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.��0��/XF\���.��5��+DUVKDQ��
-��-��&KXQJDWK��DQG�1��$VKRN�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD

$EVWUDFW
3UHQDWDO�GHYHORSPHQW�RI�SLQHDO�JODQG

LQ� JRDW�ZDV� VWXGLHG� XVLQJ� ��� JRDW� IRHWXVHV
UDQJLQJ�IURP����FP�&5/�����GD\V�RI�JHVWDWLRQ�
WR� ����FP� &5/� �IXOO� WHUP��� 3LQHDO� JODQG
GHYHORSHG� GXULQJ� WKH� VHYHQWK� ZHHN� DV� D
FRQLFDO� HYDJLQDWLRQ� RQ� WKH� FDXGR�GRUVDO
DVSHFW�RI�WKH�GLHQFHSKDORQ�DQG�OXPHQ�RI�WKH
WKLUG� YHQWULFOH� H[WHQGHG� WRZDUGV� WKH� SLQHDO
ERG\�DV�WKH�SLQHDO�UHFHVV��'XULQJ�WKLUG�PRQWK�
WKH� VWDON� ZDV� GLYLGHG� LQWR� D� GRUVDO� ODPLQD
FRQWLQXRXV�ZLWK�WKH�GRUVDO�FRPPLVVXUH�DQG�D
YHQWUDO� ODPLQD�� FRQWLQXRXV�ZLWK� WKH�SRVWHULRU
FRPPLVVXUH��$�WKLQ�FRQQHFWLYH�WLVVXH�FDSVXOH
FRYHUHG� WKH�SLQHDO�JODQG�E\����GD\V�RI�DJH�
7KH� SDUHQFK\PDO� FHOOV� ZHUH� DUUDQJHG� LQ� D
FRUG�OLNH�PDQQHU� DQG� WKHUH� ZDV� D� FHQWUDO
OXPHQ�� � 7KH� QHXURJOLDO� FHOOV�ZHUH� VFDWWHUHG
DPRQJ�WKH�SLQHDORF\WHV�IURP�ZKLFK�WKH\�FRXOG
EH�GLVWLQJXLVKHG�E\� WKHLU� VPDOOHU� DQG�GDUNHU
QXFOHL���%\�����GD\V�RI�DJH��WKH�SLQHDO�JODQG
ZDV�HORQJDWHG�RU�RYDO�LQ�VKDSH��7KH�DFFHVVRU\
SLQHDO� JODQG� FRXOG� QRW� EH� ORFDWHG�
+LVWRORJLFDOO\� WKH� SLQHDO� JODQG� DFTXLUHG� WKH
DGXOW� FKDUDFWHULVWLFV� WRZDUGV� WKH� WHUPLQDO
VWDJHV� RI� SUHJQDQF\�� � )URP� WKH� FDSVXOH�
FRQQHFWLYH�WLVVXH�VHSWD�SHQHWUDWHG�WKH�JODQG�
GLYLGLQJ� WKH� SDUHQFK\PD� LQWR� VPDOO� OREXOHV�
7KH� SDUHQFK\PD� FRQVLVWHG� RI� SLQHDORF\WHV
DQG� JOLDO� FHOOV� VFDWWHUHG� WKURXJKRXW� LQ� WKH
ILEURXV�QHWZRUN�RI�LQWHUVWLWLDO�WLVVXH��ILQH�EORRG
YHVVHOV�DQG�QHUYH�ILEUHV���7RZDUGV�WKH�FHQWUDO
SRUWLRQ��WKH�FHOOV�ZHUH�ORRVHO\�DUUDQJHG�ZKHQ
FRPSDUHG� WR� WKH� SHULSKHU\� DQG� WKH� FHQWUDO
OXPHQ� GLVDSSHDUHG� DW� WKLV� VWDJH�� � 7KH

SLQHDORF\WHV�ZHUH�RI�WZR�W\SHV�QDPHO\�WKH�OLJKW
DQG�GDUN�FHOOV���)RXU�W\SHV�RI�JOLDO�FHOOV�FRXOG
EH� LGHQWLI LHG� EDVHG� RQ� WKH� QXFOHDU
PRUSKRORJ\�
.H\ZRUGV�� � 3LQHDO� JODQG�� JRDW�� SUHQDWDO
GHYHORSPHQW
3LQHDO� JODQG� RU� HSLSK\VLV FHUHEUL LV� ORFDWHG
RQ� WKH� GRUVDO� DVSHFW� RI� EUDLQ� VWHP� LQ� WKH
FHQWUDO� GHSUHVVLRQ� EHWZHHQ� WKH� URVWUDO
FROOLFXOL�DW�WKH�FDXGDO�HQG�RI�WKDODPXV���*URVV
DQDWRPLFDO� DQG�KLVWRORJLFDO� VWXGLHV�RI� SLQHDO
JODQG� KDYH� EHHQ�PDGH� LQ� GRPHVWLF� DQLPDOV
E\� &DOYR� HW� DO�� ������� DQG� .XPDU� � HW� DO�
�����D��� � +RZHYHU�� HPEU\RORJLFDO� FKDQJHV
KDYH�QRW�EHHQ�ZHOO�GRFXPHQWHG�LQ�UXPLQDQWV�
7KHUHIRUH�� WKH�SUHVHQW�ZRUN�ZDV�XQGHUWDNHQ
WR� VWXG\� WKH� SUHQDWDO� KLVWRPRUSKRJHQHVLV� RI
SLQHDO� JODQG� LQ� JRDWV�
0DWHULDOV�DQG�0HWKRGV

3UHQDWDO� GHYHORSPHQW� RI� WKH� SLQHDO
JODQG� ZDV� VWXGLHG� XVLQJ� ��� JRDW� IRHWXVHV
UDQJLQJ� IURP� ���� FP� &5/� ���� GD\V� RI
JHVWDWLRQ�� WR� ����� FP�&5/� �IXOO� WHUP��� � 7KH
PDWHULDO� DYDLODEOH� LQ� WKH� 'HSDUWPHQW� RI
$QDWRP\�DQG� WKRVH�FROOHFWHG� IURP�WKH� IDUPV
DQG� FOLQLFV� ZHUH� XVHG� IRU� WKH� VWXG\�� � %RG\
SDUDPHWHUV� RI� WKH� VXEMHFWV� ZHUH� UHFRUGHG�
$JH�RI� WKH� IRHWXVHV�ZDV�FDOFXODWHG� IURP� WKH
IRUPXOD��:6�� ��������W�����GHULYHG�E\�6LQJK�HW
DO���������IRU�JRDW�IRHWXVHV��ZKHUH�µ:¶�LV�WKH
ERG\�ZHLJKW�RI�WKH�IRHWXV�LQ�J�DQGµW¶�LV�WKH�DJH
LQ�GD\V���%DVHG�RQ�DJH��IRHWXVHV�ZHUH�GLYLGHG
LQWR�ILYH�JURXSV��UHSUHVHQWLQJ�WKH�ILYH�PRQWKV


3DUW�RI��3K��'�WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
ï$VVRFLDWH�3URIHVVRU
ð3URIHVVRU��5HWG��
ñ3URIHVVRU�DQG�+HDG��&9$6��3RRNRGH��:D\DQDG
�3URIHVVRU�DQG�+HDG

5HFHLYHG�����������
$FFHSWHG�����������
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RI� JHVWDWLRQ�� �(PEU\RV� RI� WKH�*URXS���ZHUH
IL[HG�LQ�WRWR�IRU�KLVWRORJLFDO�DQG�KLVWRFKHPLFDO
VWXGLHV�� � )URP�*URXS� �� RQZDUGV�� WKH� KHDG
ZDV� VHSDUDWHG� DW� RFFLSLWR�DWODQWDO� MXQFWLRQ
DQG� WKH� EUDLQ� ZDV� WKHQ� FDUHIXOO\� GLVVHFWHG
RXW� DQG� IL[HG� LQ� ��� SHUFHQW� QHXWUDO� EXIIHUHG
IRUPDOLQ���6WDQGDUG�SURFHGXUHV�ZHUH�DGRSWHG
IRU� KLVWRORJLFDO� DQG� KLVWRFKHPLFDO� VWXGLHV�
7KH� VHFWLRQV� ZHUH� VWDLQHG� XVLQJ
+DHPDWR[\OLQ�DQG�(RVLQ��+	(���9DQ�*LHVRQ¶V
PHWKRG�IRU�FROODJHQ��+RO]HU¶V�PHWKRG�IRU�JOLDO
ILEUHV�� 6HYLHU�0XQJHU� VLOYHU� LPSUHJQDWLRQ
PHWKRG�IRU�QHXUDO�WLVVXHV��$OGHK\GH�WKLRQLQH�
3$6�PHWKRG� IRU� FHQWUDO� QHUYRXV� V\VWHP�
3KRVSKRWXQJVWLF� DFLG� KDHPDWR[\OLQ� �37$+�
PHWKRG� IRU� &16� WLVVXH� DQG� 3HULRGLF� DFLG
6FKLII¶V� UHDFWLRQ� IRU� FDUERK\GUDWHV� �/XQD�
�������+LVWRFKHPLFDO�VWXGLHV�HPSOR\HG�ZHUH
*RPRUL¶V� DONDOLQH� SKRVSKDWDVH� FREDOW
PHWKRG� IRU� DONDOLQH� SKRVSKDWDVH� DQG
*RPRUL¶V� PHWKRG� IRU� DFLG� SKRVSKDWDVH
�6LQJK�DQG�6XORFKDQD���������2LO�5HG� µ2¶� LQ
SURS\OHQH� JO\FRO�PHWKRG� IRU� IDW� DQG� %HVW¶V
FDUPLQH�PHWKRG� IRU� JO\FRJHQ� �/XQD�� ������
0HDVXUHPHQWV�RI�WKH�SLQHDO�JODQG�ZHUH�WDNHQ
XVLQJ� DQ� RFXODU�PLFURPHWHU�
5HVXOWV�DQG�'LVFXVVLRQ

(SLSK\VLV� RU� SLQHDO� ERG\� GHYHORSHG
GXULQJ�WKH�VHYHQWK�ZHHN�DV�D�FRQLFDO�HYDJLQDWLRQ
DW� WKH�FDXGR�GRUVDO�DVSHFW�RI� WKH�GLHQFHSKDORQ
ZLWK�D�WKLFNQHVV�RI������� P���/XPHQ�RI�WKH�WKLUG
YHQWULFOH� H[WHQGHG� WRZDUGV� WKH�SLQHDO� ERG\�DV
WKH�SLQHDO�UHFHVV�DW�WKLV�VWDJH��)LJ�������,Q�IURQW�RI
WKLV� ZDV� DQRWKHU� VPDOO� HYDJLQDWLRQ� WKDW
UHSUHVHQWHG� WKH� KDEHQXOD�� � 3LQHDO� ERG\
DSSHDUHG�DW���WK�GD\�RI�JHVWDWLRQ� LQ�DOELQR� UDWV
�&ODERXJK�� ������ DQG� LQ� WKH� VL[WK� ZHHN� RI
JHVWDWLRQ� LQ� WKH�KXPDQ� IRHWXV� �6DGOHU��������

'XULQJ� WKLUG�PRQWK�� DQ� HSLWKDODPLF
VXOFXV� VHSDUDWHG� WKH� WKDODPXV� IURP� WKH
HSLWKDODPXV�� � 7KH� SLQHDO� JODQG� OD\� LQ� WKH
GHSUHVVLRQ� EHWZHHQ� WKH� URVWUDO� FROOLFXOL
�)LJ�������7KH�EDVH�ZDV�DWWDFKHG�WR�WKH�WDHQLDH
WKDODPL� DQG� KDEHQXODU� DQG� SRVWHULRU
FRPPLVVXUHV� E\� D� VKDOORZ� VWDON�� 7KH� VWDON
ZDV� GLYLGHG� LQWR� D� GRUVDO� ODPLQD� FRQWLQXRXV
ZLWK� WKH� GRUVDO� FRPPLVVXUH� DQG� D� YHQWUDO
ODPLQD�� FRQWLQXRXV� ZLWK� WKH� SRVWHULRU
FRPPLVVXUH�

$� WKLQ� FRQQHFWLYH� WLVVXH� FDSVXOH
FRYHUHG� WKH�SLQHDO� JODQG�E\����GD\V�RI� DJH�
7KH� SDUHQFK\PDO� FHOOV� ZHUH� DUUDQJHG� LQ� D
FRUG�OLNH�PDQQHU��)LJ������ �7KHUH�ZDV�D�VPDOO

FHQWUDO� OXPHQ��7KH�OLQLQJ�FHOOV�ZHUH�FROXPQDU
LQ� VKDSH�ZLWK� EDVDOO\� ORFDWHG� URXQG� QXFOHXV
DQG�HRVLQRSKLOLF�F\WRSODVP���7KH�SLQHDORF\WHV
ZHUH�QRW�GLIIHUHQWLDWHG�LQWR�OLJKW�DQG�GDUN�W\SHV
LQ�WKH�WKLUG�PRQWK�RI�JHVWDWLRQ���7KH�QHXURJOLDO
FHOOV�ZHUH�VFDWWHUHG� WKURXJK� WKH�SDUHQFK\PD
IURP�ZKLFK�WKH\�FRXOG�EH�GLVWLQJXLVKHG�E\�WKHLU
VPDOOHU� DQG� GDUNHU� QXFOHL�� 1XPEHU� RI
SLQHDORF\WHV�ZDV�PRUH� WKDQ� WKDW� RI� WKH� JOLDO
FHOOV�� � 5HLWHU� ������� GLVWLQJXLVKHG� WKUHH
SKDVHV�GXULQJ�WKH�GHYHORSPHQW�RI�SLQHDO�JODQG
LQ� UDW�� 7KH� PRUSKRJHQHWLF� SKDVH� ZDV
FRQVLGHUHG�WR�EHJLQ�DW�DERXW�WKH���WK�HPEU\RQLF
GD\� DQG� H[WHQGHG� XQWLO� WKH� \RXQJ� ZHUH
GHOLYHUHG�� � 7KH� FHOOXODU� SUROLIHUDWLRQ� SKDVH
FRPPHQFHG� RQ� WKH� ��WK� HPEU\RQLF� GD\� DQG
WHUPLQDWHG�ZLWKLQ�VHYHUDO�GD\V�DIWHU�ELUWK���7KH
FHOOXODU� K\SHUWURSK\�DQG�GLIIHUHQWLDWLRQ�SKDVH
EHJDQ�URXJKO\�DW�ELUWK�DQG�WHUPLQDWHG�QLQH�WR
WZHOYH�ZHHNV�SRVWSDUWXP���.XPDU�HW�DO�������E�
GHVFULEHG� WKH� WRSRJUDSK\� DQG� KLVWRORJ\� RI
SLQHDO�JODQG�LQ�\RXQJ�JRDW��$FFRUGLQJ�WR�WKHP�
WKH�SDUHQFK\PD�ZDV� IRUPHG�RI� SLQHDORF\WHV�
JOLDO� FHOOV�� ILQH� EORRG� FDSLOODULHV� DQG� QHUYH
ILEUHV�

0HDVXUHPHQWV� RI� SLQHDO� JODQG
LQFUHDVHG� SURJUHVVLYHO\� GXULQJ� WKH� IRXUWK
PRQWK�� �+LVWRORJLFDO� VWUXFWXUH�ZDV� WKH� VDPH
DV� WKDW�RI� WKH� WKLUG�PRQWK��3LQHDORF\WHV�ZHUH
QRW� GLIIHUHQWLDWHG� LQWR� OLJKW� DQG�GDUN� FHOOV��%\
���� GD\V� RI� DJH�� WKH� SLQHDO� JODQG� ZDV
HORQJDWHG�RU�RYDO�LQ�VKDSH�ORFDWHG�LQ�WKH�FHQWUDO
GHSUHVVLRQ�DW�WKH�FDXGDO�HQG�RI�WKH�WKDODPXV
LQ� EHWZHHQ� WKH� URVWUDO� FROOLFXOL� RI� FRUSRUD
TXDGULJHPLQD�� � 7KH� DFFHVVRU\� SLQHDO� JODQG
FRXOG� QRW� EH� ORFDWHG� LQ� WKH� SUHVHQW� VWXG\�
.XPDU�HW�DO�������D��UHYLHZHG�WKH�DQDWRP\�RI
SLQHDO� JODQG� LQ� GRPHVWLF� DQLPDOV� DQG� IRXQG
WKDW� WKH�JODQG�ZDV�FRQLFDO� LQ�VKDSH� LQ�FDWWOH�
URXQG� WR� RYDO� LQ� VKHHS�� JRDWV� DQG�EXIIDORHV�
IXVLIRUP�RU� RYRLG� LQ� KRUVHV�� HORQJDWHG� FRQH�
VKDSHG� LQ� SLJV�� ODQFHW�VKDSHG� LQ� GRJV� DQG
FRQLFDO� LQ� FDWV�� 7KH\� DOVR� UHSRUWHG� WKH
RFFXUUHQFH� RI� DQ� DFFHVVRU\� SLQHDO� JODQG� LQ
EXIIDORHV�RQ� WKH�SRVWHULRU�PDUJLQ�RI� WKH�PDLQ
JODQG�

+LVWRORJLFDOO\� WKH� SLQHDO� JODQG
DFTXLUHG�WKH�DGXOW�FKDUDFWHULVWLFV�WRZDUGV�WKH
WHUPLQDO�VWDJHV�RI�SUHJQDQF\���$W�����GD\V�RI
DJH�� VLPSOH� FLOLDWHG� FROXPQDU� HSHQG\PDO
FHOOV� FRYHUHG� WKH� VXUIDFH� IDFLQJ� WKH� WKLUG
YHQWULFOH���)URP�WKH�FDSVXOH��FRQQHFWLYH�WLVVXH
VHSWD� SHQHWUDWHG� WKH� JODQG� GLYLGLQJ� WKH
SDUHQFK\PD� LQWR� VPDOO� OREXOHV� �)LJ� ��� DV
UHSRUWHG� E\� .XPDU� HW� DO�� �����E�� LQ� \RXQJ
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UHSRUWHG� WKDW� LQ� EXIIDOR� FDOYHV�� WKH� SLQHDO
JODQG� VKRZHG� D� GLIIXVH� QDUURZ� SHULSKHUDO
]RQH�DQG�V\QFLWLXP�OLNH�FHQWUDO�DUUDQJHPHQW�
7KH�VPDOO�FHQWUDO�OXPHQ�WKDW�DSSHDUHG�GXULQJ
WKLUG�PRQWK�RI�JHVWDWLRQ�GLVDSSHDUHG� ODWHU�

7KH�SLQHDORF\WHV�ZHUH�RI�WZR�W\SHV�
QDPHO\�WKH�OLJKW�DQG�GDUN�FHOOV��)LJ�������7KH
URXQG� WR� RYDO� LUUHJXODU� QXFOHL� RI� O LJKW
SLQHDORF\WHV� KDG� ILQH� FKURPDWLQ� ORFDOLVHG
PRUH� WRZDUGV� WKH� SHULSKHU\�� �7KH� GDUN� FHOOV
VKRZHG� XQLIRUP� GLVWULEXWLRQ� RI� FKURPDWLQ�
6LPLODU� REVHUYDWLRQV� ZHUH�PDGH� LQ� \RXQJ
JRDWV� E\� .XPDU� HW� DO�� �����E��� � 7KH
SDUHQFK\PD�VKRZHG�D�JUHDWHU� SRSXODWLRQ�RI
SLQHDORF\WHV� WKDQ� JOLDO� FHOOV�� � )RXU� W\SHV� RI
JOLDO�FHOOV�FRXOG�EH�LGHQWLILHG�EDVHG�RQ�QXFOHDU
PRUSKRORJ\��YL]���JOLDO�FHOOV�ZLWK�URXQG��RYDO�RU
FRQH�VKDSHG�QXFOHXV��VPDOOHU�JOLDO�FHOOV�ZLWK
URXQG�RU�RYDO�VWURQJO\�EDVRSKLOLF�QXFOHL��JOLDO
FHOOV�ZLWK�HORQJDWHG�QXFOHL�FORVHO\�DVVRFLDWHG
ZLWK�WKH�EORRG�FDSLOODULHV�DQG�D�IHZ�FHOOV�ZLWK
ODUJH�QXFOHL���6LPLODU�REVHUYDWLRQV�ZHUH�PDGH
LQ�DGXOW�EXIIDORHV�E\�3UDVDG�DQG�6LQKD��������

���&HUHEUXP������0DUJLQDO�VXOFXV
���3LQHDO�JODQG����	���&DXGDO�FROOLFXOXV
���&HUHEHOOXP������0HGXOOD�REORQJDWD

)LJ������'RUVDO�YLHZ�RI�EUDLQ�����GD\V�

)LJ�����/��6��RI�GLHQFHSKDORQ�DQG�PHVHQFHSKDORQ
VKRZLQJ�SLQHDO�HYDJLQDWLRQ�����GD\V������+	(��[����
���7KLUG�YHQWULFOH����3LQHDO�HYDJLQDWLRQ
���+DEHQXODH����5RVWUDO�FROOLFXOXV����3LD�PDWHU

JRDWV�� 3DZDU� DQG� 5DPDNULVKQD� ������� LQ
DGXOW�,QGLDQ�GRQNH\V�DQG�6DJJDU���HW�DO��������
LQ� DGXOW� VKHHS�� � 7KH� SDUHQFK\PD� FRQVLVWHG
RI� SLQHDORF\WHV� DQG� JOLDO� FHOOV� VFDWWHUHG
WKURXJKRXW�LQ�WKH�ILEURXV�QHWZRUN�RI�LQWHUVWLWLDO
WLVVXH�� ILQH� EORRG� YHVVHOV� DQG� QHUYH� ILEUHV�
7RZDUGV� WKH� FHQWUDO� SRUWLRQ�� WKH� FHOOV� ZHUH
ORRVHO\� DUUDQJHG� ZKHQ� FRPSDUHG� WR� WKH
SHULSKHU\�� � /DOLWKD� DQG� 6HVKDGUL� ������

)LJ������&��6��RI�WKH�SLQHDO�JODQG������GD\V��
������������������������������������������������������������+	(�[����
���/LJKW�SLQHDORF\WHV�����'DUN�SLQHDORF\WHV
���7\SH�,�JOLDO�FHOO�����7\SH�,,�JOLDO�FHOO
���7\SH�,,,�JOLDO�FHOO�����7\SH�,9�JOLDO�FHOO
���%ORRG�YHVVHO�����1HUYH�ILEUHV

)LJ������&��6��RI�WKH�SLQHDO�JODQG������GD\V��
������������������������������������������������������������+	(�[����
���&DSVXOH����&RQQHFWLYH�WLVVXH�VHSWXP
����&RUWH[����0HGXOOD

���3LQHDO�JODQG�����&HQWUDO�OXPHQ�����&DSVXOH
���&HOO�FRUGV������7KLUG�YHQWULFOH�ZLWK�OLQLQJ�HSHQG\PD
���&KRURLG�SOH[XV�RI�WKLUG�YHQWULFOH

)LJ������&��6��RI�WKH�SLQHDO�JODQG�����GD\V�������+	(��[����
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LQ�JRDWV�E\�.XPDU�HW�DO�������E��DQG�LQ�VKHHS
E\�6DJJDU�HW�DO�����������7KH�QHUYH�ILEUHV�ZHUH
GLVWULEXWHG� LUUHJXODUO\� DGMDFHQW� WR� WKH
SLQHDORF\WHV�� � 7KH� SLJPHQWHG� FHOOV� DQG
FRUSRUD�DUHQDFHD�DV�UHSRUWHG�E\�6DLJDO�HW�DO�
������� DQG�&DOYR� HW� DO�� ������� LQ� WKH� DGXOW
JRDW� DQG� WKH� GRJ�� UHVSHFWLYHO\� ZHUH� QRW
REVHUYHG�LQ�WKH�SUHVHQW�VWXG\�
$FNQRZOHGJHPHQW

7KH�DXWKRUV�DUH� WKDQNIXO� WR� WKH�'HDQ�
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�IRU�SURYLGLQJ�WKH�IDFLOLWLHV�IRU�WKLV�VWXG\�
5HIHUHQFHV
&DOYR�� -��� %R\D�� -��� 0DXULQR�� -�(�*�� DQG

&DUERQHOO��$�/�� ������ 6WUXFWXUH� DQG
XOWUDVWUXFWXUH� RI� WKH� SLJPHQWHG� FHOOV
LQ�WKH�DGXOW�GRJ�SLQHDO�JODQG��-��$QDW��
����� ������

&ODERXJK��-��:��������&\WRORJLFDO�DVSHFWV�RI
SLQHDO� GHYHORSPHQW� LQ� UDWV� DQG
KDPVWHUV��$P��-��$QDW�� �������������

.XPDU�� 3��� .XPDU�� 6�� DQG�6LQJK�� <�� ����D�
$QDWRP\� RI� WKH� SLQHDO� JODQG� LQ
GRPHVWLF� DQLPDOV�� ,QGLDQ� -�� 9HW�
$QDW�� ��������

.XPDU�� 3��� .XPDU�� 6�� DQG�6LQJK�� <�� ����E�
7RSRJUDSK\� DQG� KLVWRPRUSKRORJ\� RI
SLQHDO�JODQG�LQ�\RXQJ�JRDW��,QGLDQ�-�
$QLP��6FL�� ������������

/DOLWKD��3�6��DQG�6HVKDGUL��9�.����������6WXGLHV
RQ� WKH� PLFURVFRSLFDO� VWUXFWXUH� RI
SLQHDO� JODQG� RI� WKH� ,QGLDQ� EXIIDOR
�%XEDOXV� EXEDOLV��� �&KHLURQ������ ���
���

/XQD�� /�*�� ������0DQXDO� RI� +LVWRORJLFDO
6WDLQLQJ� 0HWKRGV� RI� WKH� $UPHG
)RUFHV� ,QVWLWXWH� RI� 3DWKRORJ\��UG HG�

0F�*UDZ�+LOO� %RRN� &RPSDQ\�� 1HZ
<RUN�����S�

3DZDU��$��DQG�5DPDNULVKQD�9��������+LVWRORJ\
RI�WKH�SLQHDO�JODQG�LQ�WKH�,QGLDQ�GRQNH\
�(TXXV� DVLQXV��� ;9� &RQYHQWLRQ� RI
,QGLDQ� $VVRFLDWLRQ� RI� 9HWHULQDU\
$QDWRPLVWV�DQG�1DWLRQDO�6\PSRVLXP�
������'HF�� ������0DGUDV�9HWHULQDU\
&ROOHJH��&KHQQDL��$EVWU��S�����

3UDVDG��-��DQG�6LQKD��5�'��������+LVWRORJLFDO
DQG�KLVWRFKHPLFDO�VWXG\�RQ�WKH�SLQHDO
DQG� DFFHVVRU\� SLQHDO� ERGLHV� LQ
EXIIDOR�� ,QGLDQ�-��$QLP��6FL�� �������
���

5HLWHU�� 5�-�� ������ 7KH�PDPPDOLDQ� SLQHDO
JODQG��VWUXFWXUH�DQG�IXQFWLRQ��$P��-�
$QDW�� �������������

6DGOHU�� 7�:��� ������ /DQJPDQ¶V� 0HGLFDO
(PEU\RORJ\�� �WK� HG�� /LSSLQFRWW
:LOOLDPV� DQG�:LONLQV�� 3KLODGHOSKLD�
���S�

6DJJDU��'���.XPDU��3���.XPDU��6��DQG�*XSWD�
$�1�� ������ +LVWRORJ\� DQG
KLVWRFKHPLVWU\� RI� SLQHDO� JODQG� RI
VKHHS�� ,QGLDQ� -�� 9HW�� $QDW�� ���� ���
���

6DLJDO��5�3���1DQGD��%�6���1DJSDO��6�.��DQG�5R\�
.�6��������(SLSK\VLV�FHUHEUL�RI�DJHLQJ
JRDWV��-��$QDW��6RF��,QGLD����������

6LQJK�� <�� 6KDUPD�� '�1�� DQG� 'KLQJUD�� /�'�
������0RUSKRJHQHVLV�RI�WKH�WHVWLV�LQ
JRDW�� ,QGLDQ� -�� $QLP�� 6FL�� ���� ����
����

6LQJK�� 8�%�� DQG� 6XORFKDQD�� 6�� � �����
+DQGERRN� RI� +LVWRORJLFDO� DQG
+LVWRFKHPLFDO� 7HFKQLTXHV�� 3UHPLHU
3XEOLVKLQJ�+RXVH��+\GHUDEDG�����S�


