDW�ZDV�ZHOO�GHYHORSHG�DV�LQ�GXFN�DQG�
JRRVH��1LFNHO�HW�DO����������7KH�FUDQLDO�DUWLFXODU�
ZKHUHDV� LQ� IRZO� LW� ZDV� GLVWLQFW�� 7KLV� IHDWXUH�
DOORZHG�HDV\�URWDWLRQ�RI�D[LV�DURXQG�DWODV��7KH�
FDXGDO� DUWLFXODU� SURFHVV�ZDV� ODUJH�� SULVPDWLF�
DQG� SRLQWHG� FDXGR�GRUVDOO\� ZKHUHDV� LW� ZDV�
TXDGULODWHUDO� LQ� IRZO�� � 7KH\� IXUQLVKHG� IDFHWV�
YHQWUDOO\�ZKLFK�DUWLFXODWHG�ZLWK�FUDQLDO�DUWLFXODU�
SURFHVVHV�RI�WKLUG�FHUYLFDO�YHUWHEUD��7KH�GHQV�
RI�D[LV�ZDV�VKRUW�DQG�VWXPS�WKDQ�WKDW� LQ�IRZO�
DQG� DUWLFXODWHG� WKURXJK� WKH� IRUDPHQ� VHHQ� LQ�
WKH�YHQWUDO�DUFK�RI�DWODV��7KH�ERG\�SUHVHQWHG�
DQ�DUWLFXODU�IRYHD�FDXGDOO\�WKDW�DUWLFXODWHG�ZLWK�
FUDQLDO� VXUIDFH� RI� WKH� ERG\� RI� WKLUG� FHUYLFDO�
YHUWHEUD��9HQWUDO�WR�FUDQLDO�DUWLFXODU�SURFHVVHV�
RQ�HLWKHU�VLGH�� IRUDPHQ� WUDQVYHUVDULXP�ZKLFK�
FRQGXFWHG� YHUWHEUDO� DUWHU\�� YHLQ� DQG� QHUYHV�
ZDV�QRWLFHG�LQVWHDG�RI�JURRYHV�LQ�IRZO��)LJ������
7KH�H[WUD�VSDFH� LQ� WKH� WUDQVYHUVH� IRUDPLQDH��
DV�WKH�KROHV�VXUURXQGLQJ�WKH�YHUWHEUDO�DUWHULHV�
FUHDWHV� D� VHW� RI� FXVKLRQLQJ� DLU� SRFNHWV� WKDW�
DOORZ�WKH�DUWHU\�WR�PRYH�DURXQG�ZKHQ�WZLVWHG�
�-RKQ�+RSNLQV�0HGLFLQH���������9HQWUDO�VXUIDFH�
RI� WKH� ERG\� IXUQLVKHG� D� GLVWLQFW� YHQWUDO� FUHVW�
ZKLFK�ZDV�WDOOHU�WKDQ�WKDW�LQ�IRZO��)LJ����� %LWRLX�
HW�DO���������UHSRUWHG�WKH�SUHVHQFH�RI�D�YHQWUDO�

VSLQH�RI���PP� OHQJWK� LQ� WKH�D[LV�RI�&RPPRQ�
%X]]DUG�� ,Q� QXWVKHOO�� WKH� DWODV� DQG� D[LV� RI�
*UHHQ�ZLQJHG�PDFDZ� VKRZHG�PRUSKRORJLFDO�
IHDWXUHV�WKDW�DOORZHG�IUHH�URWDWLRQ�RI�WKH�QHFN�
ZLWKRXW�FDXVLQJ�GDPDJH�RI�WKH�GHOLFDWH�EORRG�
YHVVHOV�RI�KHDG�DQG�QHFN�
5HIHUHQFHV
%LWRLX��&��� %HOX��&��� 3UHGRL��*���*HRUJHVFX��%���

'XPLWUHVFX�� ,�� DQG� � � 0RLVD�� '�� ������
$VSHFWV� UHJDUGLQJ� WKH� PRUSKRORJ\� RI�
WUXQN�VNHOHWRQ�IURP�WKH�&RPPRQ�%X]]DUG�
�%XWHR� EXWHR��� �%XOO��8$690�9HW��0HG�
�����������

-RKQV� � +RSNLQV� �0HGLFLQH�� ������ -DQ�� ����
2ZO� P\VWHU\� XQUDYHOOHG�� 6FLHQWLVWV�
H[SODLQ� KRZ� ELUG� FDQ� URWDWH� LWV� KHDG�
ZLWKRXW� FXWWLQJ� RII� EORRG� VXSSO\� WR�
EUDLQ��6FLHQFH�'DLO\�>RQ�OLQH@��$YDLODEOH��
KWWS���ZZZ�VFLHQFHGDLO\�FRP� �UHOHDVHV��
���������������������KWP� >���0D\�
����@�

0F�/HOODQG�� -�� ������$�&RORXU�$WODV�RI�$YLDQ�
$QDWRP\��:ROIH�3XEOLVKLQJ�/WG��(QJODQG��
���S�

1LFNHO��5���6FKXPPHU��$���DQG�6HLIHUOH��(���������
$QDWRP\�RI�WKH�'RPHVWLF�%LUGV����QG�HG���
9HUODJ���3DXO��3DUH\���%HUOLQ��+DPEXUJ��
SS��������

9DQ� 'HU� /HHXZ��$�� +�� -��� %RXW�� 5�� *�� DQG��
=ZHHUV�� *��$�� ������ &RQWURO� RI� WKH�
FUDQLR�FHUYLFDO�V\VWHP�GXULQJ�IHHGLQJ�LQ�
ELUGV��$PHU��=RRO� ��������������

7DPEXVVL��&��3���GH�0HQGR]D��5���'HJUDQJH��
)��-�DQG�3LFDVVR��0��%��������)OH[LELOLW\�
DORQJ� WKH�QHFN�RI� WKH�1HRJHQH�7HUURU�
%LUG� $QGDOJDORUQLV� VWHXOOHWL� �$YHV�
3KRUXVUKDFLGDH���3ORV�2QH� >RQ� OLQH@��
������$YDLODEOH�� H������� GRL���������
MRXUQDO�SRQH���������>���0D\�����@�


