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6WUDWLILHG VTXDPRXV HSLWKHOLXP FRYHUV WKH

VXUIDFH RI WKH WRQJXH LQ PDPPDOV���� 0DQ\

IHDWXUHV RI WKLV HSLWKHOLXP ZKLFK DUH FORVHO\

UHODWHG WR WKH HQYLURQPHQWDO FRQGLWLRQV� YDULHV

LQ WKH PHPEHUV RI GLIIHUHQW JHQXV DQG VSHFLHV�

,Q RXU SUHYLRXV VWXG\� ZH UHSRUWHG XQGXODQW�

LUUHJXODU� EUDQFKLQJ SDSLOODH LQ WKH GRUVDO

OLQJXDO VXUIDFH RI WKH IURJ� 5DQD ULGLEXQGD

ZKLFK ZHUH QRW VLPLODU WR DQ\ RI WKH OLQJXDO

SDSLOODH LQ PDPPDOLDQ WRQJXH� 7KHVH SDSLOODH

ZHUH OLQHG E\ SVHXGRVWUDWLILHG FROXPQDU

HSLWKHOLXP LQVWHDG RI VWUDWLILHG VTXDPRXV RQH�
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2EMHFWLYHV� :H LQYHVWLJDWHG XOWUDVWUXFWXUDO IHDWXUHV RI HOHFWURQ�GHQVH JUDQXODU FHOOV�
PXFXV DQG FLOLDWHG FHOOV ORFDWHG LQ WKH GRUVDO OLQJXDO HSLWKHOLXP RI 5DQD ULGLEXQGD
UHFHQWO\� :LWKLQ WKLV HSLWKHOLXP� LQ DGGLWLRQ WR WKHVH FHOOV� WKHUH ZHUH VHYHUDO NLQGV RI
FHOOV� ,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG HOHFWURQ PLFURVFRSLF IHDWXUHV RI WKHVH FHOOV�
0DWHULDOV DQG PHWKRGV� 6L[ IURJV ZHUH XVHG LQ WKLV VWXG\� $QWHULRU SDUWV RI WKHLU
WRQJXHV ZHUH H[FLVHG DQG FXW LQWR VPDOO SLHFHV� 7KHVH ZHUH IL[HG LQ �� JOXWHUDOGHK\GH
DQG ���� RVPLXP WHWUR[LGH� � 6SHFLPHQV ZHUH GHK\GUDWHG LQ DFHWRQH DQG HPEHGGHG LQ
$UDOGLGH &<���� 8OWUDWKLQ VHFWLRQV VWDLQHG ZLWK XUDQ\O DFHWDWH DQG OHDG FLWUDWH ZHUH
H[DPLQHG LQ DQ -(2/����6; HOHFWURQ PLFURVFRSH�
5HVXOWV� 0LWRFKRQGULD ULFK�FHOOV� HOHFWURQ�OXFHQW FOHDU FHOOV DQG SOD]PD FHOOV ZHUH
REVHUYHG ZLWKLQ WKH GRUVDO OLQJXDO HSLWKHOLXP RI 5DQD ULGLEXQGD� 0LWRFKRQGULD�ULFK FHOOV
FRQWDLQHG PDQ\ PLWRFKRQGULD DQG JO\FRJHQ JUDQXOHV LQ WKHLU F\WRSODVP DQG ORQJ
PLFURYLOOL RQ WKHLU IUHH VXUIDFH� :H FRQFOXGHG WKDW FXERLG FHOOV WKDW FRQWDLQHG D ODUJH
QXFOHXV� ZHOO GHYHORSHG JUDQXODU HQGRSODVPLF UHWLFXOXP DQG PDQ\ O\VRVRPHV LQ WKHLU
F\WRSODVP ZHUH PDFURSKDJHV� ,Q DGGLWLRQ WR WKHVH FHOOV� PDQ\ SODVPD FHOOV ZKLFK
RULJLQDWHG IURP FRQQHWLYH WLVVXH ZHUH ORFDWHG ZLWKLQ WKH HSLWKHOLXP�
&RQFOXVLRQ� $OO WKH FHOOV ZKLFK ZH REVHUYHG ZLWKLQ WKH GRUVDO OLQJXDO HSLWKHOLXP RI
5DQD ULGLEXQGD DUH XQXVXDO FHOO W\SHV IRU WKH GRUVDO OLQJXDO HSLWKHOLXP RI PDPPDOV�

.H\ ZRUGV� )URJ� GRUVDO OLQJXDO HSLWKHOLXP� HOHFWURQ PLFURVFRS\

5DQD ULGLEXQGD¶QÕQ GRUVDO OLQJXDO HSLWHOLQGH ROD÷DQ GÕúÕ K�FUH WLSOHUL

$PDo� 'DKD |QFHNL ELU oDOÕúPDPÕ]GD 5DQD ULGLEXQGD¶QÕQ GRUVDO OLQJXDO HSLWHOLQGH \HU
DODQ HOHNWURQ \R÷XQ JUDQ�OO� K�FUHOHULQ� PXNXV K�FUHOHULQLQ YH VLOOL K�FUHOHULQ
XOWUDVWU�NW�UHO |]HOOLNOHULQL LQFHOHPLúWLN� (SLWHOGH EX K�FUHOHUGHQ EDúND ELU NDo K�FUH W�U�
GDKD EXOXQPDNWD\GÕ� dDOÕúPDPÕ]GD EX K�FUHOHULQ HOHNWURQ PLNURVNRSLN |]HOOLNOHUL
LQFHOHQGL�
0DWHU\DO YH PHWRW� dDOÕúPDGD DOWÕ DGHW NXUED÷D NXOODQÕOGÕ� 'LOOHULQLQ |Q E|O�POHUL
oÕNDUÕODUDN N�o�N SDUoDODUD D\UÕOGÕ� 3DUoDODU ��¶O�N JOXWHUDOGHKLW YH ��¶OLN RVPLXP
WHWURNVLWOH ILNVH HGLOGL� $VHWRQOD GHKLGUDWH HGLOGLNWHQ VRQUD $UDOGLG &<���¶\H J|P�OG��
8UDQLO DVHWDW YH NXUúXQ VLWUDWOD ER\DQDQ LQFH NHVLWOHU -(2/����6; HOHNWURQ PLNURVNRSWD
LQFHOHQGL�
%XOJXODU� 5DQD ULGLEXQGD¶QÕQ GRUVDO OLQJXDO HSLWHOLQGH PLWRNRQGULGHQ ]HQJLQ K�FUHOHU�
HOHNWURQ�O�VHQW úHIIDI K�FUHOHU YH SOD]PD K�FUHOHUL L]OHQGL� 6HUEHVW \�]H\OHULQGH X]XQ
PLNURYLOOXVODU EXOXQDQ PLWRNRQGULGHQ ]HQJLQ K�FUHOHULQ VLWRSOD]PDODUÕQGD ERO PLWRNRQGUL
YH JOLNRMHQ EXOXQPDNWD\GÕ� *HQLú Q�NOHXVXX� L\L JHOLúPLú JUDQ�OHU HQGRSOD]PD
UHWLNXOXPX YH OL]R]RPODUÕ RODQ N�ERLG úHNLOOL K�FUHOHULQ PDNURIDM ROGX÷X VRQXFXQD YDUÕOGÕ�
%X K�FUHOHUH LODYHWHQ HSLWHOGH ED÷ GRNXVXQGDQ ND\QDNODQDQ SHN oRN SOD]PD K�FUHVL \HU
DOPDNWD\GÕ�
6RQXo� 5DQD ULGLEXQGD¶QÕQ GRUVDO OLQJXDO HSLWHOLQGH J|]OHPOHGL÷LPL] E�W�Q EX K�FUHOHU
PHPHOLOHULQ OLQJXDO HSLWHOLQGH EXOXQPD\DQ K�FUH WLSOHULGLU�

$QDKWDU NHOLPHOHU� .XUED÷D� GRUVDO OLQJXDO HSLWHO� HOHNWURQ PLNURVNRSL
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:H LQYHVWLJDWHG HOHFWURQ PLFURVFRSLF IHDWXUHV

RI WKH JUDQXODU� PXFXV DQG FLOLDWHG FHOOV

ORFDWHG LQ WKLV HSLWKHOLXP�XQSXEOLVKHG GDWD��

,Q DGGLWLRQ WR WKHVH FHOOV� ZH REVHUYHG

PLWRFKRQGULD�ULFK FHOOV� HOHFWURQ�OXFHQW FOHDU

FHOOV DQG SODVPD FHOOV ZLWKLQ WKLV HSLWKHOLXP� ,Q

WKH SUHVHQW VWXG\� ZH LQYHVWLJDWHG HOHFWURQ

PLFURVFRSLF IHDWXUHV RI WKHVH XQXVXDO FHOO

W\SHV�

0$7(5,$/6 $1' 0(7+2'6

6L[ IURJV �WKUHH PDOH DQG WKUHH IHPDOH� ZHUH

XVHG LQ WKH SUHVHQW VWXG\� 7KH DQLPDOV ZHUH

NLOOHG E\ GHFDSLWDWLRQ DQG WKH DQWHULRU SDUWV RI

WKHLU WRQJXHV ZHUH H[FLVHG DQG FXW LQWR SLHFHV�

7KHVH ZHUH IL[HG LQ �� JOXWHUDOGHK\GH

EXIIHUHG ZLWK ��� 0 1D+�32��1D+32�

�S+ ��������� DQG SRVWIL[HG LQ ���� RVPLXP

WHWUR[LGH EXIIHUHG ZLWK ��� 0

1D+�32��1D+32� �S+ ��������� 6SHFLPHQV

ZHUH GHK\GUDWHG LQ DFHWRQH DQG HPEHGGHG LQ

$UDOGLWH &< ���� 6HPLWKLQ VHFWLRQV ZHUH

VWXGLHG ZLWK WROXLGLQ EOXH� 8OWUDWKLQ VHFWLRQV

ZHUH VWDLQHG ZLWK XUDQ\O DFHWDWH DQG OHDG

FLWUDWH DQG H[DPLQHG LQ DQ -(2/����6;

HOHFWURQ PLFURVFRSH�

5(68/76

7KH SVHXGRVWUDWLILHG FROXPQDU HSLWKHOLXP

FRYHULQJ WKH OLQJXDO SDSLOODH ZDV FRPSRVHG RI

GLIIHUHQW FHOO W\SHV� %\ OLJKW PLFURVFRSH� VRPH

JUDQXODU DQG QRQJUDQXODU FHOOV ZHUH

GLVWLQJXLVKDEOH�)LJXUH ���

7KH ODUJH SRUWLRQ RI WKH HSLWKHOLXP ZDV

FRPSRVHG RI JUDQXODU� PXFXV DQG FLOLDWHG

FHOOV� ,Q DGGLWLRQ WR WKHVH FHOOV� RQ UDUH

RFFDVLRQ� FROXPQDU FHOOV ZKLFK ODFNHG HOHFWURQ�

GHQVH JUDQXOHV� PXFXV JUDQXOHV� YDFXROHV DQG

FLOLD ZHUH REVHUYHG ZLWKLQ WKH HSLWKHOLXP� ,Q

WKH F\WRSODVP RI WKHVH FHOOV� D ODUJH QXPEHU RI

PLWRFKRQGULD� IUHH ULERVRPHV DQG JO\FRJHQ

SDUWLFOHV ZHUH VFDWWHUHG� 1XFOHL ZHUH JHQHUDOO\

LUUHJXODU LQ VKDSH� 7KHUH ZHUH VRPH HOHFWURQ�

GHQVH VPDOO ERGLHV LQ WKH F\WRSODVP�)LJXUH ���

0LFURYLOOL RQ WKH IUHH VXUIDFHV RI WKH FHOOV ZHUH

ZHOO GHYHORSHG�

&XERLGDO FHOOV ZLWK FOHDU F\WRSODVP ZHUH YLVLEOH

E\ OLJKW PLFURVFRSH� 7KHVH FHOOV ZHUH ORFDWHG

MXVW DERYH WKH EDVDO PHPEUDQH� WKXV WKHLU

DSLFDO VLGH GLG QRW UHDFK WKH IUHH VXUIDFH RI

WKH HSLWKHOLXP� 6RPH RI WKHVH FHOOV FRQWDLQHG

HOHFWURQ�GHQVH JUDQXOHV �)LJXUHV ����� 5RXJK

HQGRSODVPLF UHWLFXOXP ZDV JHQHUDOO\ ZHOO�

GHYHORSHG DQG ZDV QRW XVXDOO\ RUJDQL]HG DV

SDUDOOHO WXEXOHV� 7KH HOHPHQWV RI HQGRSODVPLF

UHWLFXOXP FRQWDLQHG D ILQH JUDQXODU PDWHULDO

�)LJXUHV ����� *ROJL DSSDUDWXV ZDV ZHOO�

GHYHORSHG �)LJXUHV ����� 0LWRFKRQGULD�

ULERVRPHV DQG PDQ\ O\VRVRPHV ZHUH

GLVWULEXWHG LQ WKH F\WRSODVP �)LJXUHV ����� 7KH

QXFOHXV PHPEUDQH VXUURXQGLQJ WKH LUUHJXODU

QXFOHXV ZDV LQGHQWHG DQG SHULQXFOHDU VSDFH

ZDV GLVWHQGHG �)LJXUHV ����� 7KH FRQWHQWV RI

WKH O\VRVRPHV ZHUH KHWHURJHQHRXV �)LJXUH ��

���

)LJXUH �� 0LWRFKRQGULD�ULFK FHOO ZKLFK ODFNV HOHFWURQ�GHQVH
JUDQXOHV� PXFXV JUDQXOHV DQG YDFXROHV LV REVHUYHG� ,Q WKH
F\WRSODVP RI WKHVH FHOOV D ODUJH QXPEHU RI PLWRFKRQGULD�P� DQG
JO\FRJHQ SDUWLFOHV�DUURZV� DUH VFDWWHUHG� 1XFOHXV LV LUUHJXODU LQ
VKDSH� 7KHUH DUH VRPH HOHFWURQ�GHQVH VPDOO ERGLHV�GRXEOH
DUURZKHDG� LQ WKH F\WRSODVP� 8UDQ\O DFHWDWH DQG OHDG
FLWUDWH[������� 

)LJXUH �� 7KH SVXGRVWUDWLILHG FROXPQDU HSLWKHOLXP�(�
FRPSRVHG RI GLIIHUHQW FHOO W\SHV FRYHUV WKH OLQJXDO SDSLOODH�
6RPH JUDQXODU DQG QRQJUDQXODU FHOOV DUH GLVWLQJXLVKDEOH� /DPLQD
SURSULD FRQWDLQLQJ PDQ\ EORRG YHVVHOV LV REVHUYHG EHQHDWK WKH
HSLWKHOLXP� &XERLGDO FHOOV ZLWK FOHDU F\WRSODVP DUH FOHDUO\
YLVLEOH�DUURZV�� $ SODVPD FHOO FDQ EH GLVWLQJXLVKDEOH�S�� 7ROXLGLQ
EOXH[��� 
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$ VPDOO QXPEHU RI SODVPD FHOOV ZKLFK

RULJLQDWHG IURP WKH FRQQHFWLYH WLVVXH ZHUH

VHHQ ZLWKLQ WKH HSLWKHOLD �)LJXUH ���

7KHUH ZHUH QR KLVWRORJLFDO GLIIHUHQFHV EHWZHHQ

PDOHV DQG IHPDOHV ZLWK UHJDUG WR WKH SUHVHQW

UHVXOWV�

',6&866,21

7KH FHOOV WKDW ODFN HOHFWURQ�GHQVH JUDQXOHV�

PXFXV JUDQXOHV DQG FLOLD ZHUH UHSRUWHG WR EH

ORFDWHG LQ WKH GRUVDO OLQJXDO HSLWKHOLXP LQ 5DQD

FDWHVEHLDQD� 5DQD FDQFULYRUD DQG %XIR

MDSRQLFXV���� 7KHVH PLWRFKRQGULD�ULFK FHOOV PD\

YHU\ OLNHO\ EH WKH VDPH NLQG RI FHOOV IRXQG LQ

WKH HSLGHUPLV RI DPSKLELDQ� 7KH PLWRFKRQGULD�

ULFK FHOOV RI DPSKLELDQ VNLQ KDYH EHHQ

LPSOLFDWHG LQ WKH PHFKDQLVP IRU SDVVLYH

FKORULGH FRQGXFWDQFH RI FKORULGH LRQV DFURVV

WKH VNLQ���� ,Q ILVK� WKH DFWLYH VHFUHWLRQ RI

FKORULGH LV FDUULHG RXW E\ WKH FKORULGH VHFUHWLQJ

FHOOV RI WKH RSHUFXODU HSLWKHOLXP�� 7KXV� ZH

VXJJHVW WKDW� PXFRVDO HSLWKHOLXP RI 5DQD

)LJXUH �� &\WRSODVP RI WKH HOHFWURQ�OXFHQW� FOHDU FHOO� $ ZHOO�
GHYHORSHG URXJK HQGRSODVPLF UHWLFXOXP�(U� DQG *ROJL
DSSDUDWXV�*D� DUH VHHQ� 7KH HOHPHQWV RI HQGRSODVPLF UHWLFXOXP
FRQWDLQV D ILQH JUDQXODU PDWHULDO� 0LWRFKRQGULD�P�� ULERVRPHV DQG
PDQ\ O\VRVRPHV�/\� DUH GLVWULEXWHG LQ WKH F\WRSODVP� 7KH
FRQWHQWV RI WKH O\VRVRPHV DUH KHWHURJHQHRXV� 8UDQ\O DFHWDWH DQG
OHDG FLWUDWH[������� 

)LJXUH �� &\WRSODVP RI WKH HOHFWURQ�OXFHQW� FOHDU FHOO� 5RXJK
HQGRSODVPLF UHWLFXOXP�(U�� *ROJL DSSDUDWXV�*D��
PLWRFKRQGULD�P� DQG O\VRVPHV�/\� DUH REVHUYHG QHDU WKH
QXFOHXV� 7KH FRQWHQWV RI WKH O\VRVRPHV DUH KHWHURJHQHRXV�
8UDQ\O DFHWDWH DQG OHDG FLWUDWH[������� 

)LJXUH �� &\WRSODVP RI WKH HOHFWURQ�OXFHQW� FOHDU FHOO� 7KH QXFOHXV
PHPEUDQH VXUURXQGLQJ WKH LUUHJXODU QXFOHXV LV LQGHQWHG DQG
SHULQXFOHDU VSDFH LV GLVWHQGHG�DUURZ�� 7KHUH DUH HOHPHQWV RI URXJK
HQGRSODVPLF UHWLFXOXP�(U�� D *ROJL DSSDUDWXV�*D�� PLWRFKRQGULD�P�
DQG O\VRVRPHV�/\� LQ WKH F\WRSODVP� 7KH FRQWHQWV RI WKH O\VRVRPHV
DUH KHWHURJHQHRXV� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH[������ 

)LJXUH �� &\WRSODVP RI WKH HOHFWURQ�OXFHQW� FOHDU FHOO� 7KH
QXFOHXV PHPEUDQH VXUURXQGLQJ WKH LUUHJXODU QXFOHXV LV LQGHQWHG
DQG SHULQXFOHDU VSDFH LV GLVWHQGHG�DUURZ�� 7KHUH DUH HOHPHQWV RI
URXJK HQGRSODVPLF UHWLFXOXP�(U�� PLWRFKRQGULD�P� DQG ULERVRPHV
LQ WKH F\WRSODVP� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH[������ 

)LJXUH �� $ SODVPD FHOO�3� EHWZHHQ WKH JUDQXODU�*� DQG PXFXV
FHOOV�0� LV REVHUYHG� 8UDQ\O DFHWDWH DQG OHDG FLWUDWH[������ 
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ULGLEXQGD WRQJXH SOD\V D VLPLODU UROH WR WKDW RI

WKH VNLQ LQ WKH SDVVLYH FRQGXFWDQFH RI FKORULGH

LRQV� 7KH QXPHURXV PLWRFKRQGULD LQ WKH

F\WRSODVP PD\ IXQFWLRQ LQ VXSSO\LQJ HQHUJ\

IRU DFWLYH LRQLF H[FKDQJH� 0LWRFKRQGULD�ULFK

FHOOV KDYH DOVR EHHQ UHFRJQL]HG LQ WKH VNLQ RI

;HQRSXV WKDW OLYH XQGHU FRQGLWLRQV RI KLJK

VDOLQLW\� 7KHVH FHOOV PD\ EH LQYROYHG LQ WKH

HOLPLQDWLRQ RI ELFDUERQDWH DQG LQ

RVPRUHJXODWLRQ EHFDXVH RI WKHLU FDSDFLW\ WR

WUDQVSRUW LRQV�� 7KH FUDE�HDWLQJ IURJ� 5DQD

FDQFULYRUD OLYHV LQ PDQJURYH VZDPSV RI KLJK

VDOLQLW\� DQ HQYLURQPHQW WKDW LV VLJQLILFDQWO\

GLIIHUHQW IURP WKH IUHVKZDWHU HQYLURQPHQWV

WKDW DUH W\SLFDO RI KDELWDWV RI RWKHU VSHFLHV RI

5DQD �5DQD ULGLEXQGD� UXJRVD� FDWHVEHLDQD�

7KHVH GLIIHUHQFHV PLJKW EH H[SHFWHG WR DIIHFW

WKH ILQH VWUXFWXUH RI WKH OLQJXDO HSLWKHOLXP�

0LWRFKRQGULD�ULFK FHOOV DQG WKH RWKHU W\SHV RI

FHOOV DUH YDULDEOH LQ QXPEHU LQ GLIIHUHQW JHQXV

DQG VSHFLHV RI WKH IURJ����

,Q DGGLWLRQ WR WKHVH FHOOV� ZH REVHUYHG

HOHFWURQ�OXFHQW� FOHDU FHOOV LQ WKH HSLWKHOLXP�

7KHVH FHOOV FRQWDLQHG D ZHOO�GHYHORSHG URXJK

HQGRSODVPLF UHWLFXOXP� D *ROJL DSSDUDWXV DQG

PDQ\ O\VRVRPHV LQ WKHLU F\WRSODVP� 7KH

QXFOHDU PHPEUDQH ZDV LQGHQWHG DQG

SHULQXFOHDU VSDFH ZDV GLVWHQGHG� :H

VXJJHVWHG WKDW WKHVH FHOOV ZHUH PDFURSKDJHV�

0DFURSKDJHV DUH QRUPDOO\ DEVHQW LQ WKH

HSLWKHOLXP LQ PDPPDOV� 7KH\ DUH REVHUYHG LQ

WKH GRUVDO OLQJXDO HSLWKHOLXP LQ 5DQD

FDQFULYRUD��

3ODVPD FHOOV ORFDWHG MXVW DERYH WKH EDVDO

PHPEUDQH KDYH EHHQ REVHUYHG LQ WKH GRUVDO

OLQJXDO HSLWKHOLXP RI 5DQD 5DQD FDWHVEHLDQD��

7KHVH FHOOV DUH QRW SUHVHQW LQ PDPPDOLDQ

HSLWKHOLXP�

,Q FRQFOXVLRQ� ZH REVHUYHG PLWRFKRQGULD�ULFK

FHOOV� PDFURSKDJHV DQG SODVPD FHOOV LQ WKH

GRUVDO OLQJXDO HSLWKHOLXP RI 5DQD ULGLEXQGD� $OO

RI WKHVH FHOOV DUH XQXVXDO FHOO W\SHV IRU WKH

GRUVDO OLQJXDO HSLWKHOLXP RI WKH PDPPDOV� 7R

WKH EHVW RI RXU NQRZOHGJH� WKLV LV WKH ILUVW

XOWUDVWUXFWXUDO VWXG\ DERXW WKH GRUVDO OLQJXDO

HSLWKHOLXP RI 5DQD ULGLEXQGD�

5()(5(1&(6

�� )DZFHWW ':� %ORRP DQG )DZFHWW� &RQFLVH +LVWRORJ\� �VW HG�
1HZ <RUN� &KDSPDQ DQG +DOO� ����� ���

�� /HHVRQ 76� /HHVRQ &5� 3DSDUR $$� 7H[W�$WODV RI +LVWRORJ\� �VW
HG� 3KLODGHOSKLD� :% 6DXQGHUV� ����� ��������

�� ,ZDVDNL 6� :DQLFKDQRQ &� $Q XOWUDVWUXFWXUDO VWXG\ RI WKH
GRUVDO OLQJXDO HSLWKHOLXP RI WKH &UDE�HDWLQJ IURJ� 5DQD
FDQFULYRUD� -RXUQDO 0RUSKRO ����� �����������

�� ,ZDVDNL 6� 0Õ\DWD .� .RED\DVKL .� )LQH VWUXFWXUH RI WKH GRUVDO
OLQJXDO HSLWKHOLXP RI WKD -DSDQHVH 7RDG� %XIR
MDSRQLFXV�$QXUD�%XIRQLGHD�� =RRO� 6FLHQFH ����� ����������

�� ,ZDVDNL 6,� .RED\DVKL .� )LQH VWUXFWXUH RI WKH GRUVDO OLQJXDO
HSLWKHOLXP LQ WKH %XOOIURJ� 5DQD FDWHVEHLDQD� =RRO� 6FLHQFH
����� ����������


