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7KH '"HYRQLDQ /DQGVFDSH )DFWRU\ SODQWG/HBGPHQW

6DQGVWRQH RI 6YDOEDUG DQG WKH ULVH RI YHIJHWDWI

1HLO 6 'DWKHMVWRSKHWURREQ¥%HBUDOLDUWKDOHYV + )HOQPDQ

“RVHI /LQGHPDQQ

'"HSDUWPHQW RI (DUWK 6FLHQFHVY 8QLYHUVLW\ RI &DPEULGC

(4 8QLWHG .LQJGRP

6FKRRO RI (DUWK DQG (QYLURQPHQWDO 6FLHQFHV &DUGLI

&DUGLII &) $7 :DOHV 8QLWHG .LQJGRP

6FKRRO RI 2FHDQ DQG (DUWK 6FLHQFH 8QLYHUVLW\ RI 6RX

6RXWKDPSWRQ 62 =+ 8QLWHG .LQJGRP

'‘"HSDUWPHQW RI $QLPDO DQG 30DQW 6FLHQFHV 8QLYHUVL\

"HVWHUQ %DQN 6KHIILHOG 6 71 8QLWHG .LQJGRP
I1DWXUDO +LVWRU\ OXVHXP 8QLYHUVLW\ RI 2VOR 3RVWER
&RUUHVSRQGLQJ $XWKRU QVG #FDP DF XN

$%6758&7

7KH '"HYRQLDQ 3HULRG ZDV D FUXFLDO LQWHUYDO LQ WKH F
GXUDWLRQ LW ZLWQHVVHG WKH VXFFHVVLYH HYROXWLRQ F
WKH ELRIJHRPRUSKLF SKHQRPHQD WKDW RSHUDWH LQ PRGH
IRU WKH ILUVW WLPH 7KH 20G 5HG 6DQGVWRQIK XRS5V RI 6Y
6LOXULDQ WR /DWH '"HYRQLDQ UHFRUG RI ODQG SODQW FRO
SURYLGHV D SHUIHFW QDWXUDO ODERUDWRV\DMRE DLG XQGF
HYROXWLRQ RI WKHVH SKHQRPHQD +HUH ZB6GIH\DRAXEH VD Q (

WKDW SURYLGH HYLGHQFH IRU WKH VWHSZLWALBRYHDUDQFI
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LQFOXGLQJ SUHVHUYHG SODQW PDWHULDO BWG/ URRWLQJ V
DFFXPXODWLRQV FDQQHO FRDO GHSRVLWV DQG WKH ROGF
VWUXFWXUHV LQ DGGLWLRQ WR YHIJHWDWLRQ LQIOXHQFHG
FRPSOH[ DOOXYLDO VDQG ERGLHV 7KHVH FKREKWIFRWNUAXRW L
Q R Q P bnitofiridnts in this Devonian ‘landscape factory’. In addition to tectonic and

FOLPDWH LQIOXHQFHY SODQW HYROXWLRQ IMKWWN VHUYHG
VHGLPHQWDU\ UHFRUG GXULQJ WKLV SHULRG DQISUMKIXV SHU

VXUIDFH SURFHVVHY DQG ODQGIRUPV HYHU VLQFH

'HYRQLDQ 9HJHWDWLRQ DQG 6HGLPHQWDWLRQ

/IDQG SObDQWYV DUH VRPH RI WKH PRVW HIIHFWLYH ELRJHRPF
SK\WVLFDO SURFHVVHYVY DQG ODQGIRUPV E\ FRRM0WOWH[ DQG GLY
LOQFUHDVLQJ VXEVWUDWH VKHDU VWUHQ JMWKWHIG WHGX M) (
HITLFDF\ RI UDLQGURS LPSDFW DQG VXUIDFH UXQRII SODQV
ZHDWKHULQJ DQG PRGLILFDWLRQ RI WKH FULWIKMBDMD ARQH Vv
FKDQJH VHGLPHQW SURSHUWLHYVY VXFK DV FRIIKQMWMWRHQHVYV |
SURPRWH WKH DFFUHWLRQ RI ODQGIRUPQGRAD WHWLDQQ®DV R
FKDQJLQJ WXUEXOHQFH SURSHUWLHYVY WKURMIKWUDBWLRQ C

3KLOOLSV +RUWRQ HW DO .OHLQKDQV HW
LQ SDUWLFXODU DUH HIITHFWLYH HFRV\VWJHRR HQHLQM QRW R
WKURXJK WKHLU SK\VLFDO SUHVHQFH EXW DOWR GXH WR W
DUERUHVFHQW IRUP DQG GHHSHU URRWLQWUWVLEWWRR QWRKH L
JURXQGZDWHU WKHLU SURSHQVLW)\ IRU XSURRWRKD EUWMIND
DQG WKH SURGXFWLRQ RI ODUJH ZRRG\ GHEULV WKDW FDQ

IRUPDWLRQ RU ORJ MDPPLQJ RI VWUHDPV H J +DHWRQ HW
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DO *XUQHOO :RKO *XUQHOO '‘DYLGVF

DQG :RKO 3DZOLN HW DO 6XO0OLYDQ HW DO

7KHVH FRQWULEXWLRQV WR WKH RSHUDWLRQ RI FRQWLQHQ
Earth’s KLVWRU\ DQG WKXV HVWDEOLVKLQJ D WLOWQDQH RRU W
XQGHUVWDQGLQJ WKH PHPBKBQuNaw LB AFRROKOYRQ RDWRH LV
WKH 'HYRQLDQ 0D ZDV WKH FULWLFDOQ®WHUYDO IR

GHYHORSPHQW RI ODQG SODQW FRQWUROV RW\FOLPDWH O

$OJHR DQG 6FKHFNOHU ‘DYLHV DQG *LEOLQJ D E *L
&RUHQEOLW HW DO ORUULYVY HW DO 3DZOLN HW D¢
'DKO DQG $UHQV 7KLV LV VXSSRUWHG E\ WKH "HYRQLD

VKRZV D UDSLG WUDQVLWLRQ IURP VPDOO.BEDLENVD/QEODQ)
BWUXOOX '"HUULHQ WKURXJK WKH HYROXWLRXQ B! YDVF
0D ODWVXQDJD DQG 7RPHVEX +HWKHULQJWRQ DQG
0D *HUULHQQH HW DO BWUXOOX 'HDWLHQ HWDDO
%HUU\ DQG )DLURQ 'HPDUHW *LHVHQ DWQ/GE%HU U\

0D 6WHLQ HW DO

7KH SK\VLRORJLHVY DQG OLIH KDELWV WKHDQWROLWR D/\KHG R
SODQWYV DV ELRIJHRPRUSKLF DIHQWYV LQ PRIGHGRUBPWYGVFD:
HYLGHQFH IRU '"HYRQLDQ SODQW VHGLPHQW IRPMAMYUDEQ/LRQ
ZLWK H[DPSOHV IURP ODWH 6RPOBUIHD® 6 VERSHWREHDQ D IW KD
FURS RXW DFURVYV QRUWKZHVW 6SLWVEHUJHQ LDQJWKH 6YD
DQG +HUH ZH LOQWURGXFH WKH OLWKRVWUDMULIBJHD SKL
DQG LOOXVWUDWH D FDWDORJXH RI IHDGWKUHY IRKDB/NO BQWY |
VHGLPHQW LQWHUDFWLRQV DQG GHPRQWMURWWKKR/HW K I

IHDWXUHYV UHIOHFWYVY WKH JOREDO RQVHW DQGRE6HYWYWOWRSPH
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7KH 6SLWVEHUJHQ 256 LVVKRZQ WR EH DQ DURKWWMSDO FD'
‘Devonian landscape factory’: L H WKH HDUOLHVW FRQWLQHQWDO HQYL

VKDSH VHGLPHQWDU\ ODQGVFDSHV RQ D VFDOH DQDORJRX\

The ‘Old Red Sandstone’ of NW Spitsbergen

The ‘Old Red Sandstone’ LV DQ LQIRUPDO WHUP XVHG IRU VXFFHVVLR
VWUDWD WKDW FURS RXW DURXQG WKH QRUWK $WODQWLF
FRQWHPSRUDQHRXV ZLWK PLG ODWH 3DODHRRIHFQBURWHIDQ |
_.HQGDOO 7KH 6SLWVEHUJHQ 256 LV RQH RI D QXPE
GHSRVLWHG 6LOXULDQ 'HYRQLDQ VXFFHVVLRQWIRDBRBRRVRDL
6FDQGLQDYLD DQG *UHHQODQG HJ ODUVKDOO DQG 6WHSH
'DYLHV HW DO DE $VWLQ HW DO DQG KDV EHHQ
VLIJQLILFDQW JHRORJLFDO LQYHVWLIJDWLRQV 4ROVRIGIDKO \
LW ZDV DQ LQVWUXPHQWDO FDVH VWXGWLQRUKM GHY H(
PRGHOV H J )ULHQG ORRG\ 6WXDUW DQG KDV SU
IRVVLO SODQW PDWHULDO 7KH HDUQRKVMR OORIG RVHE DE XQS
ZHOO SUHVHUYHG PHJDIRVVLOV 6¥KEAMXPRDULHY BAHY NI
WKH SDO\QRORJLFDO UHFRUG Rl WKH VXFFHVVAIRIQ KQV EHH
$O0HQ DQG PRUH UHFHQWO\ IRVVLO IRUHVW\
KDYH EHHQ GLVFRYHUHG LQ WKH \RXQJHVW XQLWW®&I WKH
ODUVKDOO $GGLWLRQDOO\ RQH RI WKH ILUVW HYHU R
VHGLPHQWRORJLFDO VLIJQDWXUH Rl WKH HYROMWH@Q RI OD
256 E\ 9RJIJW +H QRWHG WKDW WKH SUHVHWUYDWLRQ RI
'HYRQLDQ VDQGVWRQHV WKDQ L @adiiG GO ' AREDLIRQWRLQEF

FRYHU RI YHUQWBDDOWMHR® D VORZHU WUDQVSRUWDWLRQ RI WK
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FKHPLFDO DFWLRQ RQ(@MWKIHPLYRPBD FKDQLOWRORIKH FOLPDW

S

*HRORJLFDO 6HWWLQJ

JRUPDOO\ WKH 6SLWVEHUJHQ 256 FRQVLVWYSBHW KUB K UJDIDW
6LNWHIMHOOHW *URXS WKH /RZHU 'HYRQLDQ 5HG %D\ *URX
$QGUPHODQG *URXS :RRG %D\ *UH\ +RHN :LMGH %D\ IRUPI
6XEJURXS )LIJXUH )EbLdddMokin, 1979;060JDODQG3LHSMRKQ DQG
'DOOPDQ 7KH VXFFHVVLRQ ZDV GHSRVLWHR® GAULQJ W
DQG WKH JURXSV DUH ERXQGHG E\ XQFRQIRWRIQWLHV U
GXULQJ LQWHUYDOV Rl UHQHZHG VWULNHHAOLGWMDWEWU B JL\
VRPH GLVFRUGDQFH EHWZHHQ WKHLU WHFWRQLFD&MSW DQ(
IURP WKH ROGHU VWUDWD )ULHQG OF&DQQ 3LHSN
VIQ DQG SRVW GHSRVLWLRQDO XSOLIW KDY H®PHDLOW WRBW
/IRFKNRYLDQ DUH UHVWULFWHG WR VPDOO H{WWM GHIRROLOW ¥
)UDVQLDQ DUH UHVWULFWHG WR IUDJPHQWMW RY IRRHWR QG
VRXWK SDODHRHQYLURQPHQWDO DQG DJH YDULDWLRQ LQ 0
JULHQG ODQE\ DQG /\EHULYV 3LHSMRKQ OF&DC
'DOOPDQ %HUDQHN HW DO 7KH 256 DFORVV WKH
XQFRQIRUPLW\ DVVRFLDWHG ZLWK XSOLIW GXUWEJIDWIGH /D)
INEHULV 3LHSMRKQ OF&DQQ %HUJK HW DO

%YHUDQHN HW DO

SDODHRJHRJUDSKLFDOO\ 6SLWVEHUJH@GRREPHXSEBGBW®RI Z|
HTXDWRULDO ORFDWLRQ IRU WKH HOQWLUH GXWDMWLREHRI 25

GXULQJ WKH '"HYRQLDQ IURP F f 6 WRF f6 7RUVYLN D



WURSLFDO ORFDWLRQ ORQJ WHUP FOLPDMMVLRQUEDELOLW!'
HYLGHQFH RI HLWKHU VHDVRQDO VHBIGC DRIRG \ FEDNOXFRIUHW H V

%ORPHLHU HW DO D RU KXPLG FRQGLWLRQV FRDOV 9]
%OXPHQEHUJ HW DO SHG EHG VWUDW R @ UBIWDMDHNRWI. DL

WR ORQJ WHUP YDULDELOLW\ LQ OHYHOV RI GUDLQDJH 6KF

ILWKRVWUDWLJUDSKLF 8QLWYV

(DFK RI WKH OLWKRVWUDWLJUDSKLF XQLWVVRYLWKMWIBGSLWVE

WKLV VWXG\

6LOXULDQ 6LNWHIMHOOHW *URXS

7KH 6LNWHIMHOOHW *URXS FURSV RXW RQO\ LQONKW IDU QF
DQRG H[SRVXUH LV SRRU GXH WR LQWHUQDO IDXOWLQJ LC
FRQILGHQW DUFKLWHFWXUDO DQDO\VLKHRX QLW R/DWU S WHDY L F

EHHQ LQWHUSUHWHG DV UHFRUGLQJ EUDL RIQG )IDXYQBG G WD Q

DO EXW FRQWDLQV IHZ XQDPELJXRXV LQGLFDWRUV RI
DQG ,0\HV 7TKH VXFFHVVLRQ KDV EHHQ UHSRUWHG WR
DQG ORNLQ EXW RQO\ FRPPLQXWHG FDUERQDFHRXYV St

VWXG\ 3DO\QRORJLFDO DVVHPEODJHV D UW XERIF/L HDNMFH GDE)G
IHZ VSRUHVY WKDW DUH PRVWO\ LQGHWHWBDQ@NE O OHRF ZKW |
DUH YHU\ SRRUO\ SUHVHUYHG DQG PXFK PRUH WYHN® DHD \
256 1R PDULQH FKLWLQR]RDQV RU DFULWD UFKEOBIUMJBUHYVI
LQGLFDWRUV 'HVSLWH WKLV D 6LOXULDQ\QRORYLPBUW OLI
PRWLI DQG EHFDXVH WKH 6LNWHIMHOOHW *URXSWKHY WLC

5HG %D\ *URXS )ULHQG HW DO

IRZHU '"HYRQLDQ 5HG %D\ *URXS DQG :RRG %D\ )RUPL
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7ZR XQLWV FRPSULVH WKH /RZHU '"HYRQLDQ VWUGWID RI 6SL
*URXS UHVWULFWHG WR WKH QRUWK RI WKH URIJLRQ DQG '

(PVLDQ DJHG :RRG %D\ )RUPDWLRQ

7KH 5HG %D\ *URXS LV DQ RYHUDOO ILQLQJ XS ZMWEWHGX F F H
ORZHU KDOI RI WKH JURXS FRQVLVWV RI V\Q BHWHREWWQL)EJIDO
% DQG 3ULQVHVVH $OLFHIMHOOHW IRUPDWQR QM LAK L WK I L
S5DERWGDOHQ )R PaBIWIbKRIQ 9790 atleBd, 1997; Friend et al., 1997;

0OF&DQQ 7KHVH ORZHU XQLWV ODFN SODQW PDFURIRV\
FRPSULVHYV 7KH $QGUPHEUHHQ )RUPDWLRBQVDQGV\WRIQHY
ZLWK VXERUGLQDWH LQWHUEHGGHG GDUN JUK\KUIXOHOHV DQ

\LHOGHG QHZO\ GLVFRYHUHG PDFURIRRVIWHW RERARDDQAP VKU :

WKLV VWXG\ )LJ 7KH )U QNHOU\JJHQ )RUPDWLRQ )LJ
ZLWK UHEXUUHQW ILQH VDQGVWRQH KRUL]JRQ®V \LLIPOGLQJ D
DGGLWLRQ WD FHQWPHFELERVV LEORWMR YRYOW BV  +iHJ

6FKZHLW]HU 7KH %HQ 1HYLV )RUPDWLR® JIWMH\QHIG H
FURVV EHGGHG VDQGVWRQHV RI SUREDEOH EUDLGHG IOXYL

ODFNLQJ SODQW IRVVLOV

7KH :RRG %D\ )RUPDWLRQ UHVWYV XQFRQIRUPDEO\ RQ WKH E
ZLGHO\ GLVWULEXWHG DQG ZHOO VWXGLHG XQLW RI WKH 6¢
6WXDUW JULHQG DQG ORRG\ 6WXDUW %ORPHLI
D E ,W LV GLYLGHG LQWR WKH $XVWIMRUGHQ EDVDO
XSSHU PHPEHUV RQ WKH EfwahdMdkin, 1RV E ® W DX MDK OX WDV O |
OLWKRORJLFDO YDULDELOLW\ 7KH :RRG %BPHYRURDWLRQ LV
GRPLQDWHG E\ FDOFUHWH EHDULQJ IOXYLDONRY POlOERIPGIN H S L
HW DO DE 2XWFURS RI WKH XQLW LV DXFHUWHEWROH I

6
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DSSDUHQW LQ HIWHQVLYH PRXQWDLQVLGH H[SRURVMN )LJ
VKDWWHUHG DQG VFUHH FRYHUHG UHFHVVLYHVRR®URFNV R

FRQWDLQV IRVVLOV RI D BV DORSKKW R BEAYHRRKWHDU LHY D EOH

OLGGOH '"HYRQLDQ *UH\ +RHN :LMGH %D\ DQG 7RUGD

OLGGOH '"HYRQLDQ VWUDWD H[KLELW SURQRXBHWUHBHQHJILRQL

,Q WKH QRUWK Rl WKH UHJLRQ WUDQVJUHWUD W RUNBEBH
(LIHOLDQ *UH\ +RHN )RUPDWLRQ FRQIRUPDEOERYHUGOLH UH
* + DQG \LHOG DEXQGDQW RVWUDFRG DQG ELYDQYH IRVV
DGGLWLRQ WR HYLGHQFH IRU FKDQQHOL]HG XQWGDURBWLRC
HVWXDULQH GHSRVLWLRQ H J )ULHQG ' R UOV®W \
SODQW IRVVLOV RI ERWK VPDOO VWDWXUH VRUSRY \DLE® D
WUHH RULJLQ +jHJ &RQIRUPDEO\ RYHUQM®K WEH *Ut
JRUPDWLRQ LV D VLPLODU XQLW ZLWK OLJKWHVYDIUGMVFERQR
)LJ , D PDULQH LQIOXHQFHG IDXQD DQG WKRUXE/IHINH DC
7KHUH LV OLWWOH GLUHFW HYLGHQFH IRUXWKW BDW RI
RIWHQ EHHQ SODFHG ZLWKLQ WKH *LYHWLDQ WR RYHUODS
JRUPDWLRQ HJ 3LHSMRKQ 'DOOPDQQ +RBHYHU WK
LOOXVWUDWHG E\ 5LHJHO LQ 6FKZHLW]HGLIIHUDQW (UIRIFOL
WKRVH GRFXPHQWHG IURP WKH 7RUGDOHQ J)RUPDWLRQ $0OC

$V VXFK ZH KHUH FRQVLGHU WKH XQLW WR PRVW OLN

,Q WKH VRXWK RI WKH UHJLRQ OLGGOH '"HYRHQE& DR WO\DIDHND
JRUPDWLRQ ORZHU OLPHUGDOHQ 6XEJURXS UHVWIH®I XQF
'LFNVRQIMRUGHQ OHPEHU 3DO\QRORJLFDO VWDBROCHYDWRIKS V

EVHPLQRVDD®RUWMERVSRVKRAHMQI WKDW LWV GHSRVLWLRQ ZDV



ZLWK WKH :LMGH %D\ )RUPDWLRQ ,W FRPBWIKHYO\ WHKER (V
WKLFN EHGGHG JUH\ JUHHQ VDQGVWRQHY DQ®VKDQE&YV ZL
WKLQ FRDO 9RJW +DUODQG HW DO BLHSMRKQ 'L
DQG WKH )LVNHNO{IWD OHPEHU )LJ - GDUNHU JUH
FDSSHG ZLWK D GLVWLQFW PHWUH WKLFN RKDRHGIUXRRUL]F
JUDLQHG V(&) GRAMRIQEHWDSanEsRAG LDLHSMRKQ 'DOOPDQQ
VWUDWD RI WKH 7RUGDOHQ )RUPDWLRQ KDVYK @B HORQDWH U
IDFLHV ZLWK VDQG LQSXW IURP PDUJLQDO GHODNDNW QG ZI

DO

8SSHU '"HYRQLDQ 3ODQWHU\JJIJHQ DQG 3ODQWHNO IWI

7KH UHPDLQGHU RI WKH OLPHUGDOHQ 6XEJURNXSIFRPSQGVH\
30DQWHNO{IWD IRUPDWLRQV 7KH 30DQWHUSRMH®G )RUPDWL]
VDQGVWRQHY DQG FRQJORPHUDWHY 7KH RMBBOHGRGODQ\
ULGJHV DQG ULYHU FXWWLQJV )LJV ./ BYQHUERBSIULVHV K
PXGURFNV DQG \HOORZ JUH\ IOXYLDO VDQGVWR@RVWD\G ZH
FODVW DQG PDWUL[ VXSSRUWHG GHE ULEXIQREZQVR ¥ WIRPGIIL]
O\FRSVLG DQG DUFKDHRSWHULG WUHH IRVVLOV RIQ DGGLW]|
VKUXE OLNH KDELW %HUU\ %HUU\ DQG ODUEKHBQO

LQWHUSUHWHG WR UHFRUG GHSRVLWLRQ E\L\DRD OO 10XYLD{(
SXQFWXDWHG E\ GHSRVLWLRQ IURP GHEULV IOREHBYHQWV \
KLJKODQGV WR WKH HDVW DW WKH RQVHW RI WKH 6YDOED!

%HUU\ DQG 0ODUVKDOO

30DQW VHGLPHQW LQWHUDFWLRQV LQ WKH 20G 5HG 6D
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7KH /REKNRDPMDQDQ VWUDWLJIJUDSKLE UHFRUG RI WKH 256 RI
SHUIHFW QDWXUDO ODERUDWRU\ WR V HDA EIQ \WRHW B E QLR X L
KHUH GHVFULEH DQG LQWHUSUHW PXOWLSOHKHDWXUHV WK
VXFFHVVLRQ 7ZR RYHUDUFKLQJ FODVVHW RHW HM DWXUH D
9HJHWDWLRQ 'HSHO ®PD@W BLDQBWKUHVSODQW GHEULV ZRR
HJ URRWLQJ WUDFHVY YHJHWDWLRQ L®GKXHWGHVHGERBDQW
QRYHO WR WKH 'HYRQLDQ EHFDXVH WKH\ UHTXLUHG GLUHF)\
PDQLSXODWLRQ E\ YHJHWDWLRQ  -9HDFMDMWLIRI®D DWRYHQ
FUHDWLRQ ZRXOG KDYH EHHQ LQIOXHQFHG E\ WKH SUHVHQ!
HJ ZHDWKHULQJ SURGXFWV VHGLPHGHEDWUY DIUHFWDWHR®Q X
LQIOXHQFH LV SUREOHPDWLF WR GHWHUPLQH \WHRUAL \D\WLAD G
WKH 6SLWVEHUJHQ 256 DUH GLVFXVVHG ZLWHRP M KH HQRH D\

VHGLPHQWDU\ VWUDWLJUDSKLF UHFRUG

JRVVLO 30DQW ODWHULDO

7KH VLPSOHVW HYLGHQFH IRU GLUHFW L QWHHNS\OHDX R A RXZUH\H
ZKHUH SODQW PDWHULDO LV SUHVHUYHG WIS R UWHHEGE R R
GLVWDQFH RU EXULHG DW LWV JURZWK VRDWHHUQDDQLW XFK
LOQGLFDWLYH HLWKHU WKDW IOXLGV ZHUH PDUDYVSRUMAO\ |
PRGLILHG HURVLRQ DQG GHSRVLWLRQ WKUHVKROGYV 5HERJ
VLWHV ZKHUH SODQW PDWHULDO KDV EHHVHUQ VG WKDNGQRKVT
RYHU FROOHFWHG DQG WKDW SODQW P DVWHWKH DDUM®NS UH\
REVWDFOH LV OHVV RI DQ LVVXH WKDQWD DVH 6RPEROKHD FD
ULFK LQ IRVVLO PDWHULDO EHFDXVH WKHBW IKROY EFHHRV © VP
UHJLRQ DQG RXWFURSV DUH IUHTXHQW O\l UFFRND)XO\DEBQY BIVVDHIEG WA

ULYHUEDQN UHWUHDW 7DSKRQRPLF ILOWHUV XDG S ODWYMG C

PR



PDWWHU KDV EHHQ SUHVHUYHG SDUWLFXODBUVYEBUZLRAKLIQOZH
SODQW PDWHULDO LV NQRZQ IURP DOO 'HYRXWDQ VWDJHV L
WDSKRQRPLF W\SHV WKDW KDYH VWHSZLVH ILUVW DSSHDUL
&RPPLQAXWHG GHEULYV JUDJPHQWDU\ UHPDIEQ\VL\RIDEHDLFD

30DQWYV SUHVHUYHG LQ JURZWK SRVLWLRQ

&RPPLQXWHG GHEULYV

&RPPLQXWHG GHEULY LQFOXGHYVY GDUN JUH\ RU ERDFN IOHF
' PP DFURVV WKDW PRVW RIWHQ FDQQRW EH WD[RQRPLFD(
SK\VLFDO GHJUDGDWLRQ RI SODQW PDWWHKD QILFDKHI\ DKINUWU
RU ZKHUH WKH LQWHQVLW\ DQG GXUDWLRQ RI BRKEXIURDOQD W
SDWFK\ DFFXPXODWLRQV LQGLFDWLQJ WKDWWK@GGHEULV
GHSRVLWLRQ HJ 6SLFHU DQG :ROIH 7TKH HDUOLHVW
256 RFFXUV ZLWKLQ WKH 6LOXULDQ 6LNWHUMM R BT XH RX\S

XQLW

JUDJPHQWDU\ UHPDLQV

5SHFRJQLVDEOH VWHPV D[HV EUDQFKHV DQG DSSHQGDJHYV
IRFKNRYLDQ DQG \RXQJHU VWUDWD HDUOLAMMWR®@ [DPEWRAHYV I
5HG %D\ *URXS $FFXPXODWLRQV RI VXFK GRQLHLWHKHD WM
WR OHVV LQWHQVH IOXLG HQHUJ\ OLPLWHKG WQGBQRAGRUW G

PHFKDQLFDOO\ UHVLOLHQW SODQW WLVVXHV

([DPSOHV IURP /RZHU DQG OLGGOH 'HYRQLDQODNUNMDWD LOO>
LOWHUDFWHG ZLWK WKHLU SK\VLFDO HQ WIQURIUP\HMWFK L WIHIP

DQG OLWKRORJLHV RI WKH $QGUpHEUHHQ )RUPDWLRQ /RFK
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ROGHVW LGHQWLILDEOH SODQW GHEULV UHFWHBLEHG LQ W/
VDQGVWRQHY SDFNDJHG DV GRZQVWUHDP DFFUHWLRQ VHW
ZLWK ILVVLOH JUH\ VKDOHV )LJ $ ( 6&IZQWKRZVEDDIHGEBUL
LQWHUYDOV RI FKDQQHO VZLWFKLQJ SURYLGIHRD URMDVRQDE
WKHVH VHGLPHQWDU\ VLIQDWXUHV H J VHMRIGWRLQY MKHG
VXFFHVVLRQV DUH EDUUHQ RI IRVVLO SODORHO®DVRHELDO W
=RVWHURSKI®OKXP) 7KH UHODWLYHO\ XQGHJUDGHG QDWXU
PLQLPDO WUDQVSRUW DQG LPSOLHV WKH\ ZHUHRAMWHUUHC
EH DVVRFLDWHG ZLWK URRWLQJ VWUXFWXUHVR W HAHK BN FW L R
(DUO\ '"HYRQLDQ SODQWY LQGXFLQJ DQ\ K\GERQQFROPIEHVHG
DVFHUWDLQHG ZKHWKHU WKH\ RFFXSLHG VXEPHUJHG SDUW
DVVRFLDWLRQ ZLWK WUDFH IRVVLO HYOLGHQFH MXHD WDEX. I B
H[LVWLQJ SODQWV ILVK DQG LQYHUWH EWWDW 8V H YIHIXW H Q" \*
\RXQJHU VWUDWD ZLWKLQ WKH 3UDJLDQ (®\OHPEHRR®WoD\
.DSS 3HWHUPDQQ )LJXUH +HUH 1UDJPHQWW IRW EWHD G PKLG
"3VLORSBUMRUHVWULFWHG LQ WKHLU GLVWULEXWPRQ WR L
LQ YHU\ ILQH VDQGVWRQHV )LJ $' 7KWHURUDMWIL HIO FRRAQT
VXJIJHVWV WKH UHPDLQV DUH SDUDXWRFKWKR®BWKHDNQG W
LQVWDQFH ZKHUH /RZHU 'HYRQLDQ SODQWY KDG FRORQL]H(
EDUV GXULQJ ORZ IORZ VWDJH 7KH SDUWQDEHIERRBEQMWY !
ZLWK PRUH ZDWHU ZRUQ SODQW IUDJPHQW\LIUWKHU+ XS VI
+HUH LQ FKDQQHO VDQG\ EHGIRUPV KRVW RQO\ WRPPLQXWH
DQG SDUWLQJ OLQHDWHG VDQGVWRQHV FRQWWHY WBQU WR |

WKH HQWUDLQPHQW DQG DWWULWLRQ RIHROPRMQQBQE SOD!
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J)LIXUH VKRZVD OLGGOH 'HYRQLDQ H[DPSORIIWRKMH PDULQH |
+RHN J)RUPDWLRQ GHPRQVWUDWLQJ KRZ SK\WRFOWDVWYV KD\
ILQH FODVWLF VHGLPHQW +HUH XQLGHQMQWLHD® 6D KR~ Q/BIR
PXGG\ VHGLPHQW SDWFKHV WKDW REFFXS\ WKB O/Z\D\0 bl D WRH \D
WKH WRSRJUDSKLF ORZV RQ WKH PDUJLQV RHC® BDNQBBDEQJ
DQG VLHYHV IRU SK\WRFODVWY GHPRQVWDGWLPU[MKDW FR

VHGLPHQW ORDG RI ERWK VLOLFLFODVWLF DQG SODQW GHL

7KH H[DPSOHV LOOXVWUDWHG LQ )LIXUHV VER DWQIGRZ KRZ
VKUXEV ZHUH FRPPRQ VHGLPHQWDU\ FODVWV MD@DUO\ DQG
FKDQQHOV ZLWK SUHVHUYDWLRQ SRWHQWLDQLMQBRWK SR
*UH\ +RHN IRUPDWLRQV DQG ZHOO GUDLQHG 7AKHGPRWGV:RR
FRPSOHWH IUDJPHQWY RFEXU LQ WKH VHGLPBQWW R WIKCLM \

WKHVH ODQGIRUPY DW OHDVW ZHUH FRORQL]JHG E\ SODQW

'RRG\ '"HEULYV

7TUXH ZRRG\ GHEULV LV SUHGRPLQDQWO\ FRPSROWHIURI [\OH
SDUWLFOHY +DUPRQ HW DO D OLEHUDO GHILQLWLRQ
DOORFKWKRQRXV DFFXPXODWLRQV RI ODUJH LWGSL,EDOE®H

6SLWVEHUJHQ 256 WKH HDUOLHVW LQVWDQHNYV)RURKXWK REH

DQG SHUVLVW LQ XQLWYV WKHUHDIWHU

,Q PRGHUQ IRUHVWHG VWUHDPV ZRRG\ GHEULXLWHOBGQ LPSR
ERWK FRQWLQXRXVO\ DQG HSLVRGLFDOO\ WKURXJK PHFKD
PRUWDOLW\ KLOOVORSH IDLOXUH IORRGSODLQ HURVLRQ

UHFRUG IRVVLOL]HG DFFXPXODWLRQV RI VXFK GHEWLY DUF

EXW HWUHPHO\ UDUH LQ ROGHU VWUDWD HWHDRQHmIWHU WKI



*LEOLQJ 7KH 6SLWVEHUJHQ 256 LV VLIQLILFDQW L
HDUOLHVW NQRZQ LQVWDQFHV RI ERWK LQGLYLGXDO DOOR

DQG GHQVH DFFXPXODWLRQV RI ZRRG\ GHEULV )LJXUH ZI

,QGLYLGXDO ZRRG\ GHEULVY FODVWYV

7KH ROGHVW LQVWDQFHV RI ZRRG\ GHEULV RQRUWDKKRROFHYV
RULHQWHG PDWHULDO KRVWHG ZLWKLQ WHHID\FLHM RIUW K € H (
(LIHOLDQ *UH\ +RHN )LJ $ +ijHJ DQG :L&FEKH HADX] HRWU P

7TD[RQRPLF LGHQWLILFDWLRQ RI WKH SOD@YW& BWMK LD
SURWRFHS KDUWIRBAKHYLWKDY D VXOFDWH RUQDPHQWDWLRQ L
$W WKH WLPH RI GHSRVLWLRQ WKH GHEULVY OWNBQGWVRPSU

ZLWK D VWULQJ\ VWUXFWXUH UDWKHU WKDQ UREXVW ZRRG

/I DUJHU DQG PRUH UREXVW ZRRG\ SDUWLFOHV DQI NDQRIZQ I!
SDUWLFXODUO\ SURPL QHRINGAIbaMiK Ea@dstdhi H R IL WHK\W DOSBEHUP R V!
7TRUGDOHQ )RUPDWLRQ +HUH LQGLYLGXDO FODVYWK RI ZRR
WKDW DUH GRPLQDWHG E\ IODWWHQHG WUXQNNRBNVBEGREDE(¢
PDWHULDO )LJ & ,dafifgHn\ihie BdiDdbS @ Harth’s earlie VW NQRZQ WUHH
IRVVLOV %HUU\ DQG )DLURQ 'HPDUHW *LHVHQ DQC
IRU WKH RULJLQDWLRQ RI ZRRG DV D QRYHO VHGH@WOQWDU\
SHUVLVWHG DV D FRPSRQHQW RI PDQ\ VHGLPRGWDWRIHQYLL
(DUWK KLVWRU\ HJ 'DYLHV DQG *LEOLQJ :RKO

7TUPSHU HW DO

$FFXPXODWLRQV RI ZRRG\ GHEULYV

JLIXUH VKRZV WKH VHGLPHQWDU\ FRQWH[W RDWER®RXR XLGD W\

WKH :LMGH %D\ )RUPDWLRQ )LJ $ & RFFXHQNVRUBQBRIPO\R

io



FOXVWHUHG VWULQJ\ [\OHP VWUDQGV XS WR FPI[LQ OHQJ'
6 XFK GHEULY DSSHDUV WR KDYH KDG OLWWOHH HEKHFRN RQ S

FRPSULVHV KHWHUROLWKLF FRDVWDO FKDQQHO ILOOV )LJ

,Q FRQWUDVW WUXH ZRRG\ GHEULV DFFXP X CHPWLLR@VRDOUH F
WKH XSSHU 7TRUGDOHQ )RUPDWLRQ )LJ ' )DWKRQW FD8XFF

FP WKLFN ILQH JUDLQHG VDQGVWRQH ERGLHV 7KH 7RUGI
UHVHPEODQFH WR ORJMDP GHSRVLWYV WKH HMURXNVW NQR
*DVWDOGR DQG 'HJJHV *LEOLQJ HW DO +RZHYHU
VHGLPHQWDU\ IDEULF Rl WKH 7RUGDOHQ DFFXPXDDWHLRQV (

WKH\ DUH VWURQJO\ RULHQWHG LQ RQH BLUHFWLRQ F
WKH\ RFFXU LQ PHGLXP JUDLQHG VDQGVWRDIR WKDW ROB 8V
FODVWVY WKDW ZRXOG EH FDXJKW LQ D ORJMDPV RWHUW\ RFF
D YHUWLFDO GLVWDQFH RI PHWUHV ZLWK QR HYLGHQFH I
DEFXPXODWLRQV ZKHQ VHHQ LQ DVVRFLDWLRQ BEDWK VD
ZLWK WKH PRXQG FUHVWV )LJ ) WKH\ REFFXU RQ EHGGL
GHSRVLWL RIQSD00. WKICOLWIKMYR SRG WUDFNZD\V DQG DHROLDQ D
LQGLYLGXDO ORJV )LJ ) UDWKHU WKDQDMQAREYD QWBQHR X
WKH\ DUH WKLQ DFFXPXODWLRQV WKDW R DWKMEHWRI) ®R IV
KDYH D PHDQ ZLGWK RI PP DSSUR[LPDWLQJ WR RULJLQDC
DQG D PHDQ LQGLYLGXDO WKLFNQHVV RI PP $V HDFK ZRR
FP WKLFN WKLV JLYHV D FRPSDFWLRQ YDOXH IRU WKH ZRR
ZRRG DFFXPXODWLRQ ZDV RQO\ F FP LQ WKLWNBWWRY 7D
WKH 7RUGDOHQ DFFXPXODWLRQV VXJJHVW GV I6DWI WIFDWAKH R
.UDPHU DQG :RKO SHUVLVWHQW ZRRG\ GHE@LV DFFXP

GULIWZRRG H[SRUW WR D VKRUHOLQH LV KLIJK DQBGQDFFXP X



P01

T00

T00

WKH 7RUGDOHQ DFFXPXODWLRQV DV HBDWDWGE B QI R F WHW L AR\
6YDOEDUGLD 6DQGVWRQH DV GHOWD WRSWIDIQIGWH R WUICOHIEL €

WKH ILQHO\ EHGGHG VDQGV RI WKH J)LVNHNO;{jIWD OHPEHU )

30DQWYV SUHVHUYHG LQ JURZWK SRVLWLRQ

,QVWDQFHV RI WKH ORZHU WUXQNV RI LVBODOYW®E& SIALHY/WWY Y
LQ OLIH SRVLWLRQ DQG HIWHQGLQJ YHUWLFDOO\LWKURXJIK
WKH XSSHUPRVW 256 )UDVQLDQ 30O0DQWHNO i WPRI )MKRDWLRC(
VDPH SODQW JHQHUD RFFXU LQ ROGHU VWUDWBVRIQWHKH *LY
LQGLFDWHY SODQWYV ZLWK D PHFKDQLFW® S/SMOUWDQ JBN KWWK K D @
DQG VHGLPHQW WKDW LQWHUUHG WKHP DQG WKH\LPSDFW

VWUXFWXUHY DUH GLVFXVVHG LQ 6HFWLRQ

SRRWLQJ 7UDFHYV

7KH HDUOLHVW URRW IRVVLOV ZRUOGZLGH DUHVNQ@RZQ IURF

+HWKHULQJIJWRQ DQG 'RODQ EXW VHGLPHQWDU\ VV
WR UHFRUG WKH VHGLPHQW ILOOLQJ RI SODWWUORRWYV RFF.
6 XFK VWUXFWXUHYV FRQVLVW RI WUDFHVUREXWG VPHAHIQVK VB IOD
URRWY DQG GLVVLPLODULWLHYV ZLWK DQ MWPHW EXDNYRKM H
LUUHJXODU DQG VLQXRXV IRUPV GRZQZDUGV EUDQFKLQJ |
FROORLGDO FOD\ OLQLQJYV +LOOLHU HWOQV DEVHQUWVHRFF
6SLWVEHUJHQ 256 XQWLO WKH )UDVQLDQ 30D QWHND IWD )F
VWUXFWXUHY DUH NQRZQ IURP WKH /RZHU '"HYRQLDQ RQZDL

HORQJDWH GUDE KDORHV WKDW PD\ EUDQFK GRZQZDUGV )I

7KH $QGUpHEUHHQ )RUPDWLRQ RI WKH 5HG %BRWRXS \LHO

VWUXFWXUH LQ WKH 6SLWVEHUJHQ 256 )XRH¥XL¥RADOSD DW
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FRXOG DOVR EH H[SODLQHG DV DQ LQVWDQFHVRI DQ LQYHU!
DSSHDULQJ LQ DOOXYLDO VHWWLQJV IRU WHRHQWWHVWAHW LIFP®GI

6KLOOLWR DQG 'DYLHV +RZHYHU IDYRXKWQJ WKH
LUUHJXODULW\ WR LWV IRUP FRXSOHG ZLWKKHWADPR@DR[W

WRS VKDOHV WKDW \LHORVSVIHURSKRE G WKW IORXYV FI )LJ

B8QHTXLYRFDO FOD\ OLQHG URRW VWUXFWXIDHNDDRIIHWKUHH @ R ¢
‘RRG %D\ )RUPDWLRQ )L % WKH VHGLPHQWDWUAWHRQWHI[V
7KH URRW VWUXFWXUHY DUH KRVWHG ZLWKLQ@WKHRPISURDOH W |
GHFLPHWUH VFDOH FOLPELQJ ULSSOH @WDBFNMWLIW HGRVEIQGYW W
LQVWDQWDQHRXV RXW RI FKDQQHO GHSRVLWLHRWUMNHY W RO@
PXGURFNV ZLWK SHGRJHQLF VOLFNHQVLGHVLWQ ZIKAD WR KW \
FDQ EH VHHQ DQFKRUHG LQWR WKH WRS RI WKHGUHYDVVH
VDQG\ HYHQW EHGYVY SULRU WR WKH DFFUXDO RVKRYHUEDQN
FRORQL]DWLRQ RI IUHVKO\ FUHDWHG SRVRXNOBRG QWY DV X
RFFXUULQJ RQ DOOXYLDO IORRGSODLQV LQ WKH (DUO\ "HYF
JRUPDWLRQ \LHOG IXUWKHU LQGLUHFW HYLGH®@ FHH URML FIR® V
OHQIJWK LQ WKH IRUP RI GUDE KDORHV DQG HFWHIRFQUKL]RC
eli¢al ‘rhizoliths’ previously reported from the Verdalen Member (Volohonsky et al.,

DUH LQ IDFW VSHFLPHQV RI WKH*LQR® IUNKED BIWHDBX U U

SRRWLQJ VWUXFWXUHY DUH OHVV FRPPRQ LQ OLGGOH "HYRC(
SRVVLEO\ GXH WR WKH HQYLURQPHQWDO EIQTFHLPBRRBHWHHG E
SXWDWLYH VHGLPHQWRORJLFDO HYLGHQFH IR\ WRRWLQJ V'
DQG :LMGH %D\ IRUPDWLRQV LQ WKH IRUP RALERWQZDUGYV V

GLDPHWHU GHFUHDVHYV DIWHU EUDQEKLQ& 'WR/ KHF?PW.IDX¥FM/X

io
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DUHFOHDUO\ GLITHUHQWLDWHG IURP WKW/ UGN X@QDW KR WD RF
VXFFHVVLRQV HJ 8 VKDSHG DQG GXPEEHO OOWVKIIS AIGWHEKX U |

GDUN RUJDQLF ULFK PXG 7KH VDPH VWUDWDX®@ODWR \LHOG |

2WKHU URRWLQJ VHGLPHQWDU\ VWUXFW XUIHY /IDOWWKH 6SLW
'"HYRQLDQ WUDQVLWLRQ )LIXUH ( 7KH KRVWKHILW RI WKF
XSSHUPRVW 7TRUGDOHQ )RUPDWLRQ RU ORZHUPRVW 30DQWI
VWUDWLJUDSKLFDOO\ RYHUOLH REVHUYHGVO/DXFW XRR®\ GH
FRPSULVH VXFFHVVLYH SDODHRVROV GHQRG OK\DIRWW HNJKCH/
HIWHQG XS WR PHWUHYVY LQ YHUWLFDO OHQJWRXID@G LPSO\
GHYHORSHG ZLWKLQ SDUWV RI WKH VHGLPHQW\D UAKHHQ YLURC
URRWHG EHGV DUH SXQFWXDWHG E\ F PHWUH WKLFN HUR

LOQOWHUPLWWHQW UHZRUNLQJ RI WKH GHQVHO\ YHJHWDWHG

OHIJHWDWLRQ ,QGXFHG 6HGLPHQWDU\ 6WUXFWXUHV

9HIJHWDWLRQ LQGXFHG VHGLPHQWDU\ VAMUOUHAX ILRHI\P HIG 66\
LQWHUDFWLRQ RI VEGDPMQW AUWE HY \DION X DQG SURYL
IRU SODQWYV KDYLQJ PHGLDWHG VHGLPHQW DFFXRXO®WLRQ
HW DO GHILQHG VHYHQ W\SH\Q F5i6 9,8 PLOG WG2ORH PD RV H J R
K\GURG\QDPLF SURFHVVHV LQWHUDFX3\®3 FQ WK EMOWQBUQX
SODQW UHFRUGLQJ GHSRVLWLRQ LQ LWVGVRQ @RIOD M QW |
UHFRUGLQJ WKH LQILOO RI D VFRXU KROORZ IRUPG E\DW LW
D FRDOHVFHQFH Rl XSWXUQHG EHGV DQG FHQWURFOLQDO F
FRPSOH[ LQWHUQDO VWUDWLILFDWLRQ RI & /&R XER GLAV DL
DVVRFLDWHG ZLWK PXOWLSOH LQGLYLGXDOF®DMHYQRWY DUUDC

EHGGLQJ SODQHV IRUPHG E\ URWD W& RRURIHI® i&PLE AR S/DKOH)
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LQ VLWIXOQQYWWXLWKLQ DORZAAWKOQOQHSELBHGY DULVLQJ IURF
QLQ VLWX EXULHG WUXQN DQG WKH FROODSVH RI VHGLPH

PXGVWRQH ILOOHG KROORZV IRUPHG E\ FDVWLQJ RI LQWHU

$OWKRXIK QRW DOO W\SHV RI 9,66 KDYH EHHOQQRHPRRQL]HG
XSWXUQHG EHGV FHQWURFOLQDO FURVV VWUDWD DQG VFR
)ubvQLDQ DJHG VWUDWD DQG DQDORJRXV LRBWGROHPD\ DOVR
'"HYRQLDQ SDUWV RI WKH VXFFHVVLRQ 7HKHVHGIHBWHKVYHYWQ

UHSRUWHG ZRUOGZLGH

IRZHU DQG OLGGOH '"HYRQLDQ 9,66

JLIXUH $ % VKRZV DQ LQVWDQFH R ZKIOHKV 65U M/ DE M bl DA QV X3
RFFXUULQJ DW WKH FRQWDFW EHWZHHQ WKH WRIS RI D UHG
VSOD\ VDQGVWRQH LQ WKH (PVLDQ 'LFNVRQIMRUGHQ OHPEH
FRQWDFW PD\ UHFRUG D VIQRSWLF WRSRJUDSKA IRUP D WU>
RI WKH GHSRVLWLRQDO VXEVWUDWH VHH 3DROD HW DO

PDVVLYH VDQGVWRQH SDVVLYHO\ GUDSHV WKH PXGURFN EF
XSSHU FP RI WKH R[LGL]HG PXGURFN VKRZV D PDQWOH RI
VXJIJHVWLYH RI UHGXFWLRQ E\ VKDOORZO\ SHQEWIDWLQJ L
KDORHV H[WHQG DQG EUDQFK XS WR D PHWUH GRZQZDUG Il
DOWKRXJK WKHLU GLVFRQWLQXLW\ KDPSH UNOPRQDLGIBEQWR B |
WUDFHV Rl GHHSO\ DQFKRUHG VPDOO VW IDW YHHU IS\OWIQRWVL P}
WKDW GHHSHU URRWHG SODQWYV ZHUH LQGLYLB®WOO\ FHQV
IORRGSODLQ 2Q PRGHUQ IORRGSODLQV ODUJH VFDOH PR)
SUHIHUHQWLDO DFFXPXODWLRQ RI SODQW RDWWHU DQG VH

6FKHLKLQJ DQG 3IHIITHUNRUQ 6PDOO 6 XOOLYDQ HYV
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LQWHUDFWLRQV VKRXOG DOVR EH H[SHFWHGUMR KDYH EHHC
'HYRQLDQ SODQWYVY ZKRVH SULPLWLYH SK\®HR®RDWFBEDI FR
ILQH VHGLPHQW OLWFKHOO HW DO ,Q DMMRU\LQVWDQF
IORRGSODLQ WRSRJUDSK\ LQGXFHG E\ HDUO\ KHUBDFHRXV
FDVW E\ RYHUEDQN IORRGLQJ VSOD\V ZKLFK FOFQ ORVH FDSE

WRSRJUDSK\ DV WKH\ ZDQH DZD\ IURP WKHLU VRXUFH H J

2QH OLG 'HYRQLDQ LQVWDQFH RI S0BQMM VURIPDR\Y M & IV WK EF
ZLWKLQ WKH :LMGH %D\ )RUPDWLRQ )LIJXEBEBPO &XG +HWGIHQ
WXEH LV KRVWHG ZLWKLQ WKLQ EHGV RI YHU\ ILGIWHUDLQH
WKH\ FRQWDFW ZLWK WKH VWUXFWXUH $O0OWB&®RKVVEKH VW
LGHQWLILHG DV D VSHFLILF SODQW IRVVLO MMHY XQOLNHC
GHIOHFWLRQ Rl WKH EHGV LV DV\PPHWULFHPSRUFWHWEP RHWHE
VWUXFWXUH ZDV HPSODFHG WKURXJK GLUHFM/HGLSIHQN WKD
VWUXFWXUH UHFRUGY WKH LQWHUQDO F DV VQLQS ORI QWK ¥ VKHRF
DW WKH WLPH Rl GHSRVLWLRQ ZLWK WKH GHHBHFWLRQ RI \
VXEVLGHQFH DV EXULHG SDUWV RI WKH SODWW @G\HW D QHG D2
WKH 6SLWVEHUJHQ 256 WKDW FDQ EH DVFUWLEEGBI WRHBQH R

5\JHO HW DO

8SSHU '"HYRQLDQ 9,66

$EXQGDQW LQVWDQFHV RI 9,66 DUH UHFR R®HLL WIKWEKR W K) U D
VWDQGLQJ DUFKDHRSWHULGV )LJV DQG O\FRSVLGYV

9,66 DUH DQDORJRXV WR ROGHU VWUDWD LQ WKH 6SLWVEH!
VXEVWUDWHY EHORZ O\FRSVLGV )LJ $ WKD®W6 UHVHPEOH

$ % ,Q DGGLWLRQ WKH 30O0DQWHNO;ijIWD XRGPBRWLRMPKRYV



9,66VHMMXHO HW DO FXUUHQWO\ NQRZQ ZRUOGZLGH D(
HYROXWLRQDU\ RQVHW RI DUERUHVFHQW YHWHSHDODWRRQ DV
K\GURG\QDPLF 9,66 DUH UHFRJQLVHG LQ WKMHLAOBQWHNO;IW

FHQWURFOLQDO FURVV VWUDWD VFRXU DQG PRXQG EHGYV

8SWXUQHG ODPLQDH )LJV & DUH WKH RURVV VHFWI
HORQJDWH DFFUHWLRQDU\ VHGLPHQW PRXQGV WKDW GHYH
$O0OHQ 5\JHO HW DO 7KH\ DUH UHDGIHID\GLDJQR
DGMDFHQW WR VWDQGLQJ YHIHWDWLRQ EXW RVWKQHU LQVW
OLNHO\ UHFRUG GRZQVWUHDP FURVV VHFWLRQVHRUWKH YH.
JLIXUH () 8SWXUQHG ODPLQDH WHQG WRQBWHWRNHHSHU Z
DUFKDHRSWHULGYVY H J )LJ &' DQG JHORVOHRREIKHGWY WK
)LJ &' LPSO\LQJ WKDW DUFKDHRSWHWMFRDVWOHHWUKD BRY N F IV

6HFWLRQ

&HQWURFOLQDO FURVV VWUDWD )LJV % ' XRFFXU DV
EDVHV 10DW WRSV DQG IRUP FRQFRUGDQWO®RPUQDIH 7KH
DQWHFHGHQW VFRXUV WKDW KDG GHYHORSHG ZKHQ ZDWHU
HURVLYH FRPSRQHQW RI WKH IORZ EHLQJ IRUFHG GRZQ WKI
ZKHUH WKHUH LV DQ XSZDUGV WUDQVLWLRQH® FOD P HQ W RHF
)LJ &' UHFRUG D FKDQJH IURP HURVLYH WRIJIDQDGDWLR
IORZ :KHUH PXOWLSOH LQVWDQFHV Rl ERWKLEDMWURFOLQTE
FRDOHVFH DORQJ WKH VDPH KRUL]JRQ FRPSRXQG VFRXU DQ

ZLWK DOWHUQDWLQJ FRQYH[ DQG FRQFDYH XS FRPSRQHQW

8SWXUQHG ODPLQDH FHQWURFOLQDO FURVVWRALQYDWKHD Q G

FDQRQ RI 9,66 GHVFULEHG E\ 5\JHO HW DO $ IRXUWK |



9,66 LV VHHQ UHFXUUHQWO\ LQ WKH 30D QDWHEXFN®B GRUP D\
ODPLQDH )LJV & ) ' %XFNOHG ODPLQDKEBWRH D@ ZD\V
VLB XDQWY WKDW DUH FXUYHG DQG LQFOLQHGOWREBUGLNMVW K
RI WKHLU ZRRG\ VWHPV LQ OLIH 7TKH EXFNOHWROIKWQDH F
WKDW ODFN WKH UHJXODULW\ DQG FRQWLGQXNMG RV ARUUHIQ
VXUIDFHV WKDW GHYHORSHG RQ WKH XSVWUHDOGRZLGH RI V)
FRQGLWLRQV WKH IOH[LELOLW\ RI WKH SOG QW V HIEKD@LUDI\ \
WKH IORZ ZLWK FRPSOH[ DQG GLVFRQWLQXRXV XSVWUHDP

VEFXOSWLQJ WKH VXEVWUDWH

9,66 LQ FRQJORPHUDWH IDFLHYV

J)LIXUH VKRZV KRZ LQ VLWX YHIJHWDWLRQ XON DQBXHQFH
IDEULF RI FRQJORPHUDWHY LQ WKH 30DQWHNQ@GIWRDVRLE®O W\
DUFKDHRSWHULG WUHHVY URRWHG LQWR D SRRUO\ GUDLQH
RUJDQLF PDWHULDO RI WKH URRWYVY KHUH\LWURV¥MVOLTKEB U
VWDQG RFFXSLHG D WRSRJUDSKLF GHSUHVVLRQ WKDW ZDV

% 7KH VDQGVWRQH ZDV VXEVHTXHQWO\ FDO8HG E\ DW Ol
GHSRVLWHG LQVWDQWDQHRXVO\ DV D SRREEWAVVIRRYWHG KH G
WUXQFDWLRQ RI VDQGVWRQH ODPLQDH HJ )LGBHEUtEVVKR
IORZ GHSRVLW ZDV DVVRFLDWHG ZLWK UHZRHUW LOKLRDIHWKHKIH.
DUFKDHRSWHULG WUXQNV KDYH EHHQ WUXQFDWHVMGR WKHLU
GHEULV IORZ DQG DUH VHHQ WR KDYH DFWHXXDWHEWWRDFO!
ODUJHU FREEOHV H J )LJ % ' + 7KLV WVKRZIW MK DIWKHVK
HURVLYH FDSDFLW\ RI WKH GHEULYV IORZ HYHQ®\VEDIXRUFHR XU

GHPRQVWUDWHY KRZ 9,66 PD\ SUHVMBQUBR/ODBRIQW VWX FW H G

baid
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LOWHUQDO WR D VHGLPHQW SLOH LQ DGGLWLRXQ WR WKHLL

VIQRSWLF WRSRJUDSKLHV H J K\GURG\QDPLF IRUPV

9,66 ZLWKRXW SUHVHUYHG YHIJHWDWLRQ

9,66 DUH XQHTXLYRFDO ZKHQ VHHQ LQ GLUHFW DVVRFLDWL
XQGHUGHWHUPLQHG ZKHQ WULJJHU IRVVLOV DUH QRW H[SR
HIDPSOH RI KRZ LQVWDQFHV RI VFRXU DQG PRXQG EHGV FD
LOWHUDFWLRQ HYHQ ZKHUH IRVVLO SODQS\RWRKUH RLVVLQJ
RXWFURS RI WKH 30O0DQWHNOjIWD )RUPDWLRQ RQ WKH EDQN
VL[ \HDUV DSDUW ,Q ERWK LPDJHV WKH VFRXU DQG PRXQG
VWDQGLQJ WUHHYV KDYH YDULDEO\ EHFRPH H[SRVH®GLRU HUF
IDFH ,Q WKLV LQVWDQFH WKH SUHVHUFIHGF9 RV RADF OBV HX

& + EXW VXEVHTXHQW H[SRVXUH LQGLFDWHVY EWIGRQUFKL\
ORGHUQ DQDORJXH FRQILUPVY WKDW LW LV DSSKRBDUWIHDWH W
LPPHGLDWHO\ DGMDFHQW WR D VWDQGLQJ YUBQMWOIRYW VLO E
WRSRJUDSK\ LQKHULWHG IURP XSVWUHDP DPFEFHRVYHHWV UG D

HW DO

OLGGOH DQG 8SSHU '"HYRQLDQ VWUDWD RI WKHZBRSIUMVEHUJF
9,66 PD\ EH LQWHUSUHWHG EXW QRW SURYHQ BADERXFUHYH QW
IHDWXUHV VXFK DV FRQFDYH DQG FRQYH[ XSZDQGV EHGGL!
DVVRFLDWLRQ ZLWK FLUFXPVWDQWLDO HYLGHRFHVIRWIN WD

$ & RU SDUDXWRFKWKRQRXV ZRRG\ GHEULV )MWK ') RU

DEXQGDQW HYLGHQFH IRU WUHHV H J )LJYRZHWYV D VHSDUI

find 6YDOEDUGLDVWRDWWRROQH WKH ZRRG\ GHEULV OD\HUV VKRZ



Aiin $FFRUGLQJ WR 5\JHO HWODEBH[FO X GMKHVWEBUPHQWDU\ VWU XF
ifno E\ IDOOHQ RU WUDQVSRUWHG ZRRG\ GHEULV ORZ2MKDBIW GU
Aind LQGXFHV VHGLPHQW GHSRVLWLRQ HURVLRQ DQG PRXQGLQ
fAfod DQG 7UsPSHU #¥NednBy documentdd multiple “VISS like’ forms

ifid DVVRFLDWHG ZLWK IORZ GHIOHFWLRQ E\ DFFG@WXVOWWLWROQV F
Aol (“LWDISS”) ,Q LQVWDQFHV ZKHUH WKHUH LV QR SUHVRIUYDWLR
fioi 9,66 OLNH VWUXFWXUHYV )LIJXUH LW PDN BHOWMHPGWRXVLEOH
Aol VWUILAKNERVW EHLQJ FRQILGHQW WKDW EHGIRUWRKIHUWHQXODU
fior VLWX RU WUDQVSRUWHG 7R FDSWXUH VXFK XQFBIUWDLQW\
iocd GHILQLWLRQ RI 9,66 ,W LV KHUH SURSRVHG WWDW LWRLD YR |
fieAi EHGIRUPVY PD\ EH DFKLHYHG ZKHUH WKH\ HHWHBLWWIHYWHUDO
ficdo WKHLU IRUP LV QRW UHDGLO\ H[SODLQDEOH E\ PRGHOV RI L
ficé6 K\GURG\QDPLF IORZV WKH\ DUH NQRZQ WR EH D SURGXFYV
ficd WKH\ RFFXU LQ D VXFFHVVLRQ NQRZQ WR KRVWOBQHTXLYRF
iocd WKH\ KRVW IRVVLO GHEULVY RU URRWLQJ WWDRIBY.QWKDW L
i6gi YHIJHWDWLRQ 7KH IRUPV LQ )LJXUH H[KL BHWD GG QWU RQHH
i FLUFXPVWDQWLDO HYLGHQFH WKDW DUERUH/ NHEQWSOMDLQ@G S

i6i ODQGIRUPV E\ IRUFLQJ HURVLRQ DQG GHSRVLWLRQ IURP DV

fi67 There are numerically more instances of ‘likely VISS’ (lacking fossils) than ‘definitive VISS’

i6co ZLWK IRVVLOV LQ WKH 6SLWVEHUJHQ 256 SPWKWOGEHWVDXRN
ioch RYHUFRPH WKDQ RUJDQLF SODQW UHPDLQV FKKHGQ DIMWRRIG WM
ico EH UHXVHG E\ OLYLQJ ELRWD WKURXJK ELRIJHREKHWPLFDO F\
ic6 ZKLOH VHGLPHQW SLOHV DFFUXHG DURXQG YHIJHDNDWLRQ P!

iodé 9,66 IRUPV FDQ SHUVLVW 6PDOO %HWWUHRYHHRRUQLWIL
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XQGHUVWDQGLQJ RI WKH HIWHQW WR ZKLFK WUHHY KDYH V

SUHVHUYHG LQ WKH URFN UHFRUG

O9HIHWDWLRQ ZLWKRXW SUHVHUYHG 9,66

,Q LOQVWDQFHV ZKHUH SODQWY ZHUH VKDOOIRAVLORRWHG (
JURZWK SRVLWLRQ DUH XQNQRZQ GXH WR WIOHINHOL FMRVHG
KDYH EHHQ WRUQ XS RU IODWWHQHG GXULQJ WKIR@GH SRVLW
HIDPSOH LV NQRZQ LQ WKH 30DQWHNO;IWD )R UFRDIWMLIRFD @K -
VWHPVY DSSHDU )LJXUH +HUH DSSUR[RPDLWH®LDWH® WX E
HIWHQG WKURXJK DQ XQGLVWXUEHG KHWHUROLWKLF SDFNTEL
RXW IURP DQ XQSUHVHUYHG SRLQW RI FRQYHUJHQFH RYHU
LOWHUSUHWHG DV PXOWLSOH EUDQFKHV RI D RBIWXPHHQW (
OHDI FXVKLRQV3VRWROVWRLYGRBHQGHIRSWVIQY )LJ ) EXW DU}
TXDUWHU WR D WKLUG RI WKH GLDPHWHU RI WKH XSULJKW
SURWROHSLGIRG®GHRBQWSADY IRXQG ORRVH DW WKH ERWWRP

GR QRW JURZ E\ JHWWLQJ VLIJQLILFDQWO\ ZLGHU

7TKH FURZQ DSSHDUV WR KDYH EHHQ LQWHUUNGH RWK RHQLI
KHWHUROLWKLF KRVW VHGLPHQW ,Q WKHQWQNR DQPK Q@ WQV
KDV DFWHG DV D GLVSURSRUWLRQDWHO\ ALGPFW VYHHBGQ FKR
LQGLYLGXDO SODQWYV VXFK WKDW WKH EUDQRKHNQKSDYH U|
DJJUDGLQJ VHGLPHQW DOWKRXJK WKH ZHLJKWHKSI WHKHI L QW

EUDQFKHV WR EHQG )LJXUH

7TKH UHFXPEHQW FURZQ LV KRVWHG ZLWKLQ IDFLHYWWKDW L
PHDQGHULQJ VWUHDPV VHH 6HFWLRQ DQBERGIWNIBODUHF

VLIQLILFDQW ELRIJHRPRUSKLF SURFHVV LQ PRGHUQ HQYLUF
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DOWHUQDWLYH H[SODQDWLRQ ZRXOG EH WKDW RVZWKWUHH |
KDELW D VWDELOL]LQJ PHFKDQLVP DGRSWH®\ERYROGE\PRGH
IORRGHG ULYHU FKDQQHOV )LHOGLQJ HW DO +RZHYI

UHDFKHG EHFDXVH RI WKH VLQJXODU QDWXUH RI WKH RFFX

&KDUDFWHULVWLFV RI '"HYRQLDQ 9,66

9,66 ZHUH ILUVW FDWDORJXHG IURP &M WERQLIHUBX\G CKIBHYGH
VLQFH EHHQ UHSRUWHG IURP DOPRVW HYHULQG&GXEVHTXHQW
1HIl HW DO %DVKIRUWK HW DO 7TUPSHU HW DO
QR WUXH 9,66 KDYH EHHQ GHVFULEHG IURP WKH '"HYRQLDQ
DWWHVWLQJ WR WKH VXE PP VFDOH PRYHPHR®MPDQXWIHSSRYV

GHEULVY KDYH EHHQ WHUPHG VXFK $OOHQ DQG *DVWDOGR

7KH HDUO\ H[DPSOHV Rl 9,66 REVHUYHG KHUK DQWO\ OHVV GL
GHVFULEHG E\ 5\JHO HW DO EXW WKLV PDLRQVSDUW E
RI WKH &DUERQLIHURXYV WUHHV ,Q VXFK LQGWDYHWHWRIZDNH
9,66 FUHDWLRQ H J $OO0OHQ 5\JHO HW DO DULVL
GHIOHFWHG GRZQZDUGYV XSRQ PHHWLQJ D SLOWWWKIREBLNH RE
YRUWH[ DQG D UHGXFHG ZDNH J]RQH IORZ LQ WKH @HH RI Wtk
WUHHV PD\ H[SODLQ ZK\ K\GURG\QDPLF HIRRML R YYDO WU W
WKDQ GHSRVLWLRQDO IRUPV HJ XSWXUQHIGIOWPYI) DRV E
SURPRWLQJ OHHZLVH GHSRVLWLRQ EXW OHVV WRDODW SURPF

6FKO|PHU HW DO +HLJKW GLIIHUHQFHYV PD\ DOVR
ZKHUHE\ YHIJHWDWLRQ VKDGRZV DUH DXPIUWREBWODVYIRDROH!
O\FRSVLGV H J FRPSDUH )LJV DQG DV REOWRYBEOH PD

IORZV UHODWLYH WR WKH REVWDFOH KHLJKW G6FKO|PHU HW
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5HFHQW DGYDQFHV LQ WKH XQGHUVWDQGLQJ RIQGRZ DURX
ORJJULGJIH /IDUVHQ 5HHVLQN HW DO 6FKO|PH
GLYHUVLW\ RI '"HYRQLDQ SODQWY REVHUYHG LQ WKH 6SLWYV
IOXLG UHVSRQVHVY LQ DGGLWLRQ WR ZDNH IORZ WHX®@PPDUL]F
GHQVH FDQRS\ FDQ GLYHUW IORZ GRZQZDUGY UHMWOWLQJ
RI ZDWHU ZLWK DFFHOHUDWHG YHORFLW\PRQIGWS BR SH{SHEW
LQ DVVRFLDWLRQ ZLWK DUFKDHRSWHULQGNMOH/ BRXVHH @/&KH U
DVVRFLDWLRQ ZLWK VXFK SODQWV LQ )LJ % /LUNMZLVH S
LQGXFH EOHHG IORZ EDIIOLQJ IORZ E\ UHGXRIQU IYBIIHRRFLW

DQG HLWKHU LQFUHDVLQJ WXUEXOHQFH RKHUH VWDQC
GHFUHDVLQJ WXUEXOHQFH ZKHUH VWDQGYV DDEO3HXRZV /D
WKH VHGLPHQWDU\ VLIQDWXUH Rl EOHHG IORRMWMKRXJK D
O\FRSVLG FURZQ KDYH EHHQ SDVVLYHO\ HQWRPEHG ZLWKR:

VDQGVWRQH ODPLQDH

,W KDV DOVR EHHQ UHFRJQLVHG WKDW IOH[LBMOHQHAWHKW D W 1
EHQGLQJ WRZDUGYV WKH EHG GXULQJ KLJK IORZ WR DYRLG
LQGXFLQJ GUDJ HVSHFLDOO\ ZKHUH EUDQFNHRQVHUPLQDWH
6FKQDXGHU DQG ORJJULGJH 6 XFK FRPSOH[ KMURG\QI

EXFNOHG ODPLQDH VHHQ LQ )LIJXUHV '"DQG )

&DQQHO &RDO

&DQQHO FRDO LV D SURPLQHQW EXW YROXPHWRMFDOO\ PL¢
PD[LPXP FP WKLFNQHVV ZLWKLQ WKH (VWKHUWIDK®XJHQ
J)LIXUH 7KH FDQQHO FRDOV KDYH SUHYLRMXWO\ ERHIHN GH

+DUODQG HW DO %OXPHQEHUJ HW DO 0ODUVK
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FRPSRVHG RI OLSLG ULFK R USJUDFEX OFHMIBWAN 8 LAV SHRIE YWISKR UHR P
ODUVKDOO HW DO ZKLFK DFFXPXODWMGDIOQ ODFXVWU
UDWKHU WKDQ LQ VLWX FRDO VZDPSV $OWKRXFHDOQRWRWRQ
SURYLQJ WKDW YHIJHWDWLRQ GHSHQGHQW OLWKRORJLHV

WKH *LYHWLDQ

OHIHWDWLRQ ,QIOXHQFHG )DFLHV

&HUWDLQ IDFLHV FKDUDFWHULVWLFV RI WIGH @ $/UWIMEG D YVHB)I
SURPRWHG E\ WKH SUHVHQFH RI YHIHWDWLRQ XVODQVRODW
HITHFWYV RI YHIJHWDWLRQ EXW LQ WKH FRQWHRVWE&! WKH\JO
DUH VLIQDWXUHV WKDW FDQ EH H[SODLQHG E\ LIQRG REVHU

IUHTXHQF\ GLVWULEXWLRQ DIWHU HYHQWV LQ ODQG SODQ\

(OHYDWHG PXGURFN FRQWHQW ,Q FRPPRQ ZLWK RWK
ORFDOLWLHVY WKH VXFFHVVLRQ KDV D KLJK SURSRUW
IDFLHVY $W WKH ORFDOLWLHV YLVLWHG LQ WKLV VWX
DSSUR[LPDWHO\ Rl WKH YHUWLFDO VXBRHXSVLRQ R

RI WKH /RFKNRYLDQ 5HG %D\ *URXS RI WKH 3UTC
JRUPDWLRQ DQG RI WKH )UDVQLDQ 30DQWHNOIWI
DOOXYLDO PXGURFN FRQWHQW LV UDUH EHIRUH WKH
*LEOLQJ D OFODKRQ DQG 'DYLHV E DQG D JOF
VWUDWLJUDSKLF VKLIW WRZDUGYV PXGGLHU DOOXYLX
HQKDQFHG ZHDWKHULQJ DQG UHWHQWLRQ WKURXJI
IORFFXODWLRQ RI ILQHV E\ YHJHWDWLRQ OFODKRQ I
OFODKRQ =HLFKQHU HW DO 7KH PXGURFN P

6SLWVEHUJHQ 256 LV W\SLFDO RI DOOXY UDVMDHWGHW WL Q
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ODQGVFDSHV DFFHQWXDWHG E\ WKH SUR[LPLW\ WR L
SDODHRODWLWXGH 'DYLHV HW DO
&RPSOH[ DOOXYLDO DUFKLWHFWXUH D SURPKBHQW I
DEXQGDQFH RI LQFOLQHG KHWHUROLWKLW WWLUMDWLIL
DFFUHWLRQ RI EDQN DWWDFKHG IOXYLD® \EHDWMV DUH /
D FRPPRQ WKRXJK QRQ H[FOXVLYH VLJQDWXUH RI P]
ZRUOGZLGH LQFUHDVH LQ DEXQGDQFH LQ WKH URFN
DV ODQG SODQWY DQG PXG LQFUHDVHG UHVLVWDQFH
VLQJOH WKUHDG FKDQQHOV 'DYLHV DQG *LEOLQJ

D $00 WKH 'HYRQLDQ VWDJHV LQ WKH 6SLWVEHU.
LQVWDQFHV RI ,+6 /$ RIWHQ LQ DVVRFLDWLRQ ZLWK
RFFXU ZLWKLQ WKH (PVLDQ :RRG %D\ )RUPDWLRQ OR
ZKHUH WKH\ FDQ UHDFK WKLENQHVVHV RFRBQ & H®OKD C
RI D VLPLODU EDQNIXOO ZDWHU GHSWK H J %ULGJH

SROH RI &OLPDWH DQG 7THFWRQLFYV

6LIQDWXUHYV RI WKH XQLGLUHFWLRQDO RQVHWDRIHYHJHWDW
VXSHULPSRVHG RQ VLIQDWXUHV RI F\FOLFDDVHORQ@HQKHF FRQ
6SLWVEHUJHQ 256 $ELRWLF DOORJHQLF LQIORWQFHNSKD@ E
XQLWV IRU H[DPSOH WKH VWUDWLJUDWKUHVY QW HURH ®UR
+RHN DQG :LMGH %D\ IRUPDWLRQV DWWHNWK@IOWR KLIKHU
'"HYRQLDQ WKH VWUDWLJUDSKLF SDUWLWWRQUOQVRDEBRG
WHUP IOXFWXDWLRQV LQ GUDLQDJH DQG R[LGIQIBQPIGCGFRQGLW
GHEULYVY IORZ FRQJORPHUDWHY DVVRFLDWHG ZL%HUID@QW N UHr
DO WKDW DUH PRUH FRPPRQ LQ HDUO\ /IRFKNRYLDQ E

SODQWHNOjIWD )RUPDWLRQ VWUDWD
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7KH WURSLFDO SDODHRODWLWXGH Rl WKH 6SLWWEHUJHQ 2°F
GHSRVLWLRQ DQG LW KDV SUHYLRXVO\ EHHQ RUWRBRVHG W|
FRPPRQ LQ FRQWHPSRUDQHRXV 256 VXFFHVVLRQYDYQGLFED\
PRQVRRQDO LQ QDWXUH 5HHG )XUWKHU FLUFRX®VWDQ
FDQ EH IRXQG LQ WKH K\GURG\QDPLF VLIQDWXUHV RI WKH |
DUH DVVRFLDWHG ZLWK ODUJH DQQXDO ZD®QXHYURIQRXIQFIDGE
SUHFLSLWDWLRQ SHDNV 30LQN %M|UNOXQG LDQMGLPHQ
VHDVRQDO GLVFKDUJH FDQ LQFOXGH WKH SDMHG HQWKDO ¢
VXSHUFULWLFDO IORZ FRQGLWLRQV KLJK RKDSRYH® PRG W D'
DEUXSW ODWHUDO DQG YHUWLFDO IDFLHV VIOIOWWLDQG/WQ O
HJ 30LQN %M|UNOXQG J)LHOGLQJ HW D®Q RI 7KHVFH
VXSHUFULWLFDO IORZ EHGIRUPV DUH FRPPREXWRURXJKRX\
ZLWKLQ 8SSHU 'HYRQLDQ VWUDWD GHSRVLWHG EGVZKLFK W

WR f6 7RUVYLN DQG &RFNV

7KH WURSLFDO VHWWLQJ DOVR OLNHO\ SOQ\BIGGG OUHR OIPEQ
8SSHU '"HYRQLDQ VWUDWD ,Q WKH PRGHUQ WURSLFV PRVW
\HDUV &ODUN HW DO EXW ZKLOH GHFD\ LV KLJK VR L
FDQ LQGXFH PDVV UHFUXLWPHQW IURP KLQWHUODQGV DQC
IURP VRXUFH WR VLQN +LOWRQ HW DO "RKO 7KH
7TRUGDOHQ )RUPDWLRQ )LJ FRXOG DWWHVW WROQLDORX HY
VFDOHV +RZHYHU ZRRG\ GHEULV VXSSO\ ZRXOG DOVR KDY
GLVWLQFWO\ '"HYRQLDQ HYROXWLRQDU\ WLV HI) BH VL @ K\DHN\WUJ

Rl SODQW SK\WLRORJ\ IRUHVW GHQVLW\ RU LQWHKODWFWLR C
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PD\ KDYH SOD\HG D UROH LQ LQGXFLQJ PDVV PRUWDOLW\ R

yLJ

THFWRQLFV

6HGLPHQWDU\ VLIQDWXUHV DWWULEXW D¥BHUWHHRQW2bBWIR/D IDF
ORZHU IUHTXHQF\ F\FOLFLW\ WR WKRVH DWRNUH EDXPASIDEHO HV W/|
DOOXYLDO IDQ DQG GHEULV IORZ LQWHUYDWUV FRKSROHWBGRU X
ZLWK SHUVLVWHQW QRQ PDULQH GRPLQDQFH RI WKH GHSR\
ORFDO VWULNH VOLS WHFWRQLFV UHO MWRHWGKW RZM\KW R Q WHL
UHJLRQ HJ OF&DQQ %YHUDQHN HW DO 7KH SUR]
DFFHQWXDWHG VRPH VLIQDWXUHYV WKDVWW HDWHD 9HYHW K AWK BQ

PXGURFN DEXQGDQFH

7KH SUHVHUYDWLRQ Rl VWDQGLQJ WUHHVQ Q' KHGLPHQWDU'
30DQWHNO{IWD )RUPDWLRQ )LJV K D W ISQUH M [RKSAD L FEEG]
LQWHUYDOV Rl UDSLG VXEVLGHQFH RU U HOLDALW I DAHDG OX-BYF
WKH UHFRJQLWLRQ WKDW EXULDO RI WKH WV WH\O 8 R VW KIDY

'LOLFKHOH DQG )DOFRQ /DQJ +RZHYHU UHFHQW F|
XQGHUVWDQGLQJ Rl KRZ WLPH LV SUHVHUYHG LQ@WKH URFN
WR LQYRNH H[FHSWLRQDOO\ UDSLG VXEVLGHEBMNVIWV DQ H[S
RXWFURS VFDOH H[SRVXUHV FDQ UHFRUG WIKWFIE ERFDOL]H
HITHFWLYHO\ LQVWDQWDQHRXV DJJUDGDWLRQ@ ZAMDKO@ XQG

5HHVLQN HW DO 3DROD HW DO 'DYLHV HW DOC
6XFK ORFDOL]HG UDSLG GHSRVLWLRQ UHFKVSHBHI®HEQ WOH |

GLVFKDUJH LV VHDVRQDOO\ YDULDEOH $0OO0OHXQ HW DO
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DQG VRPHWLPHV WKH VHGLPHQW WKDW EXULHY WUHH)\

WKH G\VR[LD DQR[LD QHFHVVDU\ IRU WKHLU SUHVHUYDWLR

7LPHOLQH RI '"HYRQLDQ %LRJHRPRUSKLF ,QQRYDWLRQV

7TKH DFFUXDO RI WKH 6SLWVEHUJHQ 256 ZDV FRYWWRERUDOQ
HYROXWLRQ ZKLFK LPSDUWHG QRYHO DOORJHQLF ¥VRQWURC
,Q )LIXUH WKHVH DUH VXPPDUL]HG ZLWK UHIKREBRFH WR
DV GHVFULEHG E\ WKH ELRJHRPRUSKLF VXFFHVVLRQ PRGHC
7KLY FRQFHSWXDO PRGHO ZDV GHYHORSHG WRRR[BODLQ VX
GLVWXUEDQFHYVY LQ DOOXYLDO VHWWLQJV &RUHMHGERQW HW
DQ HYROXWLRQDU\ WLPHVFDOH ZLWK UHVSHFW B®RL&&DUERQ

*LEOLQJ HW DO &RUHQEOLW HW DO 7KH GL)\
LOQGLFDWH WKDW DVSHFWV RI ELRIJHRPRUSKLF VXIFFHVVLRQ

WKDQ SUHYLRXVO\ UHSRUWHG

SUHVHQW GD\ ELRJHRPRUSKLF VXFFHVVLRQ EHIORR® ZLWK S
VXEVWUDWHY LQFUHPHQWDOO\ LQGXFLQJ IKHWBKEDWNY H J

HYHQWXDOO\ ELRORJLFDO JHRPRUSKLF SURFHEMHM GRHPGQL
LVODQGYV ZLWK VXFFHVVLRQDO IRUHVWY &RUHQEOLW HW I
ELRIJIHRPRUSKLF V\VWHPV FDQ H[SHULHQFH IEWIB@ 0 V¥ NR MURP
WKRXVDQGV RI \HDUV +HUH ZH VXPPDULVH KRRRIVWKK IHHGE
HDUOLHVW YDVFXODU SODQW FRPPXQLWLHWSHIMWIRYREXRNVLR

SODQW ELRIJHRPRUSKLF SURFHVVHYV DQG SURGXFHG QRYHO

6LOXULDQ DQG (DUO\ '"HYRQLDQ

6LOXULDQ VWUDWD RI WKH 6LNWHIMHOOHW * WRXCEWF R B DVIMQA. C

VWDWXUH ODQG SODQWYV ZHUH LQ H[LVWHQ@¥FH EXW RDR®\OL
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SXWDWLYH YHIHWDWLRQ LQIOXHQFH FDQ EH VHHQ LQ WKH |
YHIJHWDWLRQ DOOXYLXP 0XG FRXOG EH SURGXFHG DQG WU
FRPPRQ LQ SRVW 2UGRYLFLDQ DOOXYLXP OFODKRQ DQG 'DY
=HLFKQHU HW DO JOREDOO\ VRPH RRMRI RHWDIICR AN
PD\ KDYH EHHQ HQDFWHG YLFDULRXVO\ WKDRXJK WKLV FRK
+RZHYHU DV LQGLYLGXDOV WKH IORUD LQ WKH GHSRVLWL|
JRUPDWLRQ OLNHO\ UHVSRQGHG DQDORJRXVO\HUBD¥PDOO V
VWUHDP EHG VHWWLQJV VXIIHULQJ PRUWDOL®RWQG HQWU
K\GURG\QDPLF VWUHVV 6DQGHUFRFN DQG +RRNH D (GzZD
DUH VHHQ L Q fIpoR $thhigs@urihRtéeV\geomorphic’ stage of biogeomorphic

VXFFHVVLRQ &RUHQEOLW HW DO ,Q VXFK VH'
SURSDJXOHV EHJLQ WR FRORQL]JH IUHVK VXEBWWWPWHY EXW
HI[ISHULHQFHV IXUWKHU GLVWXUEDQFH EHIRKH WKH SODQW\
JHRPRUSKLF SKDVH SHUVLVWYV IRU D IHZ KRXUV WR D IHZ P
SHUVLVWHG LQGHILQLWHO\ GXULQJ WKH 6LOXUHDRIIZKH@ W
QHJOLJLEOH UHVLVWDQFH WR IORZ DQG FRORQL]DWLRQ ZF

LQWHUYDOV RU VSDWLDO SDWFKHV RI K\GURG\QDPLF TXLH)\

6LJQDWXUHV LQ WKH 5HG %D\ *URXS VKRZ WKDWV®\ WKH /R
IORZ DQG LQIOXHQFH VHGLPHQWDU\ SURFHN®HM WIKH UH

DWWHQGDQW DFFXPXODWLRQ RI ZHDWKHUHRH OB QGKUFRNDLQF
GHSRVLWYV LQ WKH OHVV IUHTXHQW O\ORRWGLSYAD 5 Q U VD) K | HPG
EDU WRSV )LJ 7KH VWDELOLW\ DIIRUGH G YROXKLR DR K \
LQQRYDWLRQV LQ SODQW KDELW HJ URRWLQJ @HDQW W
WR RSHUDWH ZLWKLQ WKH SLRQHHU VWDJH Rl ELRJHRPRUS

7KLV VWDJH FRXOG QRZ WDNH RYHU IURP WKH JHRPRU



PRQWKY SHUPLWWLQJWKH UHFUXLWPHQW R IVAWDMQIFEIOWRK H
SXUHO\ DELRWLF IRUFLQJ RI ODQGIRUPV (YLGHQW¥H IRU WK
WRSV OLNHO\ FROWRWYHHRDEIOKXP QG ,Q DGGLWLRQ WR Sk
WKH GHYHORSPHQW RI HYWDEOLVKHG YHJHWDWLRQ SDWFK
KHWHURJHQHLW\ FRPSDUDEOH PRGH URWYH@WIFKPH Q WHI DRI
DOORFKWKRQRXV IHFDO PDWHULDO /D U¥R\QW H U R QG OMKKPH
FRSUROLWHY DQG WUDFH IRVVLOV )LJ FBHPIRHB/WKBWHYV

HFRV\VWHPV WKDW ZHUH OLNHO\ HQJLQHHUHG E\ EDU WRS

,Q PRGHUQ VHWWLQJV FRPSOH[ IOXYLDO JHRPRUSKRORJ\ L
ELRGLYHUVLW\ *DUFLD HW DO DQG VR WKHGLYHUVLI
LQGXFHG E\ VPDOO VWDWXUH (DUO\ 'HYRQL RQ B3O D@QWV FD
IDXQDO WHUUHVWULDOL]DWLRQ +HWHURJBDQBLWH YR@WDIQY X
7KH 3UDJLDQ (PVLDQ :RRG %D\ )RUPDWLRQ FRQWBLIQY QRW
WKH 6SLWVEHUJHQ 256 H J )LJ EXW DOVR VRPH RI WKF
LQ WKH ZRUOG ORUULVVH\ HW DO *HQLQMHHWKD® EDU
WRSV KDG EHFRPH VHPL VWDEOH YHJHWDWHG SDWREKHV ZL\
JRUPDWLRQ DGGLWLRQDOO\ \LHOGY GLUHFW HWYWGEBQFH IRU
JLIXUH VKRZV URRWLQJ LQ IORRG GHSRVL®OGIB WOIPFELQJ
7KLV HYLGHQFH IRU SRVW IORRG FRORQL]DWLRQ KDV PRGH
UHSURGXFH DVH[XDOO\ ZKHQ SURSDJXOHV DUH MQWS RHG R
SUHIHUHQWLDOO\ UHOHDVH VSRUHV RU VHHBYQMD KH HQC
7KH :RRG %D\ )RUPDWLRQ SODQWVY FHUWDLQO\ SURRRWWG |
)L % DQG WKH DFFUXDO RI PXOWL \HDUFS§DEBBRMROV L
EHWZHHQ FUHYDVVH HYHQWYV )LJ 7KH LQIQKNQRH RI UF

IXUWKHU HPSKDVLVHG E\ WKH HDUOLHVW $ONBWIRMIH 9,66 L

[ls)
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KHUEDFHRXV SODQWYVY FRPSRVHG RI EDIIOHG YHGLPHQW DC
6XFK IRUPV DUH QHJOLJLEOH LQ VL]H EXWSKHS BR?HQW[IDWR I
RI WHUUHVWULDO VXEVWUDWHY WKDW ARKO®&8 KIRYXHGHG WF
WRSRJUDSKLHYVY FDQ DOWHU SDWWHUQV RIZIWRKXPKUDFHU |(
ZDWHU DQG HYDSRUDWLRQ DOO RI ZKLFK UHGLVWULEXWH

FRQGLWLRQV IRU KDELWDWLRQ HJ WHPSHUDYDXUHWWD ®RI[\

OLG DQG /DWH 'HYRQLDQ

:KLOH WKH OLGGOH '"HYRQLDQ LQWHUYDO ZLWQHVVHG PDMR
ELRIHRPRUSKLF UHFRUG LQ WKH 6SLWVEHUJBQLAX3®B LV SDU!'
LQIOXHQFH DQG WUDQVJUHVVLYH VKLIW WRZKOHILGV LAR B Y MWDK
WKDW WKH VHGLPHQWDU\ HQYLURQPHQWY RI DO QWKW OL G
7KH (LIHOLDQ *UH\ +RHN DQG :LMGH %D\ IRUPHD WKPQW FRQW
KDELWDWY DQDORJRXV WR PRGHUQ VDOW PDUVKHYV PD\ KDY
RI URRW VWUXFWXUHY KRVWHG ZLWKLQ GRQUNRUQDQLIFIXUHAR
"( 6DOW PDUVKHV DUH VRPH RI WKH PRV RQFPIHRQIW R FCRV S\KK
SUHVHQW GD\ HJ O0XGG HW DO EXW WKHUH DUH IHZ
IURP WKH URFN UHFRUG 3XWDWLYH 6LOXULBDWQORIYM® QFH)\
SDODHRVROV ZLWK PDULQH IRVVLOV S5HWD®DODEWY DQGEXYV
UHPDLQ VSHFXODWLYH 7KH HDUOLHVW W&BTXWU M RSADHON\DIF Gl
LQ DJH DQG DUH LGHQWLILHG E\ GDUN FRORXUHG PXGURFN

FRQWHQW FRPSDFWHG OHDI OLWWHU IRVVPQFURIRYWDQW |

681 (Ulicny and Spi¢akova, 1997). 7KH *UH\ +RHN DQG :LMGH %D\ H[DPSOHV

600 WKDW VPDOO VWDWXUH URRWHG YHJHW D WLIHRQWHRYXA R QA KHDGV

60fA WUDYHUVHG E\ FKDQQHOV H J )LJ DQG SRVMWDGOBWH WK

n
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(GZDUGV +RZHYHU ZKHWKHU WKH URRWHG KRUL]JRQV
RQ D WLGDO UK\WKP E\ WKH VHD UHPDLQV LRJQERQBOXYGY H

SDODHRQWRORJLFDO HYLGHQFH

$OWKRXJIK ODFNLQJ WKH GLYHUVLW)\ Rl VLRRIDWYKRIM VOHD[SX\F\
DQG GHOWDLF IDFLHV RI WKH OLGGOH "HYRQLDQ 256 GR VKI
ELRIJIHRPRUSKLF VXFFHVVLRQ KDG H[SDQGHG EFR\WW OHDVW
GLVWXUEDQFH SODQW FRPPXQLWLHV ZRXOG GHYHORS WKU|
RYHU WKH FRXUVH RI KRXUV WR PRQWKYVY EXW FRXOG QRZ ¢
7KH ELRIJHRPRUSKLF SKDVH LV FKDUDFWHUL]JHG\E\ ODQGIRL
VXFFHVVLRQV RI HVWDEOLVKHG YHIJHWDWLRQ ZKLFK FDQ S
DELRWLF DQG ELRWLF FRQWUROV RQ ORFDO JHRPRUSKROR.
WKH GHILQLWLYH DQG OLNHO\ 9,66 LQ WKH LMGH D@D QG
7KH OLNHO\ GULIWFUHWLRQV LQ WKH /RZMUGEHYPFRHE DRUG L
ODQGIRUP HOHPHQWYV WKDW ZHUH ZKROO\ FERRY MNUDXGINHG |
WKDW SDUWV RI WKH GHSRVLWLRQDO HQYLURQPHQW SURJL
ELRIHRPRUSKLF VXFFHVVLRQ PRGHO &RUHQEOLW HW DO
DXWRJHQLF YHIJHWDWLRQ VXFFHVVLRQVY DQG WWHHAWDELOL
EHFRPH GLVFRQQHFWHG IURP K\GURJHRPRUSKYFZEHUWXUETL
ELRWLF JHRPRUSKLF SURFHVVHY GRPLQDWH RYHU DELRWLF
LQWHUYDOV RI GHFDGHV WR FHQWXULHW XQBDL@QFHWV HIWJHEF
HYLGHQFH IRU DXWRJHQLF YHIJHWDWLRQ VXFFKHAWKIHRQV LV ¢
(VWKHULDKDXJHQ OHPEHU )LJ DQG WKH DEXKNGDQW OD!
WKDW SDUWV RI WKH VHGLPHQWDU\ HQYLURQPWOQ®WKPXVW K
I[URP KLJK ITUHTXHQF\ K\GURG\QDPLF GLVWXUED@WKH &RPEL

OLG 'HYRQLDQ ZDV D UHYROXWLRQDU\ LQWHUYBOZIKH K KH H
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DOO VWDJHV RIELRIJHRPRUSKLF VXFFHVVLRQ KDBGRE/MWFRPH ¢
WKH HDUOLHVW NQRZQ LQVWDQFHV RI VHYHUDWNELRJIJHRPRL

GULIWFUHWLRQV WKH HDUOLHVW FDQQHEWRDID O®W FXEPXDKL

/IDWH '"HYRQLDQ SODQW VHGLPHQW LQWHUDFWLRQYWHHFRUG
DSSDUHQW FRQWLQXDWLRQV RI OLG '"HYRQLDQ LQQRYDWLRC
8SURRWLQJ Rl WUHHV PD\ KDYH EHFRPH PRUH ARRWRQLQLJ>
PLFURKDELWDW GLYHUVLW\ DQG VHGLPHQW VXSSO\ 3KLOO
K\GURG\QDPLF 9,66 IURP WKH 30DQWHNO{IWSBURYPOMWLRQ
HYLGHQFH WKDW DUERUHVFHQW SODQWV ZH3HBER¥UWIRRPV
GHSHQGLQJ RQ IDFWRUV VXFK DV VWDQG GHQVUIWUHIOH[LEL
7KHVH LQWHUDFWLRQV ZRXOG KDYH IXUWRKWDDFFHQWXDWFH
FRQVHTXHQFHV Rl WRSRJUDSKLF FRPSOH[LWG LLQQ QRIQH P(DWIC

'"HYRQLDQ H J FRPSDUH )LJV DQG %

7KH '"HYRQLDQ VHGLPHQWDU\ UHFRUG DV DQ DUFKLYH |

ODQ\ RI WKH VLIQDWXUHYV LQ WKH 6SLWVEIKBKLFGSPIRFHQYGHV
DQG SURGXFWV VWLOO DFWLYH LQ PRGHUQ DQW ONRUIRKK V. ¥ H
WKH '"HYRQLDQ ORGHUQ REVHUYDWLRQV DWWHVW WR OLQN
KRZ WKH GHYHORSPHQW RI RQH ELRJHRPRUSKLF IHDWXUH F
KHWHURJHQHLW\ DQG RUJDQLVPV ZKLFK LQ WXUQ IHHGEDF
ELRIJIHRPRUSKLF SURFHVVY DQG IRUP 7KH VHEBERHOQOWDRQUBEHGH I
FKDLQV RI HYHQWYV LQ WKH IRUP RI YHIHWDWIOPWNW&HBHWQGH
ZKLFK SURYLGH OLPLWHG HYLGHQFH IRU KRZ '"HYRQLDQ OD¢

HVVHQWLDO FRPSRQHQWY LQ WKH PHFKDQLVWKE GRSWUDWLE

666 FRDUVHO\ UHVROYHG WKHVH VHGLPHQW MUAHWL R DB/OXOWHNY S
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LQIOXHQFHV RQ WKH FKDUDFWHU RI WKH WH/EHRHOW 2B VW |

SURYLGHV D IRUWXLWRXV QDWXUDO DUFKLYH RVKPFIDW) \DELRJ

FUXFLDO F P\ULQWHUYDO EHWZHHQ WKH /RFKNRYLDQ D

LQFUHPHQWDO RQVHW RI PDQ\ IDPLOLDUHS'ODQW HQJLQHHU

[ ]

&RQFOXVLRQV

7KH 20G 5HG 6DQGVWRQH RI QRUWKZHVW 6SLWVEHUJH(
FRORQL]HG VHGLPHQWDU\ HQYLURQPHQWYV WKDW OHIW
WKURXJK WR /DWH '"HYRQLDQ VWUDWD 7KH VXFFHVVLR(
VWXG\ IRU WUDFNLQJ WKH VHGLPHQWDU\ LPSDFWV RI H
'"HYRQLDQ

7KH 6SLWVEHUJHQ 256 FRQWDLQV WKH HDUOLHVW NQR:
VWUXFWXUHY LQ WKH JOREDO URFN UHFRUG DV ZHOO |
VWUXFWXUHVY ODUJH ZRRG\ GHEULV DQUG PDH& NW FB W
LQ WHUPV RI LWV YHIJHWDWLRQ LQIOXHQFHG MLJQDWXU
LQ SDODHRVROV DQG FRQWDLQLQJ DOOXYLDO VDQGER
6LIQDWXUHYV ZLWKLQ WKH VXFFHVVLRQ FDQ EH LQWHU S
PDQ\ ELRJHRPRUSKLF SKHQRPHQD LQFOXGLQJ WKH HD!
EDUV /RFKNRYLDQ SRVVLEOH VDOW PDQVKB®G(ERDLI
IRUPLQJ HQYLURQPHQWY *LYHWLDQ

7KH HIWHQVLYH ERWDQLF DQG ELRIJHRPRUSKLF LQQRYCL
the ‘Devonian landscape factory’ was instrumental in shaping sedimentary

HQYLURQPHQWY WKDW DUH IDPLOLDU DQG DQDORJRXV

$&.12:/('*(0(176



7KH GbDWD SUHVHQWHG KHUH ZDV SULPDULBUFROODORBBEWHG L
VXPPHU 7KH ILHOG VHDVRQ zZzDV VXSSRUWHG E\ D JU
*HRJUDSKLF *OREDO H [(XQURWBBIW ER (“Ré@&ructing the oldest
IRVVLO IRUHVWYV R IIbZ®R1GA 20V Xkl dHs¥asbnQuvab Stiffported by a grant to
&+: TURP 1DWLRQDO *HRJU'DS dikihs o&r8pical Begetation”). 7 K H

ILHOG VHDVRQ zZzDV PDGH SRVVLEOH E\ ORJLVWHFDO VXSE&
RlI KLV H[SHGLWLRQ YHVVHO WKH 06 )DUP )LHRG@ AR WNKHAD V
*RYHUQRU RI 6YDOEDUG DQG WKH ILHOG VHDVIRRQY KDG WKH
QXPEHUV 5,6 ,' DQG 5,6 ,°' 6XVDQ ODUULRWW DQG 6V

IRU WKHLU FRQVWUXFWLYH UHYLHZV RI WKLV PDQXVFULSW

5()(5(1&(6

$OJHR 7 - 6FKHFNOHU -6PPDULQH THHUQHHAVRMQUIHDFON LRQV LQ W
EHWZHHQ WKH HYROXWLRQ RI ODQG SODQWYV ZHDWKHULQJ

SKLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI

$OO0OHQ - 5/ 6HGLPHQWDU\ 6WUXFWXUWV 7(IONVIHY KHKD U
$PVWHUGDP SS
$OOHQ -3 DQG *DVWDOGR 5 % 6HGLPHQWRORJ\ DQG

'"HYRQLDQ SODQW EHDULQJ EHGV RI WKH 7URXW 9DOOH\ )RL
'LOLFKHOH : $ HGV "HWODQGYV 7TKURXJK 7LEHFEBBABORJLF

3DSHU Y S

$OOHQ -3 )LHOGLQJ & 5 *EOLQJ 05 DQG 5\JHO 0 &
WHFWRQLF DQG FOLPDWLF FRQWUROV |IURPHFRODQOVHRIRQ®W DO

&XPEHUODQG %DVLQ $WODQWLF &DQDGD -RXUQDO RI 6HGL



68 $OO0HQ . & /IRZHU DQG OLGGOH 'HYRQLDQ VSRUHV RI 1

601 3DODHRQWRORJ\ Y S

6671 $OO0OHQ . & 6SRUH DVVHPEODJHY DQG WKHLUDMAIDWL.

600 OLGGOH 'HYRQLDQ RI 1IRUWK DQG &HQWUDO 9HVWVSLWVEHL

66 $QGHUVRQ '6 DQG &URVV 7 % /IDUJH VFDWIHVB\FOH D

660 +tRUQHOHQ %DVLQ 'HYRQLDQ 1RUZD\ -RXUQDO RI 6HGLPH

666 $VWLQ 75 ODUVKDOO -($ %ORP + DQG %HUU\ & O
606 RI WKH /DWH '"HYRQLDQ (DVW *UHHQODQG WHWUDSRGV *HR

600 3XEOLFDWLRQV SS

o1 %DLOH\ 5 - %XULHG WUHHYV DQG EDVLQ WHFWRQLFV |

6fif %DVKIRUWK $5 &OHDO & - *LEOLQJ 05 )DOFRQ /DQJ
6t 3DOHRHFRORJ\ Rl HDUO\ 3HQQV\OYDQLDQ DILMFDEHRQ RQ
i 7\QHPRXWK &UHHN JRUPDWLRQ 1HZ %UXQVZLFN &DQDGD

66 SDO\QRORJ\ Y S

oA %HUDQHN /3 *HH '"* DQG )LVKHU & O '"HWVLWDO ]L

(@}

io RI 20G 5HG 6DQGVWRQH VWUDWD FRQVWUDLQ RMGKIHHFSLO XULL

66 DQG FUXVWDO HYROXWLRQ RI WKH 6YDOEDUG &DKOWGRQLGH

66 %HUJK 6 ' ODKHU +' DQG %YUDDWKHQ $ IDWH "HYRC
60 6SLWVEHUJHQ 6YDOEDUG DQG LPSOLFDWRIQWN KRG EDLVKP I

60i -RXUQDO RI WKH *HRORJLFDO 6RFLHW\ /RQGRQ Y S

00i Berry, CM., 2005, ‘Hyenia’vogtii +{HJ ITURP WKH OLGGOH 'HYRQLDQ RI 6SlI

601 PRUSKRORJ\ DQG V\VWHPDWLF SRVLWLRQ 5HYLHZ RI 3DODF

di
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%HUU\ & 0 DQG )DLURQ 'HPDUHW O $ UHLQYHVWLJIDW
SVHXGRVSRURFKHRRKUHUFGRAW VW oDQNY IURP WKH OLGGOH 'HY

,(QWHUQDWLRQDO -RXUQDO RI 30DQW 6FLHQFHV Y S

%HUU\ & 0 DQG )DLURQ 'HPDUHW 0 7KH OLGGOH 'HYR
,Q 30DQWV LQYDGH WKH ODQG HYROXWLRQDU\ DQG HQ"

8QLYHUVLW\ 3UHVV 1HZ <RUN

%HUU\ & 0 DQG )DLURQ 'HPDUHW GVHXGRAKSRDRFKDRW W FQ\RX

IHFOHUFT HW %DQNV D OLGGOH 'HYRQLDQ F@D®@ RRVORGINQ R

3ODQW 6FLHQFHV Y S

%HUU\ & 0 DQG ODUVKDOO - ( $ I\FRSVLG IRUHVWYV L
SDOHRHTXDWRULDO J]RQH RI 6YDOEDUG *HRORJ\ Y S
%ORPHLHU ' :LVVKDN O -RDFKLPVNL O )UHLZDOG $ 9

&DOFDUHRXV DOOXYLDO DQG ODFXVWULQH GHKSRVLWYV LQ V
6SLWVEHUJHQ :RRG %D\ )RUPDWLRQ (DUO\ '"HYRQLDQ 1R

S

%ORPHLHU ' :LVVKDN O 'DOOPDQQ : O9RORKRQVN\ ( )
DQDO\VLV RI WKH 20G 5HG 6DQGVWRQH RI 6SLWRBHRIJHQ :I

WKH GHSRVLWLRQDO HQYLURQPHQWY DQG LPSOLFDWLRQV |

%OXPHQEHUJ 0 :HQLJHU 3 . XV - G6FKHHGHU * 3LHSMF
*HRFKHPLVWU\ RI D PLGGOH '"HYRQLDQ FDQQKO FRDO O

&DUERQLIHURXV FRDOV IURP 6YDOEDUG $UNWRV Y KWW
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%R\FH & . DQG /HH - ( 30DQW (YROXWLRQOBIYG &OLP

$QQXDO 5HYLHZ RI (DUWK DQG 30DQHWDU\ 6FLHQFHV Y

%ULGJHVY 3 + DQG /HHGHU 0 5 6HGLPHQWDW\ PRGHO

ZLWK H[DPSOHV IURP WKH 6ROZD\ )LUWK 6FRWODQG O6HGLI

&KDQQLQJ $ DQG (GzZDUGV ' <HOORZVWRQH KRW VSU
HFRSK\WVLRORJ\ RI 5K\QLH FKHUW SODQWYV WRHADVGW\D W\Q\

S —

&ODUN ' % &ODUN '$ %BURZQ 6 2EHUKDXHU 6 ) O9HOG

RI FRDUVH ZRRG\ GHEULY DFURVYV D WURSLFBQW D)RUHRWHYV
(FRORJ\ ODQDJHPHQW Y S
&RUHQEOLW ' 7DEDFFKL ( 6WHLJHU - DQG *XUQHOO %

DGMXVWPHQWY EHWZHHQ IOXYLDO ODQGIRUP\D UHE LYHHO HW L

RI FRPSOHPHQWDU\ DSSURDFKHYVY (DUWK 6FLHQFH 5HYLHZV

&RUHQEOLW ' 'DYLHV 16 O6WHLJHU - *LEOLQJ 05 DQC
ULYHU VWUXFWXUH DQG VWDELOLW\ LQ W KIHQOYH KMWRIWHYRRX

DQRG K\GURJHRPRUSKRORJ\ (DUWK 6XUIDFH 3URFHVVHV DQ((

&RUHQEOLW ' 9DXWLHU ) *RQJ]JiOH] ( DQG 6WHLJHU -
YHIHWDWHG IOXYLDO ODQGIRUPV IROORZ WKH ELRJHRPRUS

FKDQQHOL]J]HG ULYHU (DUWK 6XUIDFH 3URFHVVHV DQG /DQC

Dahl, T.W. and Arens, S., 2020, The impacts of land plant evolution on Earth’s climate and

RI\JHQDWLER®Q VMV WPWHGLVFLSOLQDU\ UHYLHZ &KHPLFDO *HR

o1
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'‘DOOPDQQ : . SLHSMRKQ . DQG %ORPHLHU ' *HROR
&HQWUDO 6SLWVEHUJHQ 6YDOEDUG ZLWK JWRORWMW- 8 PH{B I

VFDOH VKHHW

'DYLGVRQ 6/ ODF.HQ]JLH /* DQG (DWRQ % & /IDUJH

IRUPDWLRQ LQ D VHULHV RI IOXPH H[SHULPHQWY :DWHU 5H

'‘DYLHV 16 7XUQHU 3 DQG 6DQVRP , - D $ UHYLVHG

*URXS 8SSHU 6LOXULDQ 2VOR 5HJLRQ 1RUZHJLDQ -RXUQI

'DYLHV 16 7XUQHU 3 DQG 6DQVRP , - E &DOHGROQLC

6DQGVWRQH IOXYLDO V\VWHPV RI WKH 2VOR 5HJLRQ 1RUZD

‘DYLHV 16 *LEOLQJ 05 D &DPEULDQ WR '"HYRQLDQ H

VHGLPHQWRORJLFDO LPSDFW RI WKH HDWOLYHVW ®DQG SOD

'‘DYLHV 1 6 DQG *LEOLQJ 0 5 E 3DOHR]RLF YHIJHWDWL
IOXYLDO ODWHUDO DFFUHWLRQ VHWYV *HRORJ\ Y S
'‘DYLHV 1 6 DQG *LEOLQJ 0 5 (YROXWLRQ RI IL[THG FK

WR &DUERQLIHURXYV YHIJHWDWLRQ 1DWXUH *HRVFLHQFH Y

'DYLHV 16 DQG *LEOLQJ 05 7KH VHGLPHQWDU\ UHFI
FRQWLQXLQJ LQIOXHQFH RI ODQG SODQW HYROXWNRQ RQ D

(DUWK 6FLHQFH 5HYLHZV Y S

'‘DYLHV 1 6 DQG 6KLOOLWR $ 3 ,QFRPSOHWH EXW LQ\
SUHVHUYDWLRQ RI WUXH VXEVWUDWHY HROCRWLPH GHILFLH

SS

oi



iifi 'DYLHV 16 DQG OFODKRQ : - /IDQG SODQW HYROXWLR

iiti &KHPLFDO *HRORJ\ S
fi't 'DYLHV 1 6 *LEOLQJ 05 OFODKRQ :- 6ODWHU % - [/RC
it %HUU\ & 0 )DOFRQ /DQJ + - *XSWD 6 5\JHO 0 & DQG :

176 "Discussion on ‘Tectonic and environmental controls on Palaeozoic fluvial environments:

ii7TA reassessing the impacts of early land plants on sedimentation’Journal of the Geological

fiito 6RFLHW\ /RQGRQ KWWSV GRL RUJ MJV -RX U
i1ié S
fit6 'DYLHV 16 6KLOOLWR $3 DQG OFODKRQ : - KHUH

iitd WKH FKURQRVWUDWLJUDSKLF ILGHOLW\ RLRHGQRHPHQWDU\ Jt
fiogi 3OHLVWRFHQH 5HG &UDJ )RUPDWLRQ HDVWHULAIWQJI®DQG -

iioi S

fiot 'DYLHV 1 6 6KLOOLWR $3 6ODWHU % - J/LX $* DQG O
ii01 synchrony of Earth’s biosphere and sedimentary VWUDWLJUDSKLF UHFRUG (DUW

iitoe Y S

iiogd 'LOLFKHOH : $ DQEGHYDIHRnsylvanian ‘fossil forests' in growth

itoo SRVLWLRQ 7 DVVHPEODJHV RULJLQ WDSKRORPULEDEKL RV D

{166 WKH *HRORJLFDO BRFLHW\ Y S

186 'XUDQG 0 3HUPLDQ WR 7ULDVVLF FRQWLQHQWDO VXFI
{136 )JUDQFH DQ RYHUYLHZ %ROO B6RF *HRO ,WDO Ss
iifi (GZDUGV ' &KHUQV / DQG 5DYHQ - $ &RXOG ODQG

iini HFRV\VWHPV KDYH ELRHQJLQHHUHG WKHRSOMDROHRV\LY PLG S31
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JLHOGLQJ & 5 $OH[DQGHU - DQG 1HZPDQ 6XWKHUODQG (
DUERUHVFHQW YHIJHWDWLRQ DQG IOXYLDO EDU FRQVWUXFYV

AXHHQVODQG $XVvwubDOLD 3DODHRJHRJUDSK\ 3D®DHRFOLI

JLHOGLQJ & 5 $OH[DQGHU - DQG $0O0OHQ -3 KH 7KH UR

IRUPDWLRQ DQG SUHVHUYDWLRQ RI DOOXYLDO VHGLPHQW E

JULHQG 3 ) 7KH '"HYRQLDQ VWUDWLJUDSK\ RI QRUWK D

SURFHHGLQJV RI WKH <RUNVKLUH *HRORJLFDO 6RFLHW\ Y

JULHQG 3 ) JOXYLDWLOH VHGLPHQWDU\ VWWBRAFWXUHYV
6SLWVEHUJHQ 6HGLPHQWRORJ\ Y S
JULHQG 3 ) DQG ORRG\ 6WXDUW O &DUERQDWH GHSR

'RRG %D\ )RUPDWLRQ 'HYRQLDQ RI 6SLWVEHUJHQ *HRORJ

JULHQG 3 ) DQG ORRG\ 6WXDUW 0 BHGLPHQWDWLRQ |
'HYRQLDQ RI 6SLWVEHUJHQ 5HJLRQDO D/QNDIRQDW RY \DWQ BV

6NULIWHU Y S

JULHQG 3 ) :LOOLDPV % 3 - )RUG 0 :LOOLDPV ( $
RI 20G 5HG 6DQGVWRQH EDVLQV ,Q )ULHQG :LOOLDPV %

5HG 6DQGVWRQH *HRORJLFDO 6RFLHW\ /RQGRQ 6SHFLDO

JULHQG 3 ) +DUODQG : % 5RJHUV '$ 6QDSH / DQG 7K
6LOXULDQ DQG (DUO\ 'HYRQLDQ VWUDWLJUQ SXR (DWQKZ B V REID

6SLWVEHUJHQ *HRORJLFDO ODJD]JLQH Y S

*DUFLD ;) 6FKQDXGHU , DQG 3XVFK 0 7 &RPSOH[ K

FDQ VXSSRUW EHQWKLF LQYHUWHEUDWH GLYHUVLW\ LQ UL\

df



*DVWDOGR 5% DQG 'HJJHV & : 6HGLPHQWRORJ\ DQG

ORJMDP ,QWHUQDWLRQDO -RXUQDO RI &RDO *HRORJ\ Y

*DVWDOGR 5% DQG 'HPNR 7 0 7TKH UHODWLRQVKLS E
HYROXWLRQ DQG WKH SODQW IRVVLO UHFRUG ORQJ WHUP

7TDSKRQRP\ SS 6SULQJHU 'RUGUHFKW

*DVWDOGR 5% 3IHIIHUNRUQ + : DQG 'LOLFKHOH : %
sedimentologic characterization of ‘roof shale’ floras ,Q /\RQV 3 :DIJQHU 5 + 0
( HGV +LVWRULFDO 3HUVSHFWLYH RI (DDOHRERQWOHWR &

1RUWK $PHULFD *HRORJLFDO 6RFLHW\-RI $PHULFD OHPRLU

*HQLVH -) %HGDWRX ( %HOORVL (6 6DUJHWWL / & €
7KH 3KDQHUR]JRLF )RXU 5HYROXWLRQV DQG (YROXWLRQ
/'$ DQG 0iQJDQR 0 * HGV 7KH 7UDFH )RVVLO 5HFRUG RI

9ROXPH 'RUGUHFKW 1HWKHUODQGV 6SULQJHU S

*HUULHQQH 3 *HQVHO 3 * 6WUXOOX 'HUULMQAD&RQLDW&GH:?

$ VLPSOH W\SH RI ZRRG LQ WZR (DUO\ '"HYRQLDQ SODQYV

*LEOLQJ 05 %DVKIRUWK $5 )DOFRQ /DQJ + - $0OO0OHQ
/IRIMDPV DQG IORRG VHGLPHQW EXLOGXS FDXVHG FKDQQHO

SHQQV\OYDQLDQ RI $SWODQWLF &DQDGD -RXUQDO RI 6HGLP

*LEOLQJ 05 'DYLHV 16 )DOFRQ /DQJ + - %DVKIRUWK
0 & DQG ,HOSL % S3DODHR]JRLF FR HYROXWRRQ RI ULYl

FXUUHQW NQRZOHGJH 3URFHHGLQJV RI WKH *HRORJLVWYV

*LEOLQJ 05 DQG 'DYLHV 1 6 SDODHR]RLF ODQGVFDS

IDWXUH *HRVFLHQFH Y S
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*LHVHQ 3 DQG %HUU\ & O SHFRQVWU&DP WD RRSKQW RXY |
S3VHXGRVSRURFKQDOHV &ODGR[\ORSVLGD EDWRB RQ H[FH

ILQGODU *HUPDQ\ OLG 'HYRQLDQ ,(QWHUQDWLRQDO -RXUC

*MHOVYLN 7 DQG ,0\HV 5 'LVWULEXWLRQURIN/DWH 6L
JUHHQ VDQGVWRQHV LQ WKH /LHIGHIMRUGUHHV#HBRBRNKMRUGHC

S

*XOEUDQVRQ (/ &RUQDPXVLQL * 5\EHUJ 3 ( DQG &RUW
ZRRG\ GHEULYVY LQIOXHQFH DQFLHQW ULYHUV" "HQGURFKURC

7ULDVVLF $QWDUFWLFD 3DODHRJHRJUIDSK\ 3DGDHRFOLPD

*XUQHOO $ 0 3LpJD\ + 6ZDQVRQ ) - DQG *UHJRU\ 6 9

SURFHVVHV )J)UHVKZDWHU %LRORJ\ Y S

*XUQHOO $ 0 'RRG VWRUDJH DQG PRELOLW\ $PHULFDC
S —

*XUQHOO $ 30DQWYV DV ULYHU V\VWHP/BQGURHRVYV (LC

Y S

+DUODQG : % 3LFNWRQ & $* :ULJKW 1 -5 &UR[WRQ &

+HQGHUVRQ : * 6RPH FRDO EHDULQJ VWUDRWDHIQ 6YD{(

Y S

+DUODQG : % 1IRUWKZHVWHUQ 6SLWVEHUJHQ *HRORJ
S

+DUPRQ 0 ( )UDQNOLQ -) 6ZDQVRQ ) - BROOLQV 3 *L

$QGHUVRQ 1 + &OLQH 6 3 $XPHQ 1 * 6HGHOO -5 J/LH

00
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DQG &XPPLQV . : (FRORJ\ RI FRDUVH ZRRG\ GHEULV L

$GYDQFHV LQ (FRORJLFDO 5HVHDUFK Y S
+HWKHULQJWRQ $ - 'RODQ / BWHSZLVH DQG LQGHSH
SODQWYV 1DWXUH Y S

+LOOLHU 5 ' (GzZDUGV ' DQG ORUULVVH\ [/ % LQJ6HGLPI
VWUXFWXUHY LQ WKH (DUO\ '"HYRQLDQ $QJOR WHOVK %DVLQ

SURGXFHUV 3DODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DO

+LOWRQ 5 * *DO\ $ +RYLXV 1 &KHQ 0 & +RUQJ 0 - &
F\FORQH GULYHQ HURVLRQ RI WKH WHUUHVWWH@FHEYRVSKH

S —

+ROEURRN - DQG OLDOO $° 7LPH LQ WKH URFN D ILI

DQG SURFHVVHYV IURP D IUDJPHQWD QFHMLOHYFILEDDVWLF DY F

+ROWHGDKO 2 2Q WKH 20G 5HG 6DQGVWRQH 6HULHV RI
,QWHUQDWLRQDO *HRORJLFDO &RQJUHVYV WK VHVVLRQ S

*HRORJLFDO &RQJUHVYV

+RUWRQ $ - &RQVWDQWLQH -$ +DOHV 7 & *RRVVHQV

ORGLILFDWLRQ RI ULYHU PHDQGHULQJ E\ WURSLFDO GH

+iHJ 2 $ 7KH 'RZQWRQLDQ DQG 'HYRQLDQ IORUD RI 6SI

,VKDYVXQGHUYV |NH O VNodvay'N $41badd kind Arctic Dveth Rurvey.

"-RQHV & * [/DZWRQ -+ DQG 6KDFKDN 0 2UJDQLVPV

(FRV\VWHP PDQDJHPHQW SS 6SULQJHU 1HZ <RUN I
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.HQGDOO 5 6 7KH 20G 5HG 6DQGDWRQHHZ % URWIDH G LE

RI WKH *HRORJLVWYVY $VVRFLDWLRQ Y S
.HQULFN 3 DQG 6WUXOOX "HUULHQ & 7KH RULJLQ DQ
SK\WLRORJ\ Y S

.OHLQKDQV 0 * GH 9ULHV % %UDDW / DQG YDQ 2RUVFK

0XGG\ DQG YHIJHWDWHG IORRGSODLQ HIITHFWW KR QXIODOYLD O

SURFHVVHY DQG ODQGIRUPV Y S
.UDPHU 1 DQG :RKO ( '"ULIWFUHWLRQV 7KH OHJDF\ L
PRUSKRORJ\ *HRSK\VLFDO 5HVHDUFK /HWWHUV Y S

IDLQJ % $ %XDWRLV [/ $ O0iQJDQR 0 * 1DUERQQH * O C
*\UROUWRPWKH (GLDFDUDQ &DPEULDQ ERXQGDU\ VHFWLRQ

&DQDGD ([SORULQJ WKH RQVHW RI FRPSOH[ BOPDWRZOQARJI\ 3C

SDODHRHFRORJ\ Y S

IDUVHQ [ * OXOWLVFDOH IORZ YHIJHWDWMRQ VHGLPHQ
ODQRGVFDSHV *HRPRUSKRORJ\ Y S

ODQE\ * 0 DQG /\EHULV 1 THFWRQLF HYROXWLRQ RI WI
6YDOEDUG 1RUVN *HRORJLVN 7LGVVNULIW Y S
ODUVKDOO - (% DQG 6WHSKHQVRQ % - 6HGLPHQWRO

WKH '"HYRQLDQ RI (DVW *UHHQODQG 6HGLPHQWRORJ\

ODUVKDOO - ($ 7HO QRYD 2 3 DQG %HUU\ & O '"HYR
FRDOV DQG WKH HYROXWLRQ RI ZHWODQGV %XOOHWLQ RI

6FLHQWLILF &HQWHU RI WKH 8UDO %UDQKK RI SYKH 5XVVLDC
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ODWVXQDJD .. DQG 7RPHVEFEX $ O SRRW HYROXWLRQ

FODGH LQVLJKWYVY IURP DQ (DUO\ '"HYRQLDQ O\FRSK\WH $Q

OF&DQQ $ - '"HIRUPDWLRQ RI WKH 20G 5HG 6DQGVWRQ
(OOHVPHULDQ DQG &DOHGRQLDQ RURJHQLHVHZQ 3 ) )ULHQ
SHUVSHFWLYHVY RQ WKH 20G 5HG 6DQGVWRQH *HR@WRYLFDO

S

OFODKRQ : - 'DYLHV 1 6 D 7KH VKRUWDJH RRQPHRORIJL

PHDQGHULQJ ULYHUV ,Q *KLQDVVL 0 HW BD®LPHEWDUYOXY

SURGXFWYVY LQ WKH 5RFN 5 HFRUG ,QWHUQDWLRQDO $VVRFL
SXEOLFDWLRQV 9RO :LOH\ S

OFODKRQ : - 'DYLHV 1 6 E (YROXWLRQ RI DOOXYLDO [
SODQWYV G6FLHQFH Y S

OLDOO $° S$UFKLWHFWXUDO HOHPHQWD/QDV OO SEOLBE®
IOXYLDO GHSRVLWV (DUWK 6FLHQFH 5HYLHZV Y S
OLDOO $° 8 S G D W LsrJstodtigradhiy &$ Rikt ¥\&E) &f EffoAQnL

accidents’. Geological Society, London, Special Publications, Y S

OLQWHU 1 - %XDWRLV [ $ OiIQJDQR 0 * 'DYLHV 1 6 *LE
& 7KH HVWDEOLVKPHQW RI FRQWLQHQWDO HFRV\VWHPF
HGV 7KH 7UDFH )RVVLO 5HFRUG RI ODMRU (YROXWLRQDU\ |

IHWKHUODQGYV -6SULQJHU S

OLWFKHOO 5/ &XDGURV - 'XEFENHWW - * 3UHVVHO 6 Ol
(GJHFRPEH *' DQG .HQULFN 3 OLQHUDO ZHDWKHULQ

HDUOLHVW ODQG SODQW HFRV\WWHPV *HRORJ\ Y S



OLWFKHOO 5/ 6WUXOOX 'HUULHQ & DQG .HQWKMHULZJ
LQ PRGHUQ FU\SWRJDPLF JURXQG FRYHUV DQGRWKWHH DUO\

*HRORJLFDO 6RFLHW\ SS

ORRG\ 6WXDUW O +LJK DQG ORZ VLQXRVLWKHWWUHDP C

'"HYRQLDQ RI 6SLWVEHUJHQ -RXUQDO RI 6HGLPHQWDU\ 5HV

ORUULY -/ [/HDNH -5 G6WHLQ :( %HUU\ & 0 RIDUVKDO
-$% +LOOLHU 6 ODQQROLQL ) 4XLUN - DQG %HHUOLQJ
WUHHV DV JHR HQJLQHHUV RI SDVWDAHREPPOWMHY\ DIQIEN HRIHID

JHRELRORJ\ 3DODHRQWRORJ\ Y S

ORUULVVH\ / % +LOOLHU 5 ' DQG ODUULRWHW R&X %D Q /D
WHUUHVWULDOLVDWLRQ ,FKQRORJLFDEQK)WRIIWWHN $QRB RN K

:HOVK %DVLQ 8. 3DODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\

0XGG 6 0 '$OSDRV $ DQG ORUULV -7 +RZ GRHV YH
RQ WLGDO PDUVKHV" QYHVWLJDWLQJ SDWWOQFBIR BRI WHEDJHC

PHGLDWHG VHGLPHQWDWLRQ -RXUQDO RI *HRSK\VLFDO 5H\

OXBWLG DQG ORNLQ -, 6WUDWLJIJUDSKLF VXEGLYLVLRCQ

6SLWVEHUJHQ 1RUVN 3RODULQVWLWXWW 6NULIWHU Y S

1DND\DPD . )LHOGLQJ & 5 DQG $OH[DQGHU - 9DULL
SUHVHUYDWLRQ SRWHQWLDO RI YHIHWDWLR@JIHQGXFHG RE\

%XUGHNLQ 5LYHU RI QRUWK 4XHHQVODQG $XVWUDOLD 6HC

1HIl -/ +DJDGRUQ - : 6XQGHUOLQ ' DQG :LOOLDPV & -
DUFKLWHFWXUH DQG FKHPRVWUDWLJUDF$SKJIRFIHMARQWLQHQ'

VXFFHVYT¥KIR@KLFNDORRQ )RUPDWLRQ $ODVND 6HGLPHQWD!



1HZPDQ O - %XUURZ & - DQG GHQ %ODDXZHQ -/ $
LVFKQDFDQWKLIRUP DFDQWKRGLDQ IURP WKHLIRHWLDQ RI

-RXUQDO RI *HRORJ\ Y S

1RUGHQVNL|OG * 5HGRJ|UHOVH I|U GHQ VYHQVND H[S

%LKDQJ WLOO . 6YHQVND YHW DNDG +DQGOLQJDU Y

S3DROD & ORKULJ ' 5XQNHO $ & DQG 6WUDXE . O
FRQWUROV RQ WKH SUHVHUYDWLRQ DQG PHDVXUBRBQW RI

3ODQHWDU\ 6FLHQFHV Y S

3DZOLN / 3KLOOLSV -' DQG 6DPRQLO 3 SRRWV UR
ELRFKHPLFDO ZHDWKHULQJ E\ WUHS$ V¥ WDLONGL EIVY Q B 9/BIFW VR XL

(DUWK 6FLHQFH 5HYLHZV Y S

Pawlik, L.., Buma, B., Samonil, P., Kvacek, J., Galazka, A., Kohout, P. and Malik, 1., 2
,PSDFW RI WUHHY DQG IRUHVWY RQ WKH '"HYR®LDQ ODQGVF
LPSOLFDWLRQV WR WKH JOREDO (DUWKDW WW WHHFH B R SSHHUYW

Y S

Phillips, J.D., Samonil, P., Pawlik, L., Trochta, J. and Dan&k, P., 2017. Domination of

KLOOVORSH GHQXGDWLRQ E\ WUHH XSURRWLQJ LQ DQ ROG

SLHSMRKQ . 7KH 6YDOEDUGLDQ (OOHVPHULDQ GHIRUP
WKH SUH '"HYRQLDQ EDVHPHQW LQ 1: 6SLWVEHUIH@P¥YDOEI
HGV 1HZ SHUVSHFWLYHVY RQ WKH 20G 5HG 6DQGOVWRQH *

SXEOLFDWLRQV Y S

ld
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SLHSMRKQ . DQG 'DOOPDQQ : . 6WUDWLJUDSK\ RI WK

6YDOEDUG OLPHUGDOHQ 6XEJURXS 3RODU 5HVHDUFK Y

SOLQN %M|UNOXQG 3 ORUSKRG\QDPLFV RI ULYHUV VW

SUHFLSLWDWLRQ UHYLHZ RI GHSRVLWLRQ@BG®ORM\OK DQG IR

S
S3RROH * & 2 'DQLHO 6 - -RQHV ./ :RHVVQHU : : %HU
6WDQIRUG - $ %WRHU % 5 %HHFKLH 7 - +\GURORJLF

LQWHUDFWLYH IORZ SDWKV LQ VWUHDP HRRW\WYWHPV 5LYHL

S -
SHHG : ( *HQHVLVY RI FDOFUHWHY LQ WKH "HYRQLDQ :F
6HGLPHQWDU\ *HRORJ\ Y S

5HHVLQN $ - + 9DQ GHQ %HUJ -+ 3DUVRQV '5 $PVOHU
2UIHR 2 DQG 6]XSLDQ\ 5 1 (IWUHPHV LQ GXQH SUHVF

FRPSOHWHQHVV RI IOXYLDO GHSRVLWYVY (DUWK 6FLHQFH 5H

5HHVLQN $ -+ 'DUE\ 6 ( 6HDU "$ /H\ODQG - ORUJDQ
%UDVLQIJWRQ - OHDQ IORZ DQG WXUEXOHQFH VWUXFW

IORRGSODLQ ,QVLIJKWYV IURP D FRQWUROOHG ODERUDWRU\

SHWDOODFN * - 6RLOV RI WKH SDVW DQ LQWURGXFWI

BRQV

5\JHO 0 & *LEOLQJ 05 DQG &DOGAHUG XFHG VHGALHHOIWMWDWL
VWUXFWXUHV IURP IRVVLO IRUHVWYV LQ WKHRIWHL@DQV\OYDQLEL

6HGLPHQWRORJ\ Y S



6DQGHUFRFN 3 - DQG +RRNH -0 $VVHVVPHQW RI YHJ
RI IHHGEDFNV RQ SODQW VXUYLYDO DQG JRQDWLRQ LQ HSK

$Q QWHUQDWLRQDO -RXUQDO Y S

6FKHLKLQJ 0 + DQG 3IHIIHUNRUQ + : 7KH WDSKRQRP'
'HOWD D PRGHO IRU WKH LQFRUSRUDWLR® RDSER QM FSWRIXN

DJH Rl (XUDPHULFD 5HYLHZ RI 3DODHRERWDQ\ DQG 3DO\QR

6FKO|PHU 2 +HUJHW - DQG (XOHU 7 WRXQGDU\ FRC
PDUN IRYUPDDNWPIHZRUN I URP D JHRVFLHQWLILF SHUMSHFWLYH

IDQGIRUPV Y S

6FKQDXGHU , DQG ORJJULGJH + / O9HIHWDWLRQ DQG

LOWHUDFWLRQV DW WKH LQGLYLGXDO SODQW SDWFK DQG

6FKZHLW]HU + - B3IODQJHQUHVWH DXV GHP '"HYRQ 1RUC
SDODHRQWRJUDSKLFD $EWHLOXQJ % Y S
6FKZHLW]HU + - 'LH '"HYRQIORUHQ 6SLW]EHWDH)@GY 3DO

6WXWWJIJDUW 6FKZHLJ]HUEDUW 6FLHQFH 3XEOLVKHUYV

6KHOGRQ 1° 'R UHG EHGV LQGLFDWH SDOHRFOLPDWL

SDODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\

6KLOOLWR $ 3 DQG 'DYLHV 1 6 $UFKHW\SDOB\ 6LOXU
JRUPDWLRQ 6FRWODQG LPSOLFDWLRQV IRU WKM P\ULDSRG

)DXOW PRYHPHQW 3URFHHGLQJV RI WKH *HRORJLVWYV $VVI



6PDOO 7 : 7KH *RRGOHWW '"HQQ\ PRXQG D JOLPSVH D
WUHHWKURZ PRXQG HYROXWLRQ ZLWK LPSOLFDWLRQV IRU |

S

6SLFHU 5 % DQG :ROIH - $ 30DQW WDSKRQRP\ RI ODV

&ODLU (QJOH /DNH QRUWKHUQ &DOLIRUQLD 3DOHRELROR

BWHLQ : ( %HUU\ & 0 +HUQLFN /9 DQG ODQQROLQL )

FRPPXQLW\ GLVFRYHUHG LQ WKH PLG '"HYRQLDQ IRVVLO IRU

6WHLQ : ( %HUU\ & 0 ORUULV -/ +HUQLFN /9 O0ODQQR
/IDQGLQJ ( ODUVKDOO - ( :HOOPDQ & + %HHUOLQJ ' -
'"HYRQLDQ $UFKDHRSWHULYVY URRWY VLJQ DOl RUNRWXYWERQDH

%LRORJ\ Y S

6WUXOOX '"HUULHQ & .HQULFN 3 7DIIRUHDX 3 $RFKDUC

IDUGHX[ + DQG %DGHO ( 7KH HDUOLHVW ZRRG DQG L
LQ F PLOOLRQ \HDU ROG IRVVLOV XVLQJ V\R¥XKQOR® RRQ |
WKH /LQQHDQ 6RFLHW\ Y S

6XOO0OLYDQ 3/ 3ULFH 50 5RVV 06 6WRIIHOOD 6/ 6D
'"UHVFKHO 7 : DQG 6NODU ) + 7TUHHVY D SRZHUIXO JHI

ODQGVFDSH HYROXWLRQ RI D VXEWURSLFDO ZHWODQG %LF

7TRUVYLN 7 + DQG &RFNV /50 (DUWK KLVWRU\ DQG S

8QLYHUVLW\ 3UHVYV

7UPSHU 6 *DLW]VFK % 6FKQHLGHU - : (KOLQJ % & .(
IDWH 3DODHR]RLF UHG EHGV HOXFLGDINH FRKRA\DOHEU E K LM

VHDVRQDO WURSLFV RI FHQWUDO 3DQJDHD 6HGLPHQWROR.

=1
=1
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Uli¢ny, D. and Spi¢akova, L., 1997, Response to high frequency sea OHYHO FKDQJH LQ D |
WR HVWXDULQH VXFFHVVLRQ &HQRPDQLDQ@PNVORHRY DOOH\
+RZHOO - $ DQG $LWNHQ -) HGV +LJK 5HVROXMELRQ 6H°

$SSOLFDWLRQV *HRORJLFDO 6RFLHW\ RI /RQGRQ 6SHFLDO

9LJUDQ - 2 6SRUHV IURP '"HYRQLDQ GHSRVLWV OLPHU

SRODULQVWLWXWW 6NULIWHU Y S

9RJIW 7 *HRORJ\ RI D OLGGOH '"HYRQLDQ FDQQHO FRDO

*HRORJLVN 7LGVMNULIW Y S

9RORKRQVN\ ( ':LVVKDN 0 %ORPHLHU ' 6HLODFKHU $
KHOLFDO WUDFH IRVVLO IURP WKH /RZHU "WYRQLDQ RI 6SLW
SDODHRHQYLURQPHQWDO VLJQLILFDQFH DPDHRBIFROHRRJUDSK

S

:LVVKDN 0 9RORKRQVN\ ( 6HLODFKHU $ DQG )UHLZDOG
DVVHPEODJH IURP IOXYLDO 20G 5HG GHSRVLWV :RRG %D\ )

'"HYRQLDQ- RS UIWVEHUJHQ 6YDOEDUG /HWKDLD Y S

:LVVKDN O 9RORKRQVN\ ( DQG %YORPHLHU ' E $FDQV

WKH (DUO\ '"HYRQLDQ RI 6SLWVEHUJHQ $FWD 3DODHRQWRO

‘RKO ( JORRGSODLQV DQG ZRRG (DUWK 6FLHQFH 5HY
‘RKO ( %ULGJLQJ WKH JDSV $Q RYHUYLHZ RI ZRRG DF
ULYHUV *HRPRUSKRORJ\ Y S

'RKO ( DQG ,URXPp $ ,QWURGXFWLRQ WR WKH :RRG |

(DUWK 6XUIDFH 3URFHVVHYV DQG /IDQGIRUPV KWWSV GRL F
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RUVOH\ ' 6HGLPHQWRORJLFDO REVHUYDWLRQV RQ W|

$QGUpH /IDQG 6SLWVEHUJHQ 1RUVN 3RODULQVWLWXWW cU

‘XH - 'HQJ = +XDQJ 3 +XDQJ . %HQWRQ 0 - &XL <
%DVLQJHU -) DQG +DR 6 %HORZJURXQG UKL]RPHV L

(DUO\ ' HYRQLDQ YDVFXODU SODQW 3URFHEBH®QJV RI WKH 1

S

=HLFKQHU 6 6 1JKLHP - /DPS 03 7DNDVKLPD 1 GH /H
(DUO\ SObDQW RUJDQLFV LQFUHDVHG JOREDO WHUU

HQKDQFHG IORFFXODWLRQ 6FLHQFH SS

), *85( $1"' 7$%/( &$37,216

JLIXUHHOHGURFN JHRORJ\ Rl 1: 6SLWVEHUJHQ VKRZLQJ ORFD

WKH 206G 5HG 6DQGVWROQH

JLIXUHLWKRVWUDWLJUDSK\ RI WKH 20G 5HG 6DQGVWRQH L
DQG 'DOOPDAQ UHYLVHG GDWLQJ DIWHU %QBPWuU\ DQG 0D
SDO\QRORJLFDO ZRUN LQ WKLV VWXG\ VHMRPWIL® HWHQW D 9H
7LPLQJ RI HDUOLHVW JOREDO PDFURIRVYVLIOQHWHIGHVODW LIROQ
VKRZQ RQ ULJKW KDQG VLGH RI ILIJIXUH FRPSLOHG IURP *HL

*LHVHQ DQG %HUU\ 6WUXOOX '"HUULHQ 0D W\

DQG +HWKHULQJIJWRQ DQG 'RODQ

JLIXUH2XWFURS DSSHDUDQFH RI WKH FRQVWLWXHQW XQLW)\
6SLWVEHUJHQ $ *UH\ VDQGVWRQHY DQB8UBMNBH %V N WHH MKHDQAX
% %DVDO GHEULV IORZ FRQJORPHUDWH BPWWWHRSHG %D\ *U
SLYLHUDWRSSHQ & 5HG PXGURFNV DQG VXERUGLQDWH VD

J)U QNHOU\JJHQ )RUPDWLRQ )U QNHOU\JJHQ ' 7KLFN IOXYL

i 6
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PXGURFNV RI WKH XSSHUPRVW 5HG %D\ *URXS %HQ 1HYLV )
VXFFHVVLRQ RI UHG KHWHUROLWKLF VWUDWBHQWKLQ WKH

OHPEHU 5RRVIMHOOD ) )URVW VKDWWHUHG VPWHHRERYHU
'LFNVRQIMRUGHQ OHPEHU 6FRWW .HOWLHQVMWERBHRRG %BG

JRUPDWLRQ 9HUGDOHQ OHPEHU IRUHJURXQG DQG *UH\ +F
'RRGIMRUGHQ + *UDGDWLRQDO WUDQVLWLRQ EHRM¥HHQ UF
9HUGDOHQ OHPEHU EDFNJURXQG DQG 3JUH\ RRMNUDFRG EF
JRUPDWLRQ IRUHJURXQG 6iUOCLIMHGORY VD QBW WBRRBI VWIX(
VKDOHV RI WKH :LMGH %D\ )RUPDWLRQ 7® 0D FXWR@IMHO
VDQGVWRQHV RI WKH ORZHU 7RUGDOHQ )RUPDWLRQ )LVNH
6DQGVWRQHV RI WKH 30ODQWHNO{jIWD )RUPDWGRQJ 3ODQWH!

ULYHUEDQN RXWFURS RI KHWHUROLWKLF VWUDWD RI WKH 3

JLIXUHRFKNRYLDQ SODQW VHGLPHQW LQWHUDEWLRQV LQ W
JRUPDWLRQ DW %XFKDQDQKDOY{\D 'RZQVW UHDLH B FELUMRV L |
UHZRUNHG FDOFUHWHY DQG LQ VLWX SODQW R DAWHIDLYDID DV}
EUDLGHG ULYHU DOOXYLXP )JULHQG HW DO $ % /DWHI
VDQGERGLHV KLJKOLJKWHG \HOORZ DQG PLWRU VRDDHYV J
& ' 'HWDLO RI ER[HG DUHD KLJKOLJKWHG LQ $ DQG % 7ZR |
WRS ILQHV 3DODHRIORZ WRZDUGV OHIW RI LIRWPH ( 'HWDL
VKRZLQJ EDVDO ODJ RI LQWUDIRUPDWL R W@ FD R BUHMN FRI
) $EXQGDQW JRVDVRHRSKAIOBOUHVHUYHG ZLWKLQ WKH EDU Wi
VLIQDWXUHV DVVRFLDWHG ZLWK EDIWUWRBQ®KWR SRS KXUANR
LQ EDVH RI RYHUO\LQJ VDQGVWRQH * DQG KHQUFDIODANK F

+ 6FDOH EDU FP LQ * PP LQ +

=1}
(o}
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JLIXUMHGLPHQWDU\ FRQWH[W RI SODQW IRVVLO UHPDLQV L
JRUPDWLRQ $XVWIMRUGHQ OHPE 0 DIWP DD Y 3HW MULALFQ/M G
HURGHG LQIOHFWLRQ SRLQW RI D GRZQVWUHDWPLRBERIHWLQ.
UHODWLYHO\ FRPSOHWH VSHFLPHQV R VP DEHM QS YU R RISKJI VDI
WKH EDU WRS DQG PDUJLQV 3DODHRIORZ W& ®D UXGUWWXHIIW XR
WKH VDPH VHFWLRQ EUDLGHG DOOXYLDO IX@ F\WDAQ@HKQ Y D Q
SDODHRVROV () ZLWKLQ WKHVH SOBQWWWMPQE&YV RUH Ul
FRPPLQXWHG FDUERQDFHRXV PDWWHU DOR®RIUWURKQM BUR\

UHPDLQV ZLWKLQ SODQDU EHGGHG VDQGVWRQHV + G6FDO}

Y)LIXUH BHGLPHQWDU\ FRQWH[W RI SOD@WMNRRWIPD®WHR Q LI
5DQIMHOOHW $ % +HWHUROLWKLF VXFFRMM\QLURRIEH® U$QJ R
LQFOLQHG KHWHUROLWKLF VWUDW IH LFDWVOL RVG! [\M [ K UEIFWR UG
GHSRVLWLRQ E\ VPDOO PHDQGHULQJ FRDV@H QVF KD © QR

& 30DQ YLHZ Rl SUHVHUYHG ULGJH DQG VZDOH QURB®JUD Sk
' J)UDJPHQWDU\ WUDQVSRUWHG SODQW GWHUH\G SAZHI® KW R\

VFUROO EDUYV

JLIXUHDUOLHVW ZRRG\ GHEULY LQ WKH 20G 5HG 6DQGVWRC(
,QGLYLGXDO VWUDQGV RI [\OHP ZLWK IUD\HG HGJHV IURP X
FP ORQJ *UH\ +RHN )RUPDWLRQ 5DQIMHOQBWY LGPD® EOLV
RI ZRRG\ GHEULV XS WR FP ORQJ DQG FP ZLGH ZLWKLQ
'LMGH %D\ )RUPDWLRQ .URQSULQV +DUDOGV *UIWHHOQ. DL VLE
IDUJHVW ZRRG\ GHEULV LQ WKH V XF BH\FKIDRHRSMEHUNY M/ IOHR Q
GHSRVLWYV VKRZQ LQ )LJ 7TRUGDOHQ )RUPDWWRI® VY MMNHIN

IRU VFDOH

=1
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JLIXUBFFXPXODWLRQV RI ZRRG\ GHEULV ZLWKLQ WKH 20G 5
6SLWVEHUJHQ $ & (LIHOLDQ DFFXPXODWLRKGRIHGP DFOOHU 2
KHWHUROLWKLF VWUDWD RI WKH :LMGH %PRPRUPDWLIRQ DW
XQRULHQWHG FRPSUHVVHG ZRRG PDWHULDO XS WR FP LQ
VFDOH EDU LQ % & LV FP ') 20GHVW NQROWHUH. IWFUHW
7TRUGDOHQ )RUPDWLRQ )LVNHNO;;IWD J)RUPDWLRQ RIW )LVNI
GRPLQDQWO\ DUFKDHRSWHULG ZRRG XS WR PHYWUHY OHQ
VDQGVWRQH EHGV WKDW IRUP D PHWUH WKLFNJDIRADHOG D P D
ORJVY FDQ EH VHHQ WR KDYH UHVWHG RQ VXEDBWLIRQO\ H[S
ZLWK WUXH VXEVWUDWHY RI HHWHQVLYH DHROLQQ'DGKRZXVF
D[LDO RULHQWDWLRQ RI LQGLYLGXDO SLHFHV RI ZRRG\ C

VXFFHVVLRQ OHWUH VWLFN IRU VFDOH LQVHW VFDOH EDU

JLIXUHSRRWLQJ VWUXFWXUHV WKURXJKRXW WKH 20G 5HG 6
IRFKNRYLDQ 3XWDWLYH FP URRW VWUXFWXUH DW WKH WF
XQGHUO\LQJ WKH JRVWHURSK\OO EHDULQJ VKMHEWHNEBRZQ L
JRUPDWLRQ %XFKDQDQKDOY{\D % 3UDJLIDQ (RH® QRRM V|
VWUXFWXUHV XS WR FP YHUWLFDO OHQJWRFLARPRAQ ZL\
VWUDWD Rl WKH :RRG %D\ )RUPDWLRQ $XVWIMRD®HQ OHPE
6XVSHFWHG URRW VWUXFWXUHV ELIXUFDWLQXIGRZQZDUGYV
RVWUDFRG EHDULQJ DQG FDUERQ ULFK PDUHDQWOLMDXAWQ FH
PDUVK YHJHWDWLRQ *UH\ +RHN )RUPDWLRQP 6 DQIMH®LOG-DN
PDULQH LQIOXHQFHG IDFLHV WR & EXW H[WHQGLQJ XS WR

JRUPDWLRQ 7DJH 1LOVVRQIMHOOHW ( *LY HRRRMD @ B WOWMH.®

SDODHRVROV VHSDUDWHG E\ VDQGERGLHV LA ONIREBEYN URRW

o
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URRWHG KRUL]JRQV DUURZHG %RXQGDU\ EHWZHHQ 7RUGDO!

JRUPDWLRQ )LVNHNOjIWD 6FDOH EDU LQ $ 'LV FP VFDOF

JLIXUH'HWDLO RI URRWLQJ VWUXFWXUHY LQ WKH 3UDJLDQ
$XVWIMRUGHQ OHPEHU DW .DSS SHWHUPIXFGHVVPRQLRRQ®
RI DOWHUQDWLQJ EORFN\ UHG SDODHRVROV BXYRF¥FWX\DWHG
VSOD\ GHSRVLWLRQ % & 'HWDLOV RI FUHWDRRQHEY FOD\ VDOQ
OLQHG URRWYV % DQG FOLPELQJ ULSSOH ODPUL@PWHGE &

FP UXOHU LQ & LV FP

J)LIXUH(DUOLHVW (PVLDQ (LIHOLDQ 9,66 LQ WHKHI6\8LWH EH L
9,66 LQ WKH IRUP Rl JHQWO\ PRXQGHG VI\QRSWLF WRSRJUD
SDODHRVRO $ LQ WKH :RRG %D\ )RUPDWLRQ 'LFNVRQIMRU
'HWDLO Rl PRXQG DERYH URRW PRWWOH VKRZQ LQ % OLVLE
(LIHOLDQ GHFD\ UHODWHG 9,66 IRUPHG DV KRBIGRZ SODQW
FDXVLQJ GRZQWXUQLQJ RI EHGV $V\PPHWU\ RI &P W XUQ

WKH SODQW WRSSOHG DV LW GHFD\HG :LM&H D\ )RRRPDWL

J)LIXUH)UDVQLDQ 9,66 DVVRFLDWHG ZLWK VWDQGLQJ DUFKD
DUFKDHRSWHULG VWHP ZLWK VWHHSO\ XSWHKNQHWDBDODPLQD}
JRUPDWLRQ OXQLQGDOHQ &' %XFNOHG DQG VWHMHSO\ XSW
DUFKDHRSWHULG VWHP DSSDUHQWO\ ZLWKNCORPWD OH[LELOL
JRUPDWLRQ OXQLQGDOHQ () /DUJH DUFKDHRSWHULG HQF
XSWXUQHG ODPLQDH K\GURG\QDPLF 9,66 3O0DQWHNOGAHI WD

LV P UXOHU LQ & 'LV FP VFDOH EDU LQ ( ) LV P

JLIXUH+\GURG\QDPLF 9,66 DVVRFLDWHG ZLWK VWDRYGLQJ D

IORZ 30DQWHNO;{IWD )RUPDWLRQ OXQLQGDUHBQ ¥ WNRKQH
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VDQGVWRQHV FRQWDLQLQJ 9,66 WKDW L Q GAH ®RAMLEV W& HA KK
VDQGVWRQHV 7KH IRVVLO WUHHV KDYH EHHRNWUXQFDWHG
FRQJORPHUDWH ZLWK SURPLQHQW FOXVWHUV RIRBREEIOHYV
WKH GHFDSLWDWHG WUHH WUXQNV & - 'HWIKIRZVWRKHNVKH LF
DUFKDHRSWHULGY ZHUH URRWHG LQ PXGURFNJRX)Q®QG SHL
WKHP EHIRUH EHLQJ WUXQFDWHG GXULQJ WKH EQGHYLGXD

EDU LQ HDFK LPDJH H[FHSW FP VFDOH EDU LQ ( )

J)LIXUH)UDVQLDQ 9,66 DVVRFLDWHG ZLWK VWDQGLQJ O\FRS'
SURYLGH DUPRXUHG PDQWOH WR PXGG\ VXEVWUDWH SUHV
KXPPRFNV DQG VZDOHV 3O0DQWHNO{IWD )RUPDWLRQ OXQLC
+\GURG\QDPLF 9,66 VKRZLQJ XSZDUG WUDQVLWUR@HIAWRP FH
ODPLQDH 30DQWHNO;{IWD )RUPDWLRQ 30DXEWEHG IHIG 9LV
XSWXUQHG ODPLQDH GHYHORSHG RQ WKH VWRVV VLGH RI D

JRUPDWLRQ 3O0ODQWHU\JJHQ 9LVLEOH UXOHU LV FP

J)LIXUH+\GURG\QDPLF 9,66 DVVRFLDWHG ZLWK VWDQGLQJ O)
JRUPDWLRQ DW 0XQLQGDOHQ GHPRQVWUDWLQJ KRZ GLVWR
SODQW PDWHULDO LV ORVW $ % ,PDJHIVSRIUWK N KFOZFLH F GiIlU
RI WKH O\FRSVLG EHDULQJ VDQGVWRQH EHG E\ REQN FROO|
SURYLGHV UHIHUHQFH SRLQW \HOORZ DUURZV SRLQW WR V
YLHZ RI VWDQGLQJ O\FRSVLGV ILIJXUHG E\ %H&UUHD/QGCON\D UV
RI WKH IRVVLO EHDULQJ EHG WDNHQ LQ VKREQQJ K\GUR
ZLWK LQ VLWX SODQWV &) DV ZHOO DV MQUXFENXFHW DAIRIC
OLNHO\ WR EH K\GURG\QDPLF 9,66 GHVSLWH W KBFDBWHQFH

EDULQ $ % LV P YLVLEOH UXOHU LQ & LV FP VFDOH EL
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JLIXUH)UHTXHQWO\ RYHUVWHHSHQHG FRQFDYR FRQYH[ EHG
VDQGVWRQH ERGLHV WKDW DSSHDU WRR LUUHJXODU ORFD
XQGLVWXUEHG K\GURG\QDPLF IORZ 7KHVH DUH SXFHDWLYH
IRU VWDQGLQJ YHJHWDWLRQ RU ZRRG\ GHEULV SPOPWWDFN
WULJJHUV $ & 3XWDWLYH 9,66 LQ WKH (LIGNOLD® MHDOG®H ¢ D
FRQYH[ XSZDUGV PRXQG LQ FHQWUH RI $ % FRQWDLQV FP
OHWUH VWLEN IRU VFDOH ') 3XWDWLYHPRUCDIWQREKH ODWH
J)LVNOHNO{IWD OHPEHU DW 7RUHOYD FRPSULVH®S$ WKLEN |
PDUJLQHG VDQGVWRQH EHGV ZLWK IUHTXHQW ODUJH SODQ\
WR EH D UHVXOW Rl IORZ GLYHUVLRQ DURXQG ZRRG\ GHEUL
FRPSUHVVLRQ UHODWHG GHIRUPDWLRQ RI WKH ERRGRWHGL
VEDOH * + 3XWDWLYH 9,66 LQ WKH ODWHN @/ FWDHWHLPIEQ U R U
DW )LVNHNOjIWD VLPLODU VWUDWLJUDSKLF KRUL]JRQ WR ')
WRSRJUDSK\ SHUVLVWVY DFURVV WKH VDPULDWBOHWRBRWHG \

DFFXPXODWLRQV RI ZRRG\ GHEULVY RQ WKH RSSIRWLWH VLGF

JLIXUH(YLGHQFH IRU WUHH XSURRWLQJ LQ WKHREDU®LHVW
FURZQ WKDW KDG WRSSOHG RQWR D VPDOO PHDQGHU SRLQ
JRUPDWLRQ OXQLQGDOHQ $' 8SZDUGV GHIOHPWHDBDQ@\FRS
vDQG OHWUH VWLFN IRU VFDOH () 'HWDIFOWLRQ VRKH DERY|
VHGLPHQWDU\ ODPLQDH E\ WKH VPDOO IOHJXE€6a8H DVYFRSRGLE

( VFDOH EDU LV FP LQ )

JLIXUH3RWHQWLDO YDULDELOLW\ LQ LQIOXHQFH Rl VWDQG!
DQG EHG VKHDU VWUHVV LOOXVWUDWHG ZLWKQ RZRQI! bl RFPO X'

WKH 6SLWVEHUJHQ 20G 5HG 6DQGVWRQH
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JLIXUH' HYHORSPHQW RI FDQQHO FRDO LQ *LYHWLDQ VWUDW

(VWKHULDKDXJHQ OHPEHU DW OXQLQGDOHQ $ 2XWFURS

J)LIXUH ([DPSOHV RI ,+6 /$ VHWV WKURXJKRXW WKH 20G 5HG
$ (PVLDQ PHWUH WKLFN ,+6 /$ ZLWKLQ WKHQ:RRBE®D\ )RU
6FRWW HOWLHIMHOOHW % )UDVQH®G @LWKHBRRIHKWKNLPQG kQ
IDOOHQ O\FRSVLG DQG DUFKHRSWHULG YHIJHWNMWERRQ 1IDOO
VWUDWLJUDSKLF OHYHO KLJKOLJKWHG 3e@DQWRNHDFWRDO PRI

LV P

J)LIXUHB6XPPDU\ Rl '"HYRQLDQ SODQW VHGLPHQW LQWHUDFW
6DQGVWRQH VKRZLQJ UHFRQVWUXFWLRQV RI SDODHRHQYL
LQWHUDFWLRQV IRU WKH (DUO\ OLG DQG /DWHWHRRQRDQ $
UH HYWDEOLVKPHQW RI ELR JHRPRUSKLK SKDIVHWYY DGV HAH HC

DQG &RUHQEOLW HW DO IRU IXUWKHU GHWDLOV

TDEGH&AKDUDFWHULVWLFV RI WKH IRUPDWLRQV RI WKH 206G
FRPSLOHG XVLQJ LQIRUPDWLRQ IURP :RUVOH\ QG )ULHQC
HW DO %ORPHLHU HW DO D E %YHUJK HW DO

%HUU\ ODUVKDOO %OXPHQEHUJ HW DO

7TDEGHBSUHVHQWO\ NQRZQ IRVVLO SODQW JHQHUD DQG IRUP\
6SLWVEHUJHQ 7DEOH FRPSLOHG IURP +jHJ 6FKZHL]HU
SOXV PDWHULDO LGHQWLILHG KHUH 1RW® i WWD YR URADPRR Qt
FRQWDLQV WKH GLVWLQFWLYH vDQG\ OD\HU RIFEUHHQ \HOO
‘Planteryggen’ or ‘Upper Svalbardia Sandstone’ flora (Hoeg, 1942; Berry and Fairon

'"HPDUHW 7KLV ZDV SUHYLRXVO\ WKRXJKW WRIHLWKHU

WKH 7TRUGDOHQ )RUPDWLRQ 6FKZHLW]HU RU WKH 30D

00
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ini . Using archive sources of notebooks and original field collection labels from Hoeg’s

infio H[SHGLWLRQ ZH ZHUH DEOH WR FRQBYROIEMMHOSLORFDWH WK
ini6 (QLJIPR Sif2RXWARTe horizon of the ‘Upper Svalbardia Sandstone’ flora is definit L' Y H O\

ini6 LQWHUFDODWHG ZLWK FRQJORPHUDWHY ZHDPRDERWH RMKH
inid6 H[WHQVLYH FROOHFWLRQV PDGH GXULQJ WKLV VWXG\ DUH

infi LQYHVWLJIJDWLRQ DW &DUGLII 8QLYHUVLW\ DQG WKLV WDEGQG

inti 7TDEGHLVWULEXWLRQ RI SODQW LQIOXHQFHG DQG SODQW G

intft RI WKH 20G 5HG 6DQGVWRQH LQ 1: 6SLWVEHUJHQ
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