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7KH�&RULQWK�5LIW��FHQWUDO�*UHHFH��HQDEOHV�DQDO\VLV�RI�HDUO\�ULIW�GHYHORSPHQW�DV�LW����

LV�\RXQJ�����0D���KLJKO\�DFWLYH�DQG�LWV�IXOO�KLVWRU\�LV�UHFRUGHG�DW�KLJK�UHVROXWLRQ����

E\�VHGLPHQWDU\�V\VWHPV���$�FRPSOHWH�FRPSLODWLRQ�RI�PDULQH�JHRSK\VLFDO�GDWD�����

FRPSOHPHQWHG�E\�RQVKRUH�GDWD��LV�XVHG�WR�GHYHORS�D�KLJK�UHVROXWLRQ����

FKURQRVWUDWLJUDSK\�DQG�GHWDLOHG�IDXOW�KLVWRU\�IRU�WKH�RIIVKRUH�&RULQWK�5LIW�����

LQWHJUDWLQJ�LQWHUSUHWDWLRQV�DQG�UHFRQFLOLQJ�SUHYLRXV�GLVFUHSDQFLHV������

5LIW�PLJUDWLRQ�DQG�ORFDOL]DWLRQ�RI�GHIRUPDWLRQ�KDYH�EHHQ�VLJQLILFDQW�ZLWKLQ�WKH�ULIW����

VLQFH�LQFHSWLRQ���2YHU�WKH�ODVW�FD����0\U�WKH�ULIW�WUDQVLWLRQHG�IURP�D�VSDWLDOO\����

FRPSOH[�ULIW�WR�D�XQLIRUP�DV\PPHWULF�ULIW��EXW�WKLV�WUDQVLWLRQ�GLG�QRW�RFFXU����

V\QFKURQRXVO\�DORQJ�VWULNH���,VRFKRUH�PDSV�DW�FD�����N\U�LQWHUYDOV�LOOXVWUDWH�D����

FKDQJH�LQ�IDXOW�SRODULW\�ZLWKLQ�WKH�VKRUW�LQWHUYDO�FD���������ND��FKDUDFWHUL]HG�E\����

SURJUHVVLYH�WUDQVIHU�RI�DFWLYLW\�IURP�PDMRU�6�GLSSLQJ�IDXOWV�WR�1�GLSSLQJ�IDXOWV����

DQG�VRXWKZDUGV�PLJUDWLRQ�RI�GLVFUHWH�GHSRFHQWUHV�DW�a���P�N\U���6LQFH�FD��������

ND�WKHUH�KDV�EHHQ�ORFDOL]DWLRQ�DQG�OLQNDJH�RI�WKH�GRPLQDQW�1�GLSSLQJ�ERUGHU����

IDXOW�V\VWHP�DORQJ�WKH�VRXWKHUQ�ULIW�PDUJLQ��GHPRQVWUDWHG�E\�ODWHUDO�JURZWK�RI����

GLVFUHWH�GHSRFHQWUHV�DW�a���P�N\U���$�VLQJOH�FHQWUDO�GHSRFHQWUH�IRUPHG�E\����

FD�����ND��LQGLFDWLQJ�IXOO�IDXOW�OLQNDJH���7KHVH�UHVXOWV�LQGLFDWH�WKDW�ULIW�ORFDOL]DWLRQ����

LV�SURJUHVVLYH��QRW�LQVWDQWDQHRXV��DQG�FDQ�EH�V\QFKURQRXV�RQFH�D�ULIW�ERUGHU����

IDXOW�V\VWHP�LV�HVWDEOLVKHG���7KLV�VWXG\�LOOXVWUDWHV�WKDW�GHYHORSPHQW�SURFHVVHV����

ZLWKLQ�\RXQJ�ULIWV�RFFXU�DW�����N\U�WLPHVFDOHV��LQFOXGLQJ�UDSLG�FKDQJHV�LQ�ULIW����

V\PPHWU\��DQG�JURZWK�DQG�OLQNDJH�RI�PDMRU�ULIW�IDXOWV�������
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2YHU�WKH�SDVW����\HDUV��QXPHURXV�VWXGLHV�RI�V\Q�ULIW�GHIRUPDWLRQ�KDYH�IXUWKHUHG����

RXU�NQRZOHGJH�RI�IDXOW�DQG�ULIW�HYROXWLRQ��H�J��1RUWK�6HD�>Fossen and ���

Hesthammer��������Cowie et al.��������Bell et al.������@��*XOI�RI�&RULQWK�ULIW����

>H�J�Taylor et al.,�������Ford et al.������@��(DVW�$IULFDQ�5LIW�>Hayward and ���

Ebinger������@��5LR�*UDQGH�5LIW�>Leeder and Mack������@��*XOI�RI�6XH]����

>Gawthorpe et al.������@��*XOI�RI�&DOLIRUQLD�>Aragón-Arreola et al.������@������

6WXGLHV�RI�WKHVH�HYROYLQJ�DQG�PDWXUH�ULIWV�KDYH�UHFRJQL]HG�SURJUHVVLYH�VWUDLQ����

ORFDOL]DWLRQ�DV�DQ�LPSRUWDQW�SURFHVV�LQ�ULIW�HYROXWLRQ�RQ�D�YDULHW\�RI�WHPSRUDO�DQG����

VSDWLDO�VFDOHV���,W�LV�FRPPRQO\�WKRXJKW�WKDW�ULIWV�GHYHORS�DQ�LQLWLDOO\�EURDG�]RQH����

RI�FRPSOH[�GHIRUPDWLRQ�WKDW�EHFRPHV�ORFDOL]HG�RQWR�D�VPDOOHU�QXPEHU�RI����

GLVFUHWH�DQG�LQFUHDVLQJO\�ODUJH�IDXOWV�>Walsh et al.��������Cowie et al.������@����

ZKLOH�VHGLPHQWDWLRQ�EHFRPHV�IRFXVHG�LQWR�IHZHU��ODUJHU�GHSRFHQWUHV����

>Gawthorpe and Leeder��������Gawthorpe et al.��������Cowie et al.������@������

)XUWKHUPRUH��LW�KDV�EHHQ�VKRZQ�WKDW�DFWLYH�IDXOWLQJ�DQG�VWUDLQ�PLJUDWH�WRZDUGV����

WKH�ULIW�D[LV�ZLWK�LQFUHDVLQJ�H[WHQVLRQ��UHVXOWLQJ�LQ�ULIW�QDUURZLQJ�>Gawthorpe et ���

al.��������Cowie et al.������@���/RFDOL]DWLRQ�RI�GHIRUPDWLRQ�KDV�DOVR�EHHQ����

SUHGLFWHG�E\�ERWK�SK\VLFDO�>H�J��Ackermann et al.��������Mansfield and ���

Cartwright������@�DQG�QXPHULFDO�PRGHOV�>H�J��Gupta et al.��������Behn et al.�����

������Huismans and Beaumont������@�����

0RGHOV�RI�ULIW�HYROXWLRQ�DUH�W\SLFDOO\�EDVHG�RQ�PDWXUH�ULIWV�DQG�SDVVLYH�PDUJLQV�����

ZKHUH�WKH�ILUVW�IHZ�0\U�RI�ULIW�KLVWRU\�DUH�XQUHVROYHG���0RVW�VWXGLHV�KDYH�RQO\����

DFKLHYHG�ULIW�VFDOH�WHPSRUDO�UHVROXWLRQV�RI�WKH�RUGHU�RI�!��0\U�GXH�WR�UHOLDQFH����

RQ�ILHOG�REVHUYDWLRQV�>H�J��*XOI�RI�6XH]��Gawthorpe et al�������@�RU�GHHS����

RIIVKRUH�EDVLQV�>H�J��1RUWK�6HD��Cowie et al.,�����@���6RPH�VWXGLHV�KDYH����



LQYHVWLJDWHG�WKH�HYROXWLRQ�RI�LQGLYLGXDO�IDXOW�V\VWHPV�DW�ILQHU�VSDWLDO�DQG����

WHPSRUDO�VFDOH����¶V�N\U���KRZHYHU��WKHVH�VWXGLHV�KDYH�EHHQ�UHVWULFWHG�WR�UHFHQW����

DFWLYLW\�RQO\�RU�DUH�QRW�DW�ULIW�VFDOH�>H�J��Morley et al., ������Hemelsdaël and ���

Ford��������Nixon et al.������@��7KHUHIRUH��GHWDLOV�RI�YDULDWLRQV�LQ�VWUXFWXUDO����

VW\OH��VWUDLQ�GLVWULEXWLRQ�DQG�VWUDLQ�UDWH�DW�KLJK�UHVROXWLRQ��WHPSRUDO�UHVROXWLRQ�RI����

��������\UV�DQG�VSDWLDO�UHVROXWLRQ�RI�����¶V�NP��DW�ZKROH�ULIW�VFDOH�DUH�UDUHO\����

UHVROYHG�������

7KH�&RULQWK�5LIW��)LJ�����LQLWLDWHG�����0D�>Ori������@�DQG�LV�RQH�RI�WKH�PRVW����

UDSLGO\�H[WHQGLQJ�>������PP�\U��Bernard et al.��������Clarke et al.��������Briole ���

et al.������@�DFWLYH�ULIW�V\VWHPV�RQ�(DUWK�WRGD\���7KH�ULIW�LWVHOI�LV�VLJQLILFDQWO\����

VPDOOHU��a����NP�[�a���NP��WKDQ�RWKHU�ULIWV��H�J��(DVW�$IULFDQ�5LIW��%DVLQ�DQG����

5DQJH��DQG�WKHUHIRUH�FDQ�EH�LQYHVWLJDWHG�LQ�LWV�HQWLUHW\�DW�KLJK�UHVROXWLRQ��7KH����

ULIW�KDV�D�VLPSOH�KLVWRU\�RI�1�6�H[WHQVLRQ�>McKenzie��������Roberts and ���

Jackson������@�DQG�KDV�QRW�EHHQ�PDJPDWLFDOO\�RYHUSULQWHG���+HQFH��WKLV�ULIW�LV����

DQ�LGHDO�QDWXUDO�ODERUDWRU\�IRU�LQYHVWLJDWLQJ�WKH�HDUO\�GHYHORSPHQW�RI����

PDULQH�ODFXVWULQH�ULIW�EDVLQV�DQG�ULIWHG�PDUJLQV�������

7KH�&RULQWK�5LIW�KDV�EHHQ�VWXGLHG�H[WHQVLYHO\�ERWK�RQVKRUH�>H�J��Gawthorpe et ���

al.��������Leeder et al.��������������Roberts et al.��������Ford et al.������@�DQG����

RIIVKRUH�>H�J��Stefatos et al.,�������Sachpazi et al.,�������Leeder et al.�����������

McNeill et al.,�������Lykousis et al.��������Sakellariou et al.��������Bell et al.�����

������������������Taylor et al.��������Charalampakis et al.��������Beckers et ���

al.������@�WR�H[WUDFW�V\Q�ULIW�VHGLPHQWDWLRQ��IDXOW�DQG�ULIW�DUFKLWHFWXUH��DQG�WR����

TXDQWLI\�H[WHQVLRQ��+RZHYHU��WKH�H[LVWLQJ�PDULQH�VHLVPLF�GDWDVHWV�KDYH�QHYHU����

EHHQ�IXOO\�LQWHJUDWHG��UHVXOWLQJ�LQ�FRQWUDVWLQJ�LQWHUSUHWDWLRQV�RI�WKH�ULIW�VWUXFWXUH�����

WKH�DEVHQFH�RI�D�XQLIRUP�VWUDWLJUDSKLF�IUDPHZRUN�IRU�WKH�RIIVKRUH�ULIW��DQG����



VLPLODU�EXW�LQFRQVLVWHQW�FKURQRVWUDWLJUDSKLF�PRGHOV�>H�J��Sachpazi et al.������������

Leeder et al.��������Sakellariou et al.��������Bell et al.��������������Taylor et al.������
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7KLV�SDSHU�LQWHJUDWHV�DOO�DYDLODEOH�RIIVKRUH�&RULQWK�5LIW�VHLVPLF�UHIOHFWLRQ�GDWD�����

�VXPPDUL]HG�LQ�)LJ������SURGXFLQJ�D�GHQVH�QHWZRUN�WKDW�LV�XVHG�WR�GHYHORS�D�����

XQLIRUP�V\Q�ULIW�VWUDWLJUDSKLF�DQG�FKURQRVWUDWLJUDSKLF�IUDPHZRUN�IRU�WKH�SDVW�FD������

����0\U���7KLV�IUDPHZRUN�DOORZV�XV�WR�XQUDYHO�WKH�VWUXFWXUDO�GHYHORSPHQW�RI�WKH�����

&RULQWK�5LIW�DW�KLJKHU�WHPSRUDO�UHVROXWLRQV�WKDQ�SUHYLRXVO\�DFKLHYHG�KHUH�RU�DW�����

DQ\�RWKHU�FRQWLQHQWDO�ULIW��:H�IRFXV�RQ�TXDQWLI\LQJ�YDULDWLRQV�LQ�WKH�GLVWULEXWLRQ�RI�����

WKH�V\Q�ULIW�VHGLPHQWV�WKURXJK�WLPH��LOOXVWUDWLQJ�WKH�DFURVV��DQG�DORQJ�VWULNH�����

GHYHORSPHQW�RI�WKH�RIIVKRUH�ULIW�VWUXFWXUH��DQG�FRQVWUDLQLQJ�WKH�WLPHIUDPHV�RI�����

VZLWFKHV�LQ�IDXOW�SRODULW\�DQG�IDXOW�GHSRFHQWUH�OLQNDJH�DQG�ORFDOL]DWLRQ��%\�����

TXDQWLI\LQJ�WKH�PDJQLWXGH��UDWH�DQG�WLPLQJ�RI�HDUO\�ULIW�GHIRUPDWLRQ�DW�����

XQSUHFHGHQWHG�VSDWLDO�UHVROXWLRQV�DQG�RQ�WLPHVFDOHV�����0\U��ZH�DUH�DEOH�WR�����

DGGUHVV�WKH�IROORZLQJ�NH\�TXHVWLRQV��+RZ�GRHV�ULIW�JHRPHWU\�HYROYH�DQG�RQ�����

ZKDW�WLPHVFDOH"�,V�VWUDLQ�ORFDOL]DWLRQ�DQ�DEUXSW�RU�JUDGXDO�SURFHVV"�$QG�GRHV�LW�����

RFFXU�V\QFKURQRXVO\�DORQJ�D�ULIW"�����

 ����

��� *HRORJLFDO�EDFNJURXQG�DQG�VWUDWLJUDSK\�RI�WKH�&RULQWK�5LIW�����

7KH�&RULQWK�5LIW�IRUPV�D�KLJK�VWUDLQ�EDQG�RI�1�6�H[WHQVLRQ�DFURVV�FHQWUDO�����

*UHHFH�WKDW�KDV�EHHQ�DFWLYH�VLQFH�WKH�ODWH�3OLRFHQH�>Skourlis and Doutsos������

������Leeder et al.��������Ford et al���������)LJ���@��ZLWK�WKH�PRGHUQ�DFWLYH�ULIW�����

D[LV��RIIVKRUH�*XOI�RI�&RULQWK��LQLWLDWLQJ�FD����0D�>H�J��McNeill et al.��������Bell ����

et al.��������������Leeder et al.������@���*HRG\QDPLF�PRGHOV�IRU�WKH�IRUPDWLRQ�����

RI�WKH�ULIW�LQFOXGH�H[WHQVLRQ�DVVRFLDWHG�ZLWK�UROO�EDFN�RI�WKH�VXEGXFWLQJ�$IULFDQ�����



3ODWH�>McKenzie��������Doutsos et al.��������Jolivet et al.������@��JUDYLWDWLRQDO�����

FROODSVH�RI�RYHU�WKLFNHQHG�FUXVW�>Le Pourhiet et al.������@�DQG�WKH�6:�����

SURSDJDWLRQ�RI�WKH�GH[WUDO�1RUWK�$QDWROLDQ�)DXOW�>Armijo et al.������������@�������

3UHVHQW�GD\�JHRGHWLF�UDWHV�RI�H[WHQVLRQ�DFURVV�WKH�ULIW�UDQJH�IURP����PP�\U�LQ�����

WKH�HDVW�WR�!������PP�\U�LQ�WKH�ZHVW�>Davies et al.��������Clarke et al.������������

Briole et al.��������Avallone et al.������@���+RZHYHU��ORQJ�WHUP�GHIRUPDWLRQ�����

SDWWHUQV�DQG�ZKROH�FUXVW�H[WHQVLRQ�HVWLPDWHV�LQGLFDWH�JUHDWHU�DPRXQWV�RI�����

H[WHQVLRQ�>a������NP��Bell et al., ����@�LQ�WKH�FHQWUDO�ULIW�DQG�H[WHQVLRQ�DW�ORZHU�����

UDWHV�LQ�WKH�ZHVWHUQ�ULIW�>��������PP�\U��Ford et al., ����@�LQ�WKH�SDVW��LQGLFDWLQJ�����

SRWHQWLDOO\�VLJQLILFDQW�WHPSRUDO�YDULDWLRQV�LQ�VWUDLQ�GLVWULEXWLRQ�ZLWKLQ�WKH�ULIW�>Bell ����

et al.��������Ford et al.������@������

7KH�RQVKRUH�V\Q�ULIW�VHGLPHQWV�RI�WKH�ZHVWHUQ�DQG�FHQWUDO�ULIW�KDYH�EHHQ�����

VHSDUDWHG�LQWR�WKUHH�OLWKRVWUDWLJUDSKLF�JURXSV��$�/RZHU�*URXS�FKDUDFWHUL]HG�E\�����

DOOXYLDO�WR�ODFXVWULQH�VHGLPHQWV�GHSRVLWHG�LQ�WKH�ODWH�3OLRFHQH��HVWLPDWHG�����

EHWZHHQ�FD����0D�WR���������0D��GXULQJ�D�WLPH�RI�GLVWULEXWHG�H[WHQVLRQ��D�FD������

��������0D�WR����������0D�0LGGOH�*URXS�GRPLQDWHG�E\�ODFXVWULQH�IDQ�GHOWDV�WKDW�����

EXLOW�GXULQJ�D�SHULRG�RI�ULIW�GHHSHQLQJ�DQG�QRUWKZDUG�PLJUDWLRQ��DQG�D�FD����������

�����0D�WR�SUHVHQW�8SSHU�*URXS�FKDUDFWHUL]HG�E\�DOWHUQDWLQJ�PDULQH�DQG�����

ODFXVWULQH�VHGLPHQWV�>H�J��Ori��������Gawthorpe et al.��������Rohais et al.������

������Backert et al.��������Leeder et al.��������Ford et al.������@��8S�WR�a����NP�����

RI�V\Q�ULIW�VHGLPHQWV�KDYH�DFFXPXODWHG�LQ�WKH�RIIVKRUH�*XOI�RI�&RULQWK���7KHVH�����

FRPSULVH�D�GHHSHU�VHTXHQFH��GHILQHG�KHUH�DV�6HLVPLF�8QLW����68���WKDW�YDULHV�����

FRQVLGHUDEO\�LQ�WKLFNQHVV�DQG�ODUJHO\�ODFNV�FRQWLQXRXV�FRKHUHQW�UHIOHFWLRQV�DQG�����

E\�D�VHTXHQFH��GHILQHG�KHUH�DV�6HLVPLF�8QLW����68���WKDW�LV�ZHOO�VWUDWLILHG������

FRQVLVWLQJ�RI�ODWHUDOO\�FRQWLQXRXV�SDFNDJHV�RI�UHIOHFWLRQV�>Sachpazi et al.������������



Lykousis et al.��������Bell et al.��������������Taylor et al.������@�VHSDUDWHG�IURP�����

68��E\�DQ�XQFRQIRUPLW\���$QDO\VHV�RI�VHGLPHQW�FRUHV�LQGLFDWH�DOWHUQDWLQJ�����

PDULQH�DQG�ODFXVWULQH�FRQGLWLRQV�LQ�UHFHQW�WLPHV��FDXVHG�E\�EDVLQ�LVRODWLRQ�����

GXULQJ�JODFLDO�ORZVWDQGV�E\�WKH�5LRQ�$QWLULRQ�VLOO�LQ�WKH�ZHVW�>H�J��3HULVVRUDWLV�HW�����

DO�������@���$QDO\VLQJ�VHLVPLF�VWUDWLJUDSK\��SUHYLRXV�VWXGLHV�KDYH�LQWHUSUHWHG������

PDULQH�DQG�ODFXVWULQH�SDFNDJHV�ZLWKLQ�68���FRUUHODWLQJ�WKHP�ZLWK�WKH�����

4XDWHUQDU\�VHD�OHYHO��VSHFLILFDOO\�����N\U�JODFLR�HXVWDWLF�F\FOHV�>GLIIHUHQW�UHVXOWV�����

VXPPDUL]HG�LQ�7DEOH����Sachpazi et al.��������Moretti et al.��������Leeder et al.������

������Lykousis et al.��������Sakellariou et al.��������Bell et al.������������������

Taylor et al.������@���7KXV�WKH�H[LVWLQJ�WHFWRQR�VWUDWLJUDSKLF�IUDPHZRUN�IRU�WKH�����

RIIVKRUH�&RULQWK�5LIW�QHHGV�WR�EH�UHFRQFLOHG�LQ�RUGHU�WR�DFFXUDWHO\�DQDO\VH�����

VHGLPHQW�IOX[�DQG�IDXOW�DFWLYLW\�KLVWRU\�DURXQG�WKH�ULIW������
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VXUYH\V�ZHUH�XVHG�IRU�FRUUHODWLQJ�IDXOWV�DQG�IRU�WKH�EDVLQ�ZLGH�����

FKURQRVWUDWLJUDSKLF�LQWHUSUHWDWLRQ������

��� R/V Maurice Ewing 2001 - 0&6�GDWD�SHQHWUDWLQJ�WKH�FRPSOHWH�V\Q�ULIW�����

VHTXHQFH�WR�EDVHPHQW�WKURXJKRXW�WKH�*XOI��SUHYLRXVO\�SXEOLVKHG�E\�Zelt ����

et al.�>����@�DQG�Taylor et al��>����@��������



��� M.V. Vasilios 2003 - +LJK�UHVROXWLRQ�0&6�GDWD�SHQHWUDWLQJ�DOO�RU�SDUW�RI�����

WKH�V\Q�ULIW�VHTXHQFH�LQ�WKH�ZHVWHUQ�*XOI�RI�&RULQWK��SUHYLRXVO\�SXEOLVKHG�����

E\�McNeill et al.�>����@��Bell et al��>����������@������

��� R/V AEGAEO - +LJK�UHVROXWLRQ�VLQJOH�FKDQQHO�GDWD�SHQHWUDWLQJ�DOO�RU�SDUW�����

RI�WKH�V\Q�ULIW�VHTXHQFH�WKURXJKRXW�WKH�*XOI�SUHYLRXVO\�SXEOLVKHG��LQ�SDUW������

E\�Lykousis et al��>����@�DQG�Sakellariou et al��>����@������

��� M.V. Vasilios 1996 - +LJK�UHVROXWLRQ�VLQJOH�FKDQQHO�GDWD�LQ�WKH�����

$ON\RQLGHV�*XOI�SUHYLRXVO\�SXEOLVKHG�E\�Collier et al��>����@��Leeder et al������

>����������@��Stefatos et al��>����@�DQG�Bell et al��>����@������

/RFDO�GDWDVHWV�LQFOXGLQJ�DLUJXQ�SURILOHV��VLQJOH�FKDQQHO�VSDUNHU�SURILOHV�DQG�����

VXE�ERWWRP�SURILOHV�>H�J���Stefatos et al���������Charalampakis et al�������@�ZHUH�����

XVHG�WR�FRQILUP�FRUUHODWLRQ�DQG�ORFDWLRQ�RI�IDXOWV��LQ�SDUWLFXODU�DORQJ�WKH�����

VRXWKHUQ�PDUJLQ��'HWDLOV�RI�HDFK�VHLVPLF�UHIOHFWLRQ�VXUYH\�FDQ�EH�IRXQG�LQ�WKH�����

UHOHYDQW�SXEOLFDWLRQV�OLVWHG�LQ�)LJXUH��������

Stratigraphic interpretation ����

7KH�GHQVH�QHWZRUN�RI�VHLVPLF�SURILOHV�DOORZV�XV�WR�DFFXUDWHO\�WUDFH�NH\�VHLVPLF�����

UHIOHFWLRQV�ZLWKLQ�6HLVPLF�8QLW����68���DQG�6HLVPLF�8QLW����68���WKURXJKRXW�WKH�����

RIIVKRUH�ULIW���:H�IRFXV�RQ�DUHDV�HDVW�RI�$LJLRQ�ZKHUH�GHHS�SHQHWUDWLQJ�VHLVPLF�����

GDWD�DUH�SUHVHQW��)LJV����DQG������7KH�VHLVPLF�VWUDWLJUDSK\�LV�LQWHUSUHWHG�XVLQJ�����

WKH�VDPH�WHFKQLTXHV�RI�SUHYLRXV�VWXGLHV��7DEOH�����VSHFLILFDOO\�GLVWLQJXLVKLQJ�����

PDULQH�DQG�ODFXVWULQH�SDFNDJHV�ZLWKLQ�68�������

��� 6HGLPHQWDU\�VWUXFWXUHV�DQG�JHRPHWULHV��SURJUDGLQJ�FOLQRIRUPV������

WUXQFDWLRQ�DQG�RQODS�RQ�WKH�XSSHU�VORSHV�DQG�VKHOI�UHJLRQV�RI�WKH�����

RIIVKRUH�ULIW��)ROORZLQJ�SUHYLRXV�VWXGLHV�>H�J��Leeder et al���������McNeill ����



et al���������Bell et al.,�����������@��ZH�LQWHUSUHW�FOLQRIRUPV�DV�IRUPLQJ�LQ�����

ORZVWDQG��ODFXVWULQH�FRQGLWLRQV�ZLWK�RQODSSLQJ�PDULQH�VHGLPHQWV�PDUNLQJ�����

WUDQVJUHVVLRQ��������

��� 6HLVPLF�FKDUDFWHU�±�,Q�WKH�PDLQ�EDVLQ��FKDQJHV�LQ�DPSOLWXGH�DQG�����

IUHTXHQF\�ZHUH�XVHG�WR�GLYLGH�WKH�VWUDWLJUDSK\�>PHWKRGV�RI�Sachpazi et ����

al���������Lykousis et al���������Bell et al���������������Taylor et al�������

�������FDOLEUDWHG�ZLWK�0DULRQ�'XIUHVQH�ORQJ�SLVWRQ�FRUHV�>Moretti et al�������

����@�VDPSOLQJ�WKH�ODVW�a�������ND�>VHH�Bell et al�������@��:H�XVH�WKLV�����

PHWKRG�WR�LGHQWLI\�ODFXVWULQH�DQG�PDULQH�SDFNDJHV�ZLWKLQ�WKH�VHLVPLF�����

VWUDWLJUDSK\�E\�SLFNLQJ�WKH�EDVH�KRUL]RQ�RI�KLJKHU�DPSOLWXGH�SDFNDJHV������

LQWHUSUHWHG�DV�WKH�RQVHW�RI�PDULQH�VHGLPHQWDWLRQ��H�J��)LJ����������

7KH�DOWHUQDWLQJ�PDULQH�DQG� ODFXVWULQH�SDFNDJHV�ZLWKLQ�68��FDQ�EH� FRUUHODWHG�����

ZLWK�FD������N\U�JODFLR�HXVWDWLF�F\FOHV�>VHD�OHYHO�FXUYH�RI�Bintanga and van der ����

Waal������@��SURYLGLQJ�DJH�HVWLPDWHV�IRU�HDFK�VWUDWLJUDSKLF�KRUL]RQ�IRU�WKH�SDVW�����

FD������N\U��3URSRVHG�RFHDQ�GULOOLQJ�RI�WKH�VHFWLRQ�ZLOO�DOORZ�XV�WR�XOWLPDWHO\�WHVW�����

WKH�DFFXUDF\�RI�WKLV�IUDPHZRUN�>McNeill et al., ����@��������

Sediment distribution analysis for fault activity ����

7KH�68��VWUDWLJUDSKLF�KRUL]RQV�SURYLGH�D�KLJK�UHVROXWLRQ�IUDPHZRUN����NP�[�������

NP������N\U��WR�JHQHUDWH�LVRFKRUH�PDSV�DQG�DORQJ�VWULNH�SURILOHV�RI�PD[LPXP�����

VHGLPHQW�WKLFNQHVV��6HGLPHQW�WKLFNQHVVHV�DUH�FDOFXODWHG�XVLQJ�D�OLQHDU�YHORFLW\�����

PRGHO�>EDVHG�RQ��WRPRJUDSK\�GDWD��Zelt et al���������SUH�VWDFNHG�GHSWK�����

PLJUDWLRQ��Clement,�������VHPEODQFH�SORWV��Bell et al���������DQG�JHRSK\VLFDO�����

FRUH�ORJV��Collier et al.,������DQG�Moretti et al�������@�WKDW�LQFUHDVHV�DW�����NP�V�����

��V���IURP�WKH�VHDIORRU�ZKHUH�WKH�YHORFLW\�LV������NP�V���[Moretti et al�������



����@���6HGLPHQWV�ZHUH�GHFRPSDFWHG�XVLQJ�D�SRURVLW\�GHSWK�UHODWLRQVKLS�IRU�����

FDOFDUHRXV�VHGLPHQWV�>*ROGKDPPHU������@��3DWWHUQV�LQ�V\Q�ULIW�VHGLPHQW�����

WKLFNQHVV�ZHUH�XVHG�WR�XQGHUVWDQG�WKH�OLQNV�EHWZHHQ�IDXOW�DQG�GHSRFHQWUH�����

ORFDWLRQV�IROORZLQJ�DQ�DVVHVVPHQW�RI�WKH�FRQWULEXWLRQ�RI�IOXYLDO�VHGLPHQW�LQSXW�WR�����

VHGLPHQW�WKLFNQHVV��)DXOW�SRO\JRQ�PDSV�DUH�XVHG�WR�LOOXVWUDWH�WKH�FXPXODWLYH�����

KHDYH�RQ�IDXOWV�IRU�NH\�WLPH�LQWHUYDOV��7KH�OHQJWK�DQG�ZLGWK�RI�WKH�IDXOW�SRO\JRQV�����

DUH�JHQHUDWHG�XVLQJ�KDQJLQJ�ZDOO�DQG�IRRWZDOO�FXW�RII�SRLQWV�DQG�LGHQWLI\LQJ�����

UHDOLVWLF�DORQJ�VWULNH�IDXOW�KHDYH�SDWWHUQV��7KH�IDXOW�SRO\JRQV�ZHUH�����

VXSHULPSRVHG�RQWR�WKH�LVRFKRUH�PDSV�DOORZLQJ�XV�WR�DVVHVV�GHSRFHQWUH�����

GHYHORSPHQW�DQG�IDXOW�DFWLYLW\������

�����

��� 8QLIRUP�VWUDWLJUDSKLF�IUDPHZRUN�IRU�WKH�RIIVKRUH�&RULQWK�5LIW�����

7KH�WZR�VHLVPLF�XQLWV��68��DQG�68���DUH�VHSDUDWHG�E\�D�EDVLQ�ZLGH�����

XQFRQIRUPLW\��KRUL]RQ�8���ZKLFK�PDUNV�DQ�DEUXSW�FKDQJH�LQ�VHLVPLF�FKDUDFWHU�����

EHWZHHQ�WKH�WZR�XQLWV�>H�J��)LJ�����Sachpazi et al.��������Bell et al.��������Taylor ����

et al.������@���68��LV�FKDUDFWHUL]HG�E\�ORZHU�DPSOLWXGH�UHIOHFWLRQV�WKDW�ODFN�����

FRKHUHQF\��)LJ������,Q�FRQWUDVW��ZLWKLQ�68��ZH�FDQ�FOHDUO\�LGHQWLI\�VL[�KLJK�����

DPSOLWXGH�PDULQH�SDFNDJHV��SDFNDJH�EDVHV�+��+���DQG�ORZ�DPSOLWXGH�����

ODFXVWULQH�SDFNDJHV��ZKLFK�ZH�FRUUHODWH�ZLWK�WKH�ODVW�VL[�FD������N\U�JODFLR�����

HXVWDWLF�F\FOHV��)LJ������������

7KLV�FKURQRVWUDWLJUDSKLF�LQWHUSUHWDWLRQ�LV�VLPLODU�WR�WKDW�SURSRVHG�E\�6DFKSD]L�HW�����

DO���������EXW�WKH\�GR�QRW�UHFRJQLVH�WKH�PRVW�UHFHQW�PDULQH�VWDJH��2XU�����

LQWHUSUHWDWLRQ�PDWFKHV�7D\ORU�HW�DO��>����@�EDFN�WR�FD������ND��KRZHYHU��SULRU�WR�����

FD������ND�WKH\�FRPSUHVV�VHGLPHQWDWLRQ�GXULQJ�WKH�VKRUW�ODFXVWULQH�VWDJH�DQG�����

VXUURXQGLQJ�PDULQH�VWDJHV�RI�FD����������ND�LQWR�RQH�UHIOHFWLRQ��RXU�+���)LJ����������



7D\ORU�HW�DO��>����@�FRUUHODWHV�WKH�WKLFN�ORZ�DPSOLWXGH�XQLW�DERYH�WKH�����

XQFRQIRUPLW\�ZLWK�WKH�FD����������ND�ODFXVWULQH�VWDJH��DQG�WKH�XQFRQIRUPLW\�����

ZLWK�WKH�FD����������ND�PDULQH�VWDJH���,QVWHDG�ZH�DOORZ�IRU�D�ORFDO�H[SDQVLRQ�RI�����

VHGLPHQWDWLRQ�GXULQJ�WKH�VKRUW�FD����������ND�ODFXVWULQH�VWDJH��DQG�FRUUHODWH�����

WKH�XQFRQIRUPLW\�ZLWK�WKH�RQVHW�RI�WKH�FD����������ND�PDULQH�VWDJH���2XU�PRGHO�����

LV�SUHIHUUHG�EHFDXVH��D��LW�PDLQWDLQV�WKH�FRUUHODWLRQ�RI�KLJK�DQG�ORZ�DPSOLWXGH�����

SDFNDJHV�ZLWK�PDULQH�DQG�ODFXVWULQH�FRQGLWLRQV��UHVSHFWLYHO\��DQG�E��LW�DYRLGV�����

VLJQLILFDQW�FKDQJHV�LQ�VHGLPHQWDWLRQ�UDWH��7KH�XQFRQIRUPLW\�DQG�EDVH�RI�68��LV�����

WKHUHIRUH�FD������ND��KRUL]RQ�8��)LJ����������

68��FDQ�EH�GLUHFWO\�FRUUHODWHG�LQWR�WKH�/HFKDLRQ�*XOI��FRQVLVWHQW�ZLWK�WKH�����

LQWHUSUHWDWLRQV�RI�Taylor et al.�>����@�DQG�Charalampakis et al.�>����@��+RUL]RQV�����

IRU�WKH�ODVW�FD������N\U�FDQ�DOVR�EH�FRUUHODWHG�LQWR�WKH�$ON\RQLGHV�*XOI��PDWFKLQJ�����

ZHOO�GHILQHG�FOLQRIRUP�LQWHUSUHWDWLRQV�RI�Leeder et al.�>����@�DQG�FRQVLVWHQW�ZLWK�����

%HOO�HW�DO��>����@��7DEOH���DQG�)LJ���D����$OO�68��KRUL]RQV�FDQ�EH�WUDFHG�HDVW�WR�����

ZHVW�DORQJ�WKH�ZKROH�*XOI�RI�&RULQWK��)LJ���E���DQG�DUH�ODWHUDOO\�FRQWLQXRXV�DQG�����

FRQIRUPDEOH�ZLWK�WKH�H[FHSWLRQ�RI�WKH�ZHVWHUQ�*XOI��ZKHUH�+��WUXQFDWHV�����

XQGHUO\LQJ�VHGLPHQWV�IRUPLQJ�D�VHFRQG�XQFRQIRUPLW\���7KLV�LV�WKH�XQFRQIRUPLW\�����

LQWHUSUHWHG�E\�Bell et al.�>����������@��SUHYLRXVO\�PLVLQWHUSUHWHG�DV�EHLQJ�����

FRUUHODWLYH�ZLWK�WKH�ROGHU�XQFRQIRUPLW\�LQ�WKH�WKLFNHU�FHQWUDO�EDVLQ�VHTXHQFH������

7KHUHIRUH��WKHUH�DUH�WZR�XQFRQIRUPLWLHV�LQ�WKH�ZHVWHUQ�*XOI�RI�&RULQWK��WKH�����

EDVLQ�ZLGH�68��68��XQFRQIRUPLW\�DW�FD������ND��DQG�D�\RXQJHU�XQFRQIRUPLW\�DW�����

FD������ND�ORFDO�WR�WKH�XSSHU�VKHOI�DQG�PDUJLQV�RI�WKH�ZHVWHUQ�*XOI�RI�&RULQWK������

2XU�LQWHUSUHWDWLRQ�UHFRQFLOHV�SUHYLRXV�FKURQRVWUDWLJUDSKLF�GLVFUHSDQFLHV��H�J������

7DEOH����)LJ���G����8VLQJ�WKH�FD������ND�DJH�RI�WKH�EDVLQ�ZLGH�XQFRQIRUPLW\��8������

DQG�WKH�WKLFNQHVV�RI�68��DQG�68���ZH�HVWLPDWH�DQ�DJH�RI�FD��������0D�IRU�WKH�����



ROGHVW�VHGLPHQWV�ZLWKLQ�WKH�RIIVKRUH�ULIW�XVLQJ�GHFRPSDFWHG�VHGLPHQWDWLRQ�UDWHV�����

RI�68���PDWFKLQJ�DJHV�RI�%HOO�HW�DO��>����@������

�����

��� +LJK�UHVROXWLRQ�DORQJ�VWULNH�ULIW�VWUXFWXUH�DQG�IDXOW�QHWZRUN������

,Q�WKLV�VHFWLRQ��ZH�SUHVHQW�DQG�GHVFULEH�D�QHZ��KLJKO\�GHWDLOHG�DQG�PRUH�����

SUHFLVH�&RULQWK�5LIW�IDXOW�PDS��)LJ�����ZLWK�IDXOW�DFWLYLW\�KLVWRU\�DQG�GLIIHUHQFHV�LQ�����

WKH�GHYHORSPHQW�RI�ULIW�JHRPHWU\�DORQJ�WKH�ULIW��)LJV��������7DEOH�����:H�GLYLGH�����

WKH�ULIW�LQWR�ILYH�DORQJ�VWULNH�GRPDLQV�������

�����

West Gulf of Corinth ����

7KH�7UL]RQLD�%DVLQ��ZHVW�RI�$LJLRQ��)LJ����DQG�����LV�SUHGRPLQDQWO\�FRQWUROOHG�E\�����

WKH�3VDWKRS\UJRV��7UL]RQLD�DQG�$LJLRQ�)DXOWV�>Beckers et al.,�����@��(DVW�RI�����

$LJLRQ��WKH�VRXWKHUQ�PDUJLQ�LV�VHJPHQWHG�LQWR�WKH�DFWLYH��HQ�HFKHORQ��1�GLSSLQJ�����

$LJLRQ��'LDNRSWR��:HVW�(OLNL�DQG�(DVW�(OLNL�)DXOWV��)LJ������6\Q�ULIW�VHGLPHQWV�DUH�����

PDLQO\�GHSRVLWHG�LQ�D�QDUURZ�V\PPHWULFDO�JUDEHQ�SULPDULO\�FRQWUROOHG�E\�WKH�6�����

GLSSLQJ�:HVW�&KDQQHO�)DXOW�WR�WKH�QRUWK�DQG�WKH�1�GLSSLQJ�(OLNL�)DXOWV�DQG�����

FXUUHQWO\�LQDFWLYH�3\UJDNL�0DPRXVVLD�)DXOWV�WR�WKH�VRXWK��)LJV����DQG��D���7KH�����

ODWHUDOO\�FRQVWDQW�WKLFNQHVV�EHWZHHQ�NH\�KRUL]RQV��L�H���EDVHPHQW��8��+��DQG�����

+���)LJ���D��LQGLFDWHV�DSSUR[LPDWHO\�HTXDO�DFWLYLW\�RQ�WKH�1��DQG�6�ERXQGLQJ�����

IDXOWV��)LJ�����GXULQJ�GHSRVLWLRQ�RI�68��DQG�68����,Q�WKH�IRRWZDOO�RI�WKH�:HVW�����

&KDQQHO�)DXOW��WKH�V\Q�ULIW�VHTXHQFH�LV�VLJQLILFDQWO\�WKLQQHU��ZLWK�RQO\�68������

SUHVHQW�DQG�KRUL]RQ�+��EHFRPHV�XQFRQIRUPDEOH��)LJ���D����7KH�6RXWK�DQG�����

1RUWK�(UDWLQL�)DXOWV��XSOLIWLQJ�WKH�QRUWKHUQ�KRUVW�EORFN�WKDW�IRUPV�WKH�VRXWKHUQ�����

ERXQGDU\�RI�WKH�(UDWLQL�VXE�EDVLQ��DUH�LQWHUSUHWHG�DV�DFWLYH�VLQFH�GHSRVLWLRQ�RI�����



68���FD������ND��>DV�SHU�McNeill et al���������Bell et al�������@��7KH�ORFXV�RI�ULIW�����

UHODWHG�VXEVLGHQFH�VWHSSHG�QRUWKZDUGV�LQ�WKLV�SDUW�RI�WKH�ULIW�DW�FD������ND�DQG������

GHSHQGLQJ�RQ�WKH�UHODWLYH�WLPLQJ�RI�WKH�SULPDU\�VRXWKHUQ�PDUJLQ�IDXOWV��(OLNL�DQG�����

'HUYHQL��DQG�WKH�(UDWLQL�)DXOWV��WKH�ULIW�PD\�KDYH�DOVR�ZLGHQHG���6HH�DOVR�����

GLVFXVVLRQV�E\ Bell et al��>����@��Ford et al��>����@��Taylor et al��>����@������

�����

Central-West Gulf of Corinth  ����

$ORQJ�WKH�QRUWKHUQ�PDUJLQ�D�VLQJOH�ODUJH�6�GLSSLQJ�IDXOW�ZLWK�D�OHQJWK�RI�a���NP�����

KDV�EHHQ�QDPHG�WKH�(DVW�&KDQQHO�RU�WKH�*DOL[LGL�)DXOW�>Bell et al�������������������

Taylor et al.,�����@��KRZHYHU��RXU�GHQVHU�VHLVPLF�QHWZRUN�VKRZV�WKDW�WKLV�IDXOW�LV�����

FRPSRVHG�RI�PXOWLSOH�OLQNHG�DQG�XQOLQNHG�VHJPHQWV���7KH�VHJPHQWV�WKDW�DUH�����

IXOO\�OLQNHG�DW�EDVHPHQW�GHSWK�IRUP�ZKDW�ZH�QRZ�FDOO�WKH�*DOD[LGL�)DXOW��)LJ�����������

7KH�UHPDLQLQJ�XQOLQNHG�ZHVWHUQ�IDXOW�VHJPHQW�a��NP�LQ�OHQJWK��VLWXDWHG�����

EHWZHHQ�WKH�:HVW�&KDQQHO�)DXOW�DQG�WKH�*DOD[LGL�)DXOW��LV�QRZ�UHIHUUHG�WR�DV�����

WKH�(DVW�&KDQQHO�)DXOW��)LJ�����������

7KH�V\Q�ULIW�VHGLPHQWV�GHSRVLWHG�EHWZHHQ�WKH�'HUYHQL�DQG�*DOD[LGL�)DXOWV�IRUP�����

DQ�RYHUDOO�V\PPHWULFDO�JUDEHQ��EXW�ZLWK�D�VZLWFK�LQ�IDXOW�GRPLQDQFH�IURP�6�����

GLSSLQJ�WR�1�GLSSLQJ�IDXOWV�RYHU�WLPH�>)LJ���E��Sachpazi et al���������Bell et al., ����

������Taylor et al., ����@���2XU�QHZ�LQWHJUDWHG�GDWD�DOORZ�WKH�H[WUDFWLRQ�RI�����

GHWDLOV�RI�WKLV�WUDQVLWLRQ��7KH�*DOD[LGL�)DXOW�ZDV�GRPLQDQW�GXULQJ�68���)LJ���E������

7DEOH�����EXW�FD����������ND�D�PRUH�V\PPHWULFDO�SDFNDJH�RI�V\Q�ULIW�VHGLPHQWV�����

ZDV�GHSRVLWHG�LQGLFDWLQJ�D�GLVFUHWH�WUDQVLWLRQ�SHULRG�ZLWK�HTXDO�1��DQG�6�����

GLSSLQJ�IDXOW�DFWLYLW\��)LJ���E����6KRUWO\�DIWHU�FD������N\U��KRUL]RQ�+����WKH�����

*DOD[LGL�)DXOW�EHFDPH�EXULHG�DQG�LQDFWLYH��FRLQFLGLQJ�ZLWK�WKH�IRUPDWLRQ�RI�D�6�����



WKLFNHQLQJ�KDOI�JUDEHQ�FRQWUROOHG�E\�WKH�1�GLSSLQJ�'HUYHQL�)DXOW���7KH�����

VHGLPHQWV�RI�68��DUH�GHIRUPHG�E\�QXPHURXV�VPDOO�6�GLSSLQJ�IDXOWV�EHWZHHQ�����

WKH�*DOD[LGL�DQG�'HUYHQL�)DXOWV��)LJ���E���RIWHQ�DVVRFLDWHG�ZLWK�DQ�DQWLFOLQDO�����

VWUXFWXUH�WKDW�IRUPV�DURXQG�D�SLYRW�SRLQW��SRWHQWLDOO\�D�GDPDJH�]RQH�UHODWHG�WR�����

WKH�SRODULW\�UHYHUVDO�DQG�WUDQVIHU�RI�VWUDLQ��������

 ����

Central-East Gulf of Corinth  ����

7KH�'HUYHQL�)DXOW�LV�KDUG�OLQNHG�WR�WKH�/\NRSRULD�)DXOW��IRUPLQJ�D�VLJQLILFDQW�1�����

GLSSLQJ�IDXOW��a���NP�LQ�OHQJWK��ERXQGLQJ�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�FHQWUDO�����

EDVLQ��)LJV������E���7KH�QRZ�LQDFWLYH�:HVW�;\ORNDVWUR�)DXOW��RQVKRUH��DQG�����

DFWLYH�(DVW�;\ORNDVWUR�)DXOW��RIIVKRUH��ERWK�VLW�LQ�WKH�IRRWZDOO�RI�WKH�/\NRSRULD�����

)DXOW�>)LJ�����Bell et al�������@��7KH�QRUWKHUQ�PDUJLQ�LV�FKDUDFWHULVHG�E\�����

QXPHURXV�VPDOOHU�DQG�OHVV�VLJQLILFDQW�6�GLSSLQJ�IDXOWV��LQFOXGLQJ�VRPH�����

SUHYLRXVO\�XQPDSSHG�IDXOWV�RQ�WKH�VKHOI�VORSH�WKDW�XQXVXDOO\�WUHQG�1(�6:��ZLWK�����

WKH�PDLQ�GHSRFHQWUH�ERXQG�E\�WKH�6�GLSSLQJ�:HVW�DQG�(DVW�$QWLN\UD�)DXOWV�����

�)LJV������F���$�WKLQ�SDFNDJH�RI�68��VHGLPHQWV��a����PV�7:77�������P�WKLFN������

DUH�GHSRVLWHG�LQ�D�QDUURZ�V\PPHWULFDO�JUDEHQ�LQ�WKLV�'RPDLQ��)LJ���F����6LQFH�����

FD������ND��68����WKH�1�GLSSLQJ�/\NRSRULD�DQG�(DVW�;\ORNDVWUR�)DXOWV�KDYH�����

JHQHUDWHG�D�KDOI�JUDEHQ��)LJ���F���ZLWK�WKH�6�GLSSLQJ�$QWLN\UD�)DXOWV��:$1������

($1��RQ�WKH�QRUWKHUQ�PDUJLQ�OHVV�DFWLYH���7KH�PLQRU�6�GLSSLQJ�IDXOWV�LQ�WKH�����

IRRWZDOO�RI�WKH�:$1�DQG�($1��DSSHDU�WR�KDYH�DFWLYDWHG�GXULQJ�68��GHSRVLWLRQ������

VXJJHVWLQJ�WKH�QRUWKHUQ�ULIW�PDUJLQ�KDV�VWHSSHG�QRUWK�GXULQJ�68�������

�����

East Gulf of Corinth  ����



,Q�WKH�PDLQ�EDVLQ�GXULQJ�68��GHSRVLWLRQ��PXOWLSOH�EDVHPHQW�KRUVW�VWUXFWXUHV�DUH�����

XSOLIWHG�E\�6�GLSSLQJ�IDXOWV�FUHDWLQJ�VPDOO�1�WKLFNHQLQJ�KDOI�JUDEHQ�>VHH�DOVR�����

Bell et al�������@��7KH�KRUVWV�EHFDPH�EXULHG�DQG�LQDFWLYH�E\�FD������ND��)LJ������

�G���$ORQJ�WKH�VRXWKHUQ�PDUJLQ�RI�WKLV�EDVLQ��WKH�1�GLSSLQJ�1RUWK�.LDWR�DQG�����

3HUDFKRUD�)DXOWV��a���NP�LQ�OHQJWK�IRUP�D�GH[WUDO�HQ�HFKHORQ�IDXOW�DUUD\�ZLWK�����

WKH�(DVW�;\ORNDVWUR�)DXOW�ZKLFK�LV�SUREDEO\�OLQNHG�DW�GHSWK���,Q�FRQWUDVW�WR�����

SUHYLRXV�VWXGLHV�WKDW�LQWHUSUHW�WKH�3HUDFKRUD�)DXOW�DV�D�1(�WUHQGLQJ�IDXOW�>H�J������

Stefatos et al���������Lykousis et al.,�������Bell et al���������Taylor et al�������������

Charalampakis et al�������@��ZH�KDYH�LGHQWLILHG�LWV�FRQWLQXDWLRQ�FORVHU�WR�WKH�����

3HUDFKRUD�3HQLQVXOD��7KLV�LQWHUSUHWDWLRQ�JLYHV�WKH�3HUDFKRUD�IDXOW�DQ�(1(�����

WUHQG��PRUH�FRQVLVWHQW�ZLWK�DGMDFHQW�IDXOWV��68��VHGLPHQWV�WKLFNHQ�DQG�WLOW�WR�����

WKH�VRXWK��IRUPLQJ�DQ�DV\PPHWULFDO�JUDEHQ�FRQWUROOHG�E\�WKH�1�GLSSLQJ�����

3HUDFKRUD�)DXOW��)LJ���G���7KH�ULIW�]RQH�VWHSSHG�QRUWK�DURXQG�FD������ND�ZLWK�����

XSSHU�68��DQG�ORZHU�68��VHGLPHQWV�GUDSLQJ�WKH�QRUWKHUQ�ULIW�PDUJLQ�XS�WR�WKH�����

6�GLSSLQJ�9URPD�)DXOW��)LJV������G�������

7KH�+HUDLRQ�5LGJH��ERXQG�E\�WKH�3HUDFKRUD�)DXOW�WR�WKH�QRUWK�DQG�WKH�+HUDLRQ�����

DQG�/HFKDLRQ�)DXOWV�WR�WKH�VRXWK�>)LJV����DQG��G��Charalampakis et al�������@������

VHSDUDWHV�WKH�*XOI�RI�&RULQWK�IURP�WKH�/HFKDLRQ�*XOI��7KLV�ULGJH�FRQWLQXHV�����

RQVKRUH�DW�WKH�3HUDFKRUD�3HQLQVXOD��,Q�WKH�/HFKDLRQ�*XOI��68��DQG�68������

WKLFNHQ�LQ�WKH�KDQJLQJ�ZDOO�RI�WKH�6�GLSSLQJ�+HUDLRQ�DQG�/HFKDLRQ�)DXOWV������

LQGLFDWLQJ�WKHLU�DFWLYLW\��DQG�WKLQ�RQ�WRS�RI�WKH�+HUDLRQ�5LGJH��)LJ���G��>VHH�DOVR�����

Charalampakis et al�������@�������

�����

Alkyonides Gulf  ����



7KH�$ON\RQLGHV�*XOI�LV�VHSDUDWHG�IURP�WKH�*XOI�RI�&RULQWK�E\�WKH�IDXOW�ERXQGHG�����

KRUVW�RI�WKH�$ON\RQLGHV�,VODQGV��)LJ������7KH�VRXWKHUQ�$ON\RQLGHV�PDUJLQ�LV�����

FRQWUROOHG�E\�WKH�1�GLSSLQJ�6WUDYD��:HVW�$ON\RQLGHV�DQG�(DVW�$ON\RQLGHV�)DXOWV�����

>Leeder et al���������������Sakellariou et al�������@��7KH�1(�6:�WUHQGLQJ�����

/LYDGRVWUDV�)DXOW�FRQWUROV�WKH�QRUWKHUQ�PDUJLQ�DQG�WKH�:HVW�DQG�(DVW�����

'RPYUHQD�)DXOWV�IRUP�D�PLQRU�VXE�EDVLQ�WR�WKH�QRUWK�RI�WKH�$ON\RQLGHV�,VODQGV�����

>VHH�DOVR�Sakellariou et al���������Leeder et al.��������Bell et al�������@��7KH�����

$ON\RQLGHV�*XOI�IRUPV�DQ�DSSDUHQWO\�VLPSOH�6�WLOWLQJ�KDOI�JUDEHQ�VWUXFWXUH�����

GRPLQDWHG�E\�1�GLSSLQJ�IDXOWV��)LJV������H��>Sakellariou et al���������Leeder et ����

al���������Bell et al�������@��+RZHYHU��SULRU�WR�FD������ND��EHORZ�KRUL]RQ�+���)LJ������

�H���XQLIRUP�VHGLPHQW�WKLFNQHVV�LQGLFDWHV�HTXDO�DFWLYLW\�RQ�ERWK�6�GLSSLQJ�DQG�����

1�GLSSLQJ�IDXOWV�>VHH�DOVR�Sakellariou et al�������@��6LQFH�FD������ND��WKH�1��WR�����

1:�GLSSLQJ�:HVW�DQG�(DVW�$ON\RQLGHV�IDXOWV�KDYH�GRPLQDWHG��JHQHUDWLQJ�WKH�����

KDOI�JUDEHQ��)LJ���H��������

 ����

Summary of along-strike rift structure ����

0RVW�DORQJ�VWULNH�ULIW�GRPDLQV�VKRZ�DQ�HYROXWLRQ�WRZDUGV�D�VLPSOH�VRXWK�����

WKLFNHQLQJ�KDOI�JUDEHQ�FRQWUROOHG�E\�1�GLSSLQJ�IDXOWV��7DEOH����)LJ������7KH�����

ZHVWHUQ�*XOI�RI�&RULQWK��$LJLRQ�WR�'LDNRSWR��LV�WKH�H[FHSWLRQ��ZLWK�1��DQG�6�����

GLSSLQJ�DFWLYH�IDXOWV�IRUPLQJ�D�FRPSOH[�EXW�V\PPHWULFDO�JUDEHQ�>H�J��McNeill et ����

al���������Bell et al�������@��7KH�FD������ND�XQFRQIRUPLW\��8��PDUNV�D�PDMRU�����

SHULRG�RI�FKDQJH�LQ�GRPLQDQW�IDXOW�SRODULW\�DQG�ULIW�V\PPHWU\�ZLWK�D�WUDQVLWLRQ�����

SHULRG�WKDW�ODVWHG�FD������N\U��FD����������ND����$W�WKH�HQG�RI�WKLV�WUDQVLWLRQ�����

SHULRG��+���FD�����ND��LV�XQFRQIRUPDEOH�LQ�WKH�ZHVWHUQ�*XOI�DQG�PDMRU�6�����

GLSSLQJ�IDXOWV�EHFDPH�LQDFWLYH�WKURXJKRXW�WKH�ULIW��)LJ������$IWHU�FD������ND��WKH�����



QRUWKHUQ�ULIW�PDUJLQ�VWHSSHG�WR�WKH�QRUWK�WKURXJKRXW�PRVW�RI�WKH�*XOI�RI�&RULQWK�����

ZLWK�PLQRU�6�GLSSLQJ�IDXOWV�DFWLYDWLQJ�QRUWK�RI�WKH�SUHYLRXV�QRUWKHUQ�ULIW�PDUJLQ�����

�)LJXUH�����7KLV�WLPLQJ�RI�LQFUHDVHG�VWUDLQ�GLVWULEXWLRQ�FRLQFLGHV�ZLWK�WKH�VZLWFK�����

LQ�IDXOW�SRODULW\�DW�FD����������ND������

�����

��� 'HSRFHQWUH� GHYHORSPHQW� DQG� IDXOW� OLQNDJH� KLVWRU\� �� UHILQHG�����

DQG�LPSURYHG�UHVROXWLRQ������

�����

Primary stages of rift depocentre development ����

:H�KDYH�JHQHUDWHG�LVRFKRUH�PDSV�IRU�HDFK�V\Q�ULIW�LQWHUYDO��EXLOGLQJ�RQ�WKH�����

ZRUN�RI�Bell et al��>����@�DQG�Taylor et al��>����@��ZLWK�VLJQLILFDQWO\�LQFUHDVHG�����

DFFXUDF\�ERWK�WHPSRUDOO\�DQG�VSDWLDOO\��)LJV�������������%DVHPHQW�GHSWK��)LJ���������

LQGLFDWHV�D�VLQJOH�GHSRFHQWUH�a���NP�LQ�,HQJWK��EHWZHHQ�'LDNRSWR�DQG�����

3HUDFKRUD��LQ�WKH�&HQWUDO�'RPDLQV��XS�WR������PV�7:77�EHORZ�VHD�OHYHO��ZLWK�����

PXFK�VKDOORZHU�GHSWKV�LQ�WKH�$ON\RQLGHV�DQG�:HVW�'RPDLQV��a�����PV�7:77�����

EHORZ�VHD�OHYHO���7KH�QHZ�LVRFKRUH�PDSV�LQGLFDWH��)LJ�����WKDW�EHIRUH�FD����������

ND��68���)LJ���D��V\Q�ULIW�VHGLPHQWV�ZHUH�GHSRVLWHG�LQ�WZR�VHSDUDWH�����

GHSRFHQWUHV��2QH�LQ�WKH�KDQJLQJ�ZDOO�RI�WKH�6�GLSSLQJ�*DOD[LGL�)DXOW��&HQWUDO�����

:HVW�'RPDLQ���DQRWKHU�ERXQG�E\�WKH�1�GLSSLQJ�1RUWK�.LDWR�)DXOW�DQG�EXULHG�6�����

GLSSLQJ�IDXOWV��(DVW�'RPDLQ���$IWHU�FD������ND��68���)LJ���E��WKHVH�GHSRFHQWUHV�����

EHFDPH�OLQNHG�WR�IRUP�D�VLQJOH�ODUJH�GHSRFHQWUH��a��NP�LQ�OHQJWK��LQ�WKH�����

KDQJLQJ�ZDOOV�RI�WKH�1�GLSSLQJ�'HUYHQL��/\NRSRULD�DQG�(DVW�;\ORNDVWUR�)DXOWV������

'HSRFHQWUH�WKLFNQHVV�LV�SULPDULO\�LQIOXHQFHG�E\�VHGLPHQW�VXSSO\�DQG�FUHDWLRQ�RI�����

RI�DFFRPPRGDWLRQ�VSDFH��$V�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��VHGLPHQW�VXSSO\�����



GRHV�QRW�DSSHDU�WR�SOD\�D�VLJQLILFDQW�UROH��WKXV�ZH�FDQ�XVH�WKLFNQHVV�YDULDWLRQV�����

DV�D�SUR[\�IRU�IDXOW�GHYHORSPHQW�������

6\Q�ULIW�VHGLPHQW�GLVWULEXWLRQ�LQGLFDWHV�D�PDMRU�VKLIW�LQ�ULIW�VWUXFWXUH�IURP�D�����

FRPSOH[�ULIW�]RQH�FRQWUROOHG�E\�ERWK�1��DQG�6�GLSSLQJ�IDXOWV��)LJ���D���WR�D�����

XQLIRUP�DV\PPHWULF�ULIW�FRQWUROOHG�E\�1�GLSSLQJ�IDXOWV��)LJ���E����+LJK�UHVROXWLRQ�����

����N\U�LQWHUYDO�LVRFKRUH�PDSV��)LJV����DQG����KLJKOLJKW�WKLV�HVWDEOLVKPHQW�RI�DQ�����

DV\PPHWULF�ULIW�RYHU�WZR�SKDVHV�����D�FKDQJH�LQ�IDXOW�SRODULW\�RYHU�D�GLVFUHWH�����

WLPH�LQWHUYDO��FD����������N\U��EHWZHHQ�FD����������ND��DQG����OLQNLQJ�RI�����

GHSRFHQWUHV�VLQFH�FD������ND������

�����

The nature of the switch in fault polarity ����

%HWZHHQ�FD����������ND��)LJ������GLVFUHWH�GHSRFHQWUHV�ZHUH�IRUPHG�E\�ERWK�1�����

GLSSLQJ�DQG�6�GLSSLQJ�IDXOWV��L�H��WKH�'HUYHQL�DQG�/\NRSRULD�)DXOWV��DQG�*DOD[LGL�����

)DXOW��UHVSHFWLYHO\����,QLWLDOO\��FD����������ND��WKH�GHSRFHQWUHV�ZHUH�GRPLQDWHG�����

E\�PDMRU�6�GLSSLQJ�IDXOWV��IRU�H[DPSOH�WKH�*DOD[LGL�)DXOW�FRQWUROOHG�WZR�GLVFUHWH�����

GHSRFHQWUHV�!����PV�7:77��!����P��WKLFN�LQ�WKH�QRUWK��)LJ���D���7KH�����

GHSRFHQWUHV�SURJUHVVLYHO\�PLJUDWHG�VRXWKZDUG�GXULQJ�FD����������ND�ZLWK�����

FHQWUDO�PD[LPXP�VHGLPHQW�DFFXPXODWLRQ��)LJ���E��DQG�PD[LPXP�VHGLPHQWDWLRQ�����

ILQDOO\�UHDFKHG�WKH�VRXWKHUQ�ULIW�PDUJLQ�DQG�KDQJLQJ�ZDOOV�RI�PDMRU�1�GLSSLQJ�����

IDXOWV��H�J��(DVW�(OLNL�DQG�'HUYHQL�)DXOWV��GXULQJ�FD����������N\U���)LJ���F����7KLV�����

ILQDO�VWDJH��FD����������ND��RFFXUUHG�DORQJ�WKH�HQWLUH�OHQJWK�RI�WKH�*XOI�RI�����

&RULQWK�VRXWKHUQ�PDUJLQ��L�H��(DVW�(OLNL��'HUYHQL��/\NRSRULD��(DVW�;\ORNDVWUR�����

)DXOWV��)LJ���F���7KH�(DVW�$ON\RQLGHV�)DXOW�DOVR�EHJDQ�WR�GRPLQDWH�VHGLPHQW�����

GHSRVLWLRQ�LQ�WKH�$ON\RQLGHV�*XOI�GXULQJ�WKLV�WLPH�LQWHUYDO��)LJ���F���7KXV�1�����



GLSSLQJ�IDXOWV�KDYH�GRPLQDWHG�VXEVLGHQFH�DQG�GHSRVLWLRQ�WKURXJKRXW�WKH�DFWLYH�����

ULIW�]RQH��FUHDWLQJ�D�XQLIRUP�DV\PPHWULF�RIIVKRUH�ULIW�VLQFH�FD������ND��7KH�����

GHSRFHQWUHV�PLJUDWHG�VRXWKZDUGV�DW�D�UDWH�RI�a���P�N\U�VXJJHVWLQJ�D�����

SURJUHVVLYH�VWUDLQ�WUDQVIHU������

�����

Depocentre growth and linkage since ca. 340 ka ����

6LQFH�FD������ND��GLVFUHWH�GHSRFHQWUHV�LQ�WKH�KDQJLQJ�ZDOOV�RI�WKH�1�GLSSLQJ�����

(DVW�(OLNL��'HUYHQL��/\NRSRULD�DQG�(DVW�;\ORNDVWUR�)DXOWV�KDYH�VWDUWHG�WR�JURZ�����

DQG�OLQN��)LJ���D����0DMRU�6�GLSSLQJ�IDXOWV�KDYH�EHFRPH�EXULHG�DQG�LQDFWLYH�DQG�����

LQ�VRPH�FDVHV�SURSDJDWHG�XSZDUG�DV�VPDOOHU�IDXOW�VHJPHQWV��H�J���*DOL[LGL�����

)DXOW��)LJ���D���QR�ORQJHU�LQIOXHQFLQJ�GHSRFHQWUH�GHYHORSPHQW������

%HWZHHQ�FD����������ND��)LJ���D���D�QXPEHU�RI�VPDOO�GLVFUHWH�GHSRFHQWUHV��a������

NP�LQ�OHQJWK�ZLWK�a����PV�7:77��a����P��VHGLPHQW�WKLFNQHVV��IRUPHG�LQ�WKH�����

KDQJLQJ�ZDOOV�RI�WKH�(DVW�;\ORNDVWUR��/\NRSRULD�DQG�'HUYHQL�)DXOWV�DQG�����

EHWZHHQ�WKH�QRZ�OLQNHG�'HUYHQL�DQG�(DVW�(OLNL�)DXOWV���7KHVH�GLVFUHWH�����

GHSRFHQWUHV�JUHZ�LQ�VL]H��LQFUHDVLQJ�LQ�OHQJWK�DW�D�UDWH�RI�a���P�N\U�WR�IRUP�����

WKUHH�SDUWLDOO\�OLQNHG�GHSRFHQWUHV��a�����NP�LQ�OHQJWK�ZLWK�!����PV�7:77�����

�!����P��VHGLPHQW�WKLFNQHVV��E\�FD����������ND��)LJ���E����7KH�3HUDFKRUD�)DXOW�����

DOVR�JHQHUDWHG�D�VPDOOHU�GHSRFHQWUH�LQ�WKH�HDVWHUQ�*XOI�RI�&RULQWK�GXULQJ�WKLV�����

WLPH�SHULRG��������

7KH�GHSRFHQWUHV�JUHZ�VXEVWDQWLDOO\�IURP�FD������ND�WR�SUHVHQW�GD\��)LJ���F�������

OLQNLQJ�WR�IRUP�D�PDMRU�GHSRFHQWUH�a���NP�LQ�OHQJWK�ZLWK�XS�WR�����PV�7:77�����

�a����P��RI�SRVW�����ND�DFFXPXODWHG�VHGLPHQWV���7KH�GHSRFHQWUH�RIIVKRUH�����

$NUDWD�ZDV�VPDOOHU�ZLWK�UHODWLYHO\�KLJK�VXEVLGHQFH�RIIVKRUH�/\NRSRULD���2YHUDOO�����



WKH�PRVW�VLJQLILFDQW�UHJLRQ�RI�VHGLPHQW�DFFXPXODWLRQ�VKLIWHG�HDVWZDUG��WR�����

RIIVKRUH�;\ORNDVWUR��)LJV���F��������7KH�$ON\RQLGHV�*XOI�GHSRFHQWUH��LQ�WKH�����

KDQJLQJ�ZDOO�RI�WKH�:HVW�DQG�(DVW�$ON\RQLGHV�)DXOWV��DOVR�LQFUHDVHG�LQ�UHODWLYH�����

WKLFNQHVV���7KHUHIRUH��VLQFH�FD������ND��GHSRFHQWUHV�DORQJ�WKH�VRXWKHUQ�PDUJLQ�����

RI�WKH�RIIVKRUH�&RULQWK�5LIW�KDYH�LQFUHDVHG�LQ�VL]H��WKLFNQHVV�DQG�GHJUHH�RI�����

OLQNDJH��UHIOHFWLQJ�WKH�ORFDOL]DWLRQ�RI�GHIRUPDWLRQ�DQG�OLQNDJH�RI�WKH�PDMRU�1�����

GLSSLQJ�IDXOW�V\VWHP�WKDW�ERXQGV�WKH�VRXWKHUQ�PDUJLQ������

�����

Quantifying offshore sediment accumulation and depocentre development ����

7KH�PDMRU�VSDWLDO�VKLIWV�LQ�GLVWULEXWLRQ�RI�V\Q�ULIW�VHGLPHQWV�LV�IXUWKHU�LOOXVWUDWHG�����

E\�DORQJ�VWULNH�SURILOHV�RI�PD[LPXP�VHGLPHQW�WKLFNQHVV��)LJ�������'HSRFHQWUH�����

GHYHORSPHQW�LV�LQIOXHQFHG�E\�D�FRPELQDWLRQ�RI�KDQJLQJ�ZDOO�VXEVLGHQFH�DQG�����

VHGLPHQW�VXSSO\���3UHVHQW�GD\�PDMRU�ULYHU�V\VWHPV�DQG�DVVRFLDWHG�GHOWDV�DUH�����

HYHQO\�GLVWULEXWHG�DORQJ�WKH�3HOHSRQHVVH�FRDVWOLQH��)LJ��������7KH�SRVLWLRQV�RI�����

WKHVH�ULYHU�V\VWHPV�FDQ�EH�IDXOW�FRQWUROOHG�>H�J��WKH�.UDWKLV�5LYHU��Hemelsdaël ����

and Ford������@�EXW�WKHLU�SRVLWLRQV�IRU�WKH�PRVW�SDUW�GR�QRW�DOLJQ�ZLWK�SHDNV�LQ�����

PD[LPXP�VHGLPHQW�DFFXPXODWLRQ�UDWH��ZKLFK�YDU\�WHPSRUDOO\�DQG�DUH�RIWHQ�����

FRLQFLGHQW�ZLWK�WKH�FHQWUH�RI�LQGLYLGXDO�IDXOW�VHJPHQWV��)LJ����G��H����7KXV������

VHGLPHQW�LQSXW�GRHV�QRW�DSSHDU�WR�EH�WKH�PRVW�LPSRUWDQW�FRQWURO�RQ�SDWWHUQV�RI�����

V\Q�ULIW�VHGLPHQW�WKLFNQHVV���,QVWHDG�VHGLPHQW�GLVWULEXWLRQ�DSSHDUV�WR�EH�����

SUHGRPLQDQWO\�IDXOW�FRQWUROOHG�DQG��ZLWK�VXIILFLHQW�VHGLPHQWDWLRQ�UDWHV��VKRXOG�����

EH�DQ�DFFXUDWH�PHDVXUH�RI�WKH�JURZWK�DQG�DFWLYLW\�RI�PDMRU�EDVLQ�ERXQGLQJ�����

IDXOWV��H�J��)LJ������DQG�EDVLQ�VXEVLGHQFH������



)URP�FD��������0D�WR�����ND��68����YDULDWLRQV�LQ�WKH�PD[LPXP�XQLW�WKLFNQHVV�����

VKRZ�SHDNV�LQ�VHGLPHQW�DFFXPXODWLRQ�DW�a�������P�DQG�a�������P��870�����

FRRUGLQDWHV��)LJ����E���FRLQFLGLQJ�ZLWK�WKH�WZR�GHSRFHQWUHV��)LJ���D����+RZHYHU������

PD[LPXP�VHGLPHQW�WKLFNQHVV�IRU�68���FD������ND�±�SUHVHQW��LV�DW�a�������P�����

�870�FRRUGLQDWHV��)LJ����E���GLUHFWO\�EHWZHHQ�WKH�WZR�SHDNV�RI�68���LOOXVWUDWLQJ�����

WKH�VKLIW�LQ�VHGLPHQW�DFFXPXODWLRQ�WRZDUGV�WKH�FHQWUH�RI�WKH�ULIW�GXH�WR�����

GHSRFHQWUH�OLQNDJH��)LJ���E����7KH�FRPELQHG�HIIHFW�RI�WKHVH�WZR�SKDVHV�����

SURGXFHV�D�PD[LPXP�WRWDO�VHGLPHQW�WKLFNQHVV�GLVWULEXWLRQ�ZLWK�D�IODWWHQHG�EHOO�����

FXUYH�VKDSH��)LJ���D��RYHU�WKH�ODVW�������0\U��������

&RPSDULVRQ�RI�PD[LPXP�VHGLPHQW�DFFXPXODWLRQ�UDWHV�IRU�GLIIHUHQW�WLPH�����

LQWHUYDOV�VLQFH�FD������ND��)LJ����F�G��VKRZ�WKDW�RYHUDOO�UDWHV�KDYH�EHHQ�����

UHODWLYHO\�FRQVWDQW��DYHUDJLQJ�����P�N\U�DQG�VXIILFLHQW�WR�UHFRUG�GHIRUPDWLRQ�����

GHVSLWH�DQ�XQGHU�ILOOHG�SUHVHQW�GD\�EDVLQ��+RZHYHU��ZLWKLQ�HDFK�FD������N\U�����

LQWHUYDO�WKHUH�DUH�PRUH�ORFDOL]HG�SHDNV�LQ�PD[LPXP�VHGLPHQW�DFFXPXODWLRQ�����

UDWH��FRLQFLGHQW�ZLWK�WKH�GHSRFHQWUHV�LQ�WKH�PDMRU�EDVLQ�ERXQGLQJ�IDXOW�KDQJLQJ�����

ZDOOV��L�H��)LJ����H���������

7KH�PD[LPXP�VHGLPHQW�DFFXPXODWLRQ�UDWH�SURILOHV�FRPELQHG�ZLWK�LVRFKRUH�����

PDSV��)LJV��������LQGLFDWH�WKDW�WKH�RYHUDOO�VKLIW�LQ�VHGLPHQW�GLVWULEXWLRQ�DQG�����

GHSRFHQWUH�GHYHORSPHQW�RFFXUV�JUDGXDOO\�RYHU�WKH�SDVW�����N\U���'XULQJ�FD������

��������ND��WKH�SHDNV�LQ�PD[LPXP�UDWH�FKDQJH�IURP�EHLQJ�TXLWH�LUUHJXODU�LQ�����

VL]H�DQG�GLVWULEXWLRQ��L�H��FD���������ND��)LJ����F��WR�IRUPLQJ�ILYH�FRQVLVWHQW�����

SHDNV�WKDW�DUH�HYHQO\�GLVWULEXWHG�DQG�VLPLODU�LQ�VL]H��L�H��FD����������ND��)LJ������

��F���UHIOHFWLQJ�WKH�FKDQJH�LQ�IDXOW�SRODULW\�ULIW�V\PPHWU\��)LJ�������6LQFH�FD����������

ND�WKHUH�DUH�D�VPDOOHU�QXPEHU�RI�SHDNV�LQ�WKH�SURILOHV�RI�PD[LPXP�VHGLPHQW�����

UDWH�WKDW�HYHQWXDOO\�IRUP�D�EURDG�EHOO�FXUYHG�SURILOH�ZLWK�D�FHQWUDO�SHDN�DW�����



�������P��870�FRRUGLQDWHV��)LJ����G���UHSUHVHQWLQJ�WKH�JURZWK�DQG�OLQNDJH�RI�����

WKH�IDXOWV�DQG�GHSRFHQWUHV��)LJ����������

�����

�����

��� 6XPPDU\�RI�&RULQWK�5LIW�HYROXWLRQ�IURP�LQFHSWLRQ�FD����0D�WR�����

SUHVHQW�����

�����

7KH�RQVKRUH�VWUDWLJUDSKLF�PRGHO�RI�/RZHU��0LGGOH��DQG�8SSHU�JURXSV�>Rohais et ����

al���������Ford et al���������Leeder et al�������@��LV�ZLGHO\�XVHG��EXW�OLPLWHG�����

GDWDEOH�PDWHULDO�PHDQV�WKDW�WKHUH�DUH�QR�DEVROXWH�DJHV�IRU�WKH�ERXQGDULHV�����

EHWZHHQ�WKH�JURXSV�DQG�GLVFUHSDQFLHV�H[LVW�EHWZHHQ�VWXGLHV���7KHUHIRUH��ZH�����

XVH�D�UDQJH�RI�DJHV�IRU�HDFK�JURXS�WKDW�HQFRPSDVV�WKHVH�DJH�HVWLPDWHV��7DEOH�����

���DQG�DSSO\�WKH�EURDG�FKURQRORJ\�WR�WKH�UHVW�RI�WKH�RQVKRUH�ULIW������

2XU�SURSRVHG�DJHV�IRU�VHLVPLF�VWUDWLJUDSKLF�XQLWV�68���FD��������0D�WR�����0D������

DQG�68���FD������0D�WR�SUHVHQW��FKURQRORJLFDOO\�FRUUHVSRQG�ZLWK�WKH�DJH�����

HVWLPDWHV�IRU�WKH�0LGGOH�*URXS��FD����������0D�WR����������0D��DQG�8SSHU�����

*URXS��FD�����������0D�WR�SUHVHQW���UHVSHFWLYHO\�>7DEOH����Rohais et al�������������

Leeder et al.,�������Ford et al�������@��&RPELQHG�ZLWK�QHZ�LQVLJKWV�RI�RIIVKRUH�����

IDXOW�DFWLYLW\��DQG�SUHYLRXVO\�SXEOLVKHG�RQVKRUH�IDXOW�DFWLYLW\�WKLV�FRUUHODWLRQ�����

DOORZV�XV�WR�UHILQH�WKH�JHQHUDO�HYROXWLRQ�RI�WKH�&RULQWK�5LIW�RYHU�WKH�ODVW�FD��������

0\U��)LJ�����������

�����

Late Pliocene to Early Pleistocene (ca. 4 Ma to 2.5-1.8 Ma)  ����



7KH�HDUOLHVW�V\Q�ULIW�VHGLPHQWV�>FD��������0D��Rohais et al�������@��ZLWKLQ�WKH�����

/RZHU�*URXS��RFFXUUHG�RQVKRUH�DQG�ZHUH�GHSRVLWHG�LQ�D�ULIW�ZLWK�GLVWULEXWHG�����

IDXOWLQJ�DQG�VLJQLILFDQW�LQKHULWHG�UHOLHI�>Collier and Jones��������Ford et al.������

������������Rohais et al.������@��7KH�PDMRULW\�RI�WKH�/RZHU�*URXS�VHGLPHQWV�����

�)LJ����D��ZHUH�GHILQHG�E\��D�VHULHV�RI�1�GLSSLQJ�IDXOWV��LQFOXGLQJ�WKH�����

'KHPHVWLFKD�DQG�.DODYU\WD�)DXOWV��DQG�SRVVLEO\�D�EXULHG�6�GLSSLQJ�IDXOW�LQ�WKH�����

ZHVWHUQ�ULIW�>Ford et al���������:RRG�HW�DO�������@��WKH�.HOOLQL�)DXOW�DQG�WKH�����

.RXWVD�)DXOW�;\ORNDVWUR�+RUVW�EORFN�LQ�WKH�FHQWUDO�ULIW�>Leeder et al�������������

����@��DQG�WKH�.OHQLD�)DXOW�DQG�/RXWUDNL�/HFKDLRQ�)DXOWV�LQ�WKH�HDVWHUQ�ULIW������

ZKLFK�PDUNHG�WKH�QRUWKHUQ�PDUJLQ�RI�WKH�&RULQWK�1HPHD�EDVLQ�>Collier and ����

Dart��������Charalampakis et al�������@��2XU�DJH�FRUUHODWLRQ�VXJJHVWV�WKDW�WKH�����

/RZHU�*URXS�VHGLPHQWV�DUH�PLQLPDO�DEVHQW�RIIVKRUH�VXJJHVWLQJ�OLWWOH�RU�QR�����

GHIRUPDWLRQ�DQG�DVVRFLDWHG�VXEVLGHQFH�WKHUH�EHIRUH�FD����0D�>Bell et al�������@������

KRZHYHU�WKLV�FDQQRW�EH�FRQILUPHG�ZLWKRXW�GLUHFW�VDPSOLQJ���,Q�WKH�$ON\RQLGHV�����

*XOI�WKH�RQVKRUH�V\Q�ULIW�VHGLPHQWV�IRUPHG�LQ�WKH�1:�6(�WUHQGLQJ�0HJDUD�����

EDVLQ�DW�WKLV�WLPH�>Leeder et al�������@�DQG�HTXLYDOHQW�VHGLPHQWV�DUH�OLNHO\�LQ�WKH�����

EDVH�RI�WKH�HDVWHUQ�$ON\RQLGHV�EDVLQ�HLWKHU�IDXOW�ERXQG�RU�LQILOOLQJ�SUH�H[LVLWQJ�����

EDVHPHQW�WRSRJUDSK\�>Sakellariou et al�������@������

�����

Early Pleistocene to Late Pleistocene (ca. 2.5-1.8 Ma to ca. 0.6 Ma) ����

'HIRUPDWLRQ�PLJUDWHG�QRUWKZDUGV�>Leeder et al���������Ford et al�������@�DQG�����

EHFDPH�PRUH�IRFXVHG�RQWR�LQGLYLGXDO�1��DQG�6�GLSSLQJ�IDXOWV�GXULQJ�GHSRVLWLRQ�����

RI�WKH�0LGGOH�*URXS�>Ford et al.��������Rohais et al.��������Bell et al.������@��$�����

PDMRU�GHSRFHQWUH�LQ�WKH�ZHVWHUQ�ULIW�ZDV�ERXQG�E\�WKH�RQVKRUH�3\UJDNL�����

0DPRXVVLD�)DXOW�DORQJ�WKH�VRXWKHUQ�PDUJLQ�DQG�FRQWUROOHG�E\�WKH�RIIVKRUH�����



*DOD[LGL�)DXOW�>)LJ����E��Ford et al�������@��,Q�WKH�FHQWUDO�ULIW��RXU�GDWD�LQGLFDWH�����

PLQLPDO�VHGLPHQWDWLRQ�RIIVKRUH�;\ORNDVWUR�DW�WKLV�WLPH��OLNHO\�GXH�WR�WKH�RQVKRUH�����

;\ORNDVWUR�+RUVW�%ORFN�FRQILQLQJ�*LOEHUW�IDQ�GHOWD�GHSRVLWV�WR�WKH�VRXWK�>)LJ������

��E��Leeder et al�������@��'HIRUPDWLRQ�ZDV�DSSDUHQWO\�DFFRPPRGDWHG�E\�D�����

QXPEHU�RI�6�GLSSLQJ�IDXOWV��LQFOXGLQJ�WKH�+HUDLRQ�)DXOW��LQ�WKH�HDVWHUQ�ULIW�>)LJ������

��E��Charalampakis et al�������@��,Q�WKH�0HJDUD�EDVLQ��GHIRUPDWLRQ�FHDVHG�DQG�����

WUDQVIHUUHG�QRUWK�ZHVW�WR�WKH�$ON\RQLGHV�*XOI�EHWZHHQ�FD����������0D�ZLWK�����

LQLWLDWLRQ�RI�1��WR�1:�GLSSLQJ�IDXOWV�RQ�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�$ON\RQLGHV�����

*XOI�>Leeder et al�������@������

�����

Late Quaternary (ca. 0.6 Ma to present) ����

7KH�ULIW�PLJUDWHG�IXUWKHU�QRUWK�ZLWK�WKH�PDMRULW\�RI�8SSHU�*URXS�VHGLPHQWV�����

GHSRVLWHG�LQ�WKH�PRGHUQ�RIIVKRUH�ULIW��)LJV�����F�DQG�G���0DMRU�6�GLSSLQJ�IDXOWV�����

�L�H��*DOD[LGL�)DXOW��GHFUHDVHG�LQ�DFWLYLW\�EHWZHHQ�FD����������ND�DQG�����

GHSRFHQWUHV�EHFDPH�IRFXVHG�DORQJ�WKH�VRXWKHUQ�PDUJLQ��)LJ����F����7KH�����

ZHVWHUQ�ULIW�LV�DQ�H[FHSWLRQ�EHFDXVH�RI�DFWLYDWLRQ�RI�WKH�WKH�1��DQG�6�GLSSLQJ�����

(UDWLQL�)DXOWV�>McNeill et al��������Bell et al�������������@��ZKHUHDV�GHIRUPDWLRQ�����

LQ�WKH�FHQWUDO�ULIW�EHFDPH�IRFXVHG�RQ�WKH�1�GLSSLQJ�'HUYHQL��/\NRSRULD�DQG�����

;\ORNDVWUR�)DXOWV���7KH�HDVWHUQ�ULIW�ZDV�FKDUDFWHULVHG�E\�QXPHURXV�KRUVW�EORFNV�����

DV�WKH�1�GLSSLQJ�3HUDFKRUD�)DXOW�DOVR�EHFDPH�PRUH�DFWLYH��6LQFH�FD������N\U������

WKH�PDMRU�1�GLSSLQJ�IDXOWV��VXFK�DV�WKH�(OLNL��'HUYHQL��/\NRSRULD��;\ORNDVWUR�DQG�����

3HUDFKRUD�)DXOWV��KDYH�LQFUHDVHG�LQ�DFWLYLW\�WR�FRQWURO�D�VLQJOH�PDMRU�����

GHSRFHQWUH�DORQJ�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�*XOI�RI�&RULQWK���,Q�FRQWUDVW������

GHIRUPDWLRQ�RI�WKH�QRUWKHUQ�PDUJLQ�LV�QRZ�WDNHQ�XS�E\�QXPHURXV�GLVWULEXWHG�6�����

GLSSLQJ�IDXOWV��)LJ����G���,Q�WKH�$ON\RQLGHV�*XOI��GHIRUPDWLRQ�KDV�EHFRPH�����



IRFXVHG�RQ�WKH�1�GLSSQJ�(DVW�$ON\RQLGHV�)DXOW��DQG�WKH�+HUDLRQ�)DXOW�����

FRQWLQXHV�WR�FRQWURO�GHSRVLWLRQ�LQ�WKH�/HFKDLRQ�*XOI��������

�����

��� 'LVFXVVLRQ�����

7KLV�LV�RQH�RI�WKH�ILUVW�VWXGLHV�RI�LWV�NLQG�WR�ORRN�DW�NH\�ULIW�HYROXWLRQDU\�����

SURFHVVHV�VXFK�DV�ULIW�JHRPHWU\�HYROXWLRQ��GHSRFHQWUH�GHYHORSPHQW�DQG�IDXOW�����

OLQNDJH�DW�VXFK�XQSUHFHGHQWHG�UHVROXWLRQV��a����N\U�DQG�a��NP��DFURVV�DQ�����

HQWLUH�ULIW��DQG�FDQ�QRZ�EH�FRPSDUHG�ZLWK�GLIIHUHQW�PRGHOV�RI�ULIW�GHYHORSPHQW�����

DQG�ZLWK�PRUH�PDWXUH�ULIW�V\VWHPV������

�����

Rapid changes in fault polarity and rift symmetry  ����

7KH�GHYHORSPHQW�RI�DV\PPHWU\�LQ�D�ULIW�]RQH�LV�UHODWLYHO\�FRPPRQ��IRU�H[DPSOH�����

LQ�PXFK�RI�WKH�(DVW�$IULFDQ�ULIW�]RQH�>Ebinger and Scholz������@���0DQ\�VWXGLHV�����

KDYH�GRFXPHQWHG�VSDWLDO�YDULDELOLW\�LQ�IDXOW�SRODULW\�DQG�ULIW�V\PPHWU\�ZLWKLQ�ULIWV������

LQFOXGLQJ�WKH�*XOI�RI�6XH]�>Patton et al.��������Bosworth et al.������@��(DVW�����

$IULFD�>Rosendahl, ������Hayward and Ebinger������@��WKH�QRZ�LQDFWLYH�1RUWK�����

6HD�>Cowie et al.������@�DV�ZHOO�DV�IXOO\�HYROYHG�SDVVLYH�PDUJLQ�VHWWLQJV�����

>Mohammed et al., ����@���0RGHOV�LQGLFDWH�WKDW�ULIW�GHYHORSPHQW�VKRXOG�EH�����

VSDWLDOO\�DQG�WHPSRUDOO\�YDULDEOH�GXH�WR�YDULDWLRQV�LQ�IDXOW�WLPLQJ�DQG�DFWLYLW\������

ZLWK�ULIWV�GHYHORSLQJ�IURP�QXPHURXV�LVRODWHG�EDVLQV�WR�D�VLQJOH�ODWHUDOO\�����

FRQWLQXRXV�KDOI�JUDEHQ�>H�J��Cowie et al�������@��6XFK�PRGHOV�VKRZ�D�����

FRQVLVWHQW�GRPLQDQW�IDXOW�SRODULW\�WKURXJKRXW�ULIW�GHYHORSPHQW��+RZHYHU��RXU�����

REVHUYDWLRQV�IURP�WKH�RIIVKRUH�&RULQWK�5LIW�LQGLFDWH�D�VSDWLDOO\�FRPSOH[�ULIW�]RQH�����



ZLWK�ERWK�1��DQG�6�GLSSLQJ�IDXOWV�GRPLQDWLQJ�DW�GLIIHUHQW�WLPHV��EHIRUH�IRUPLQJ�D�����

XQLIRUP�DV\PPHWULF�ULIW�FRQWUROOHG�E\�1�GLSSLQJ�IDXOWV��)LJV�������DQG�����������

)RU�WKH�ILUVW�WLPH�ZH�FDQ�FRQVWUDLQ�WKH�UDWH�RI�SRODULW\�DQG�V\PPHWU\�FKDQJH�����

ZLWKLQ�D�ULIW�DQG�GHWHUPLQH�WKH�GLVFUHWH�WLPH�LQWHUYDO�IRU�WKLV�SURFHVV�LQ�SDUWV�RI�����

WKH�ULIW���:H�VKRZ�WKDW�WKLV�LV�D�UDSLG�EXW�SURJUHVVLYH��UDWKHU�WKDQ�LQVWDQWDQHRXV������

SURFHVV��WDNLQJ�SODFH�RYHU�D�WLPH�LQWHUYDO�DV�VPDOO�DV�����N\U���7KH�WUDQVLWLRQ�WR�����

D�PRUH�VLPSOH�DV\PPHWULF�ULIW�LV�FKDUDFWHUL]HG�E\�D�GHFUHDVH�LQ�DFWLYLW\�DQG�����

GHDWK�RI�PDMRU�6�GLSSLQJ�IDXOWV�DV�VWUDLQ�LV�WUDQVIHUUHG�RQWR�PDMRU�1�GLSSLQJ�����

IDXOWV���)RU�H[DPSOH��LQ�WKH�&HQWUDO�:HVW�'RPDLQ�RI�WKH�ULIW��VWUDLQ�WUDQVIHUV�IURP�����

WKH�*DOD[LGL�)DXOW�WR�WKH�'HUYHQL�)DXOW��)LJ��E����D���E����7KH�GHFUHDVH�LQ�����

DFWLYLW\�RI�PDMRU�6�GLSSLQJ�IDXOWV�UHVXOWV�LQ�WKH�ORFDO�XQFRQIRUPLW\�REVHUYHG�����

ZLWKLQ�WKHLU�IRRWZDOO�EORFNV�LQ�WKH�ZHVWHUQ�ULIW�DW�FD������N\U��H�J��)LJ���D����$Q�����

DFFRPPRGDWLRQ�]RQH�RI�QXPHURXV�FRQMXJDWH�PLQRU�IDXOWV�IRUPV�DURXQG�D�SLYRW�����

SRLQW�LQ�WKH�ULIW�D[LV�DW�WKLV�WLPH�RI�SRODULW\�V\PPHWU\�FKDQJH��)LJ���E���6LPLODU�����

FRQMXJDWH�]RQHV�RI�GLVWULEXWHG�GHIRUPDWLRQ�KDYH�EHHQ�GRFXPHQWHG�DQG�DUH�����

WKRXJKW�WR�VKRZ�LQWHUDFWLRQ�EHWZHHQ�GRPDLQV�RI�GLIIHULQJ�IDXOW�SRODULW\�>H�J������

Nelson et al., ������Fossen and Hesthammer��������Kornsawan and Morley, ����

������Schlische and Withjack��������Nixon et al., ����@���7KH�SRODULW\�FKDQJH�����

DFURVV�WKH�ULIW�UHVXOWV�LQ�QRUWK�WR�VRXWK�PLJUDWLRQ�RI�GHSRFHQWUHV��)LJ��������������

WRZDUGV�WKH�VRXWKHUQ�PDUJLQ�DQG�WKH�KDQJLQJ�ZDOOV�RI�WKH�PDMRU�ULIW�ERUGHU�IDXOWV�����

�)LJV��������E�������

$OWKRXJK�DV\PPHWU\�ZLWKLQ�WKH�ULIW�GHYHORSV�RYHU�D�SDUWLFXODU�SHULRG��WKH�����

UHVROXWLRQ�RI�RXU�GDWDVHW�DOORZV�XV�WR�GHWHUPLQH�WKDW�DV\PPHWU\�GRHV�QRW�����

GHYHORS�V\QFKURQRXVO\�DORQJ�VWULNH��)LJ�����7DEOH������0DMRU�1�GLSSLQJ�IDXOWV�����

KDYH�GRPLQDWHG�LQ�WKH�&HQWUDO�(DVW�DQG�(DVW�'RPDLQV�VLQFH�FD������ND�IRUPLQJ�����



6�WKLFNHQLQJ�KDOI�JUDEHQ��)LJV���F�DQG��G��7DEOH�����ZKHUHDV�GHIRUPDWLRQ�LQ�WKH�����

&HQWUDO�:HVW�'RPDLQ�DQG�WKH�$ON\RQLGHV�ZDV�QRW�GRPLQDWHG�E\�1�GLSSLQJ�����

IDXOWV�XQWLO�FD������ND��)LJ���E�DQG��H��7DEOH������7KH�:HVW�'RPDLQ�LV�VWLOO�����

VWUXFWXUDOO\�FRPSOH[�ZLWK�D�V\PPHWULFDO�JUDEHQ�FRQWUROOHG�E\�ERWK�1��DQG�6�����

GLSSLQJ�IDXOWV��)LJ���D��7DEOH������3RVVLEOH�OLQNV�EHWZHHQ�:HVW�'RPDLQ�VWUXFWXUH�����

DQG�SUH�H[LVWLQJ�EDVHPHQW�VWUXFWXUH�DQG�FRPSRVLWLRQ�DUH�GLVFXVVHG�EHORZ������

�����

Timescales of growth and linkage of the rift border fault system ����

%RUGHU�IDXOW�V\VWHPV�DUH�FRPPRQ�LQ�PRVW�ULIW�V\VWHPV�>H�J��Ebinger������������

Schlische������@��KRZHYHU��WKH�WLPHVFDOHV�RI�WKHLU�GHYHORSPHQW�DUH�QRW�ZHOO�����

XQGHUVWRRG���,Q�WKH�&RULQWK�5LIW��ZH�FDQ�QRZ�FRQVWUDLQ�WKHVH�WLPHVFDOHV��7KH�����

VRXWKHUQ�PDUJLQ�RI�WKH�PRGHUQ�&RULQWK�5LIW�LV�FKDUDFWHUL]HG�E\�QXPHURXV�ULJKW�����

VWHSSLQJ�HQ�HFKHORQ�1�GLSSLQJ�IDXOWV�WKDW�PDNH�XS�WKH�ERUGHU�IDXOW�V\VWHP��)LJ������

�����6PDOO�DQG�SDUWLDOO\�OLQNHG�GHSRFHQWUHV�IRUP�LQ�WKH�KDQJLQJ�ZDOO�RI�PDQ\�RI�����

WKHVH�IDXOWV�E\�FD������ND��)LJV����DQG������2YHU�WLPH�WKHVH�GHSRFHQWUHV�VKRZ�����

GLDFKURQRXV�JURZWK�LQ�VL]H�DQG�WKLFNQHVV��)LJ���E��HYHQWXDOO\�PHUJLQJ�WR�IRUP�D�����

VLQJOH�ODUJH�GHSRFHQWUH��)LJ���F����6LPLODU�V\Q�ULIW�VHGLPHQW�GLVWULEXWLRQV�KDYH�����

EHHQ�VHHQ�LQ�D�QXPEHU�RI�ULIW�EDVLQV�UHFRUGLQJ�WKH�JURZWK�DQG�OLQNDJH�RI�ULIW�IDXOW�����

V\VWHPV�>H�J��Schlische��������Gupta et al.��������Morley, ������Contreras et ����

al.��������Wilson et al.������@��EXW�DW�ORZHU�UHVROXWLRQV�DQG�ZLWK�OHVV�SUHFLVH�����

FKURQRVWUDWLJUDSKLF�IUDPHZRUNV�WKDQ�SUHVHQWHG�KHUH������

7KH�SURILOHV�RI�PD[LPXP�VHGLPHQW�DFFXPXODWLRQ�UDWH��)LJV����F�DQG�G��UHIOHFW�����

KDQJLQJ�ZDOO�VXEVLGHQFH�SDWWHUQV�RI�WKH�PDMRU�1�GLSSLQJ�IDXOWV�DORQJ�WKH�����

VRXWKHUQ�ULIW�PDUJLQ���,QLWLDO�DORQJ�VWULNH�YDULDWLRQV�LQ�VXEVLGHQFH�HYROYH�WR�D�����



FHQWUHG�EXW�IODWWHQHG�EHOO�FXUYH�GLVWULEXWLRQ��)LJ����G���FRQVLVWHQW�ZLWK�����

DFFXPXODWLRQ�RI�GLVSODFHPHQW�RQ�FRDOHVFLQJ�IDXOW�VHJPHQWV�WKDW�IRUP�D�����

NLQHPDWLFDOO\�FRKHUHQW�IDXOW�V\VWHP�VHHQ�LQ�RWKHU�H[WHQVLRQDO�V\VWHPV�>)LJ����E�����

DQG�F��H�J��Peacock and Sanderson��������Dawers and Anders��������Gupta ����

and Scholz��������Walsh et al.������D��Taylor et al.������@���+HQFH��WKH�����

LQGLYLGXDO�HQ�HFKHORQ�1�GLSSLQJ�IDXOWV�DUH�OLNHO\�WR�EH�OLQNHG�DW�GHSWK�DORQJ�WKH�����

HQWLUH�*XOI�RI�&RULQWK��EXW�GLVFRQQHFWHG�IURP�WKH�$ONRQLGHV�*XOI����7KH�JURZWK�����

DQG�OLQNDJH�RI�GLVFUHWH�GHSRFHQWUHV��LQFUHDVLQJ�LQ�OHQJWK�E\�a���P�N\U������

VXJJHVWV�LQGLYLGXDO�IDXOWV�LQLWLDOO\�JUHZ�E\�UDSLG�WLS�SURSDJDWLRQ�EHIRUH�EUHDFKLQJ�����

RI�UHOD\�]RQHV�GXULQJ�VHJPHQW�OLQNDJH��)LJ����E�DQG�F����7KHVH�REVHUYDWLRQV�DUH�����

FRQVLVWHQW�ZLWK�REVHUYDWLRQV�E\�Hemelsdaël and Ford�>����@�ZKR�VKRZ�����

HYLGHQFH�IRU�IDXOW�SURSDJDWLRQ�DQG�OLQNDJH�RI�WKH�(DVW�(OLNL�DQG�'HUYHQL�)DXOWV�����

DW�WKH�$NUDWD�UHOD\�]RQH�FD����������ND��7KLV�PRGHO�RI�IDXOW�JURZWK�E\�����

SURSDJDWLRQ�DQG�VHJPHQW�OLQNDJH�LV�DW�YDULDQFH�ZLWK�LQVWDQWDQHRXV�IDXOW�JURZWK�����

PRGHOV�ZKHUH�IDXOWV�PDLQWDLQ�D�FRQVWDQW�OHQJWK�DQG�GR�QRW�SURSDJDWH�DV�����

GLVSODFHPHQW�EXLOGV�>H�J��Childs et al.,�������Walsh et al.��������Paton et al., ����

����@������

$OWKRXJK�WKH�IDXOW�DQG�GHSRFHQWUH�OLQNDJH�LV�D�SURJUHVVLYH�SURFHVV��LW�RFFXUUHG�����

UDSLGO\�DQG�V\QFKURQRXVO\�DORQJ�VWULNH�RYHU�D�UHODWLYHO\�VKRUW���������N\U�WLPH�����

LQWHUYDO��)LJ��������6LPLODU�WLPH�VFDOHV�RI�VHJPHQW�OLQNDJH�DUH�VHHQ�RQ�WKH�����

5DQJLWDLNL�)DXOW�LQ�WKH�:KDNDWDQH�*UDEHQ��ZKLFK�KDV�HYROYHG�IURP�LVRODWHG�����

IDXOW�VHJPHQWV�WR�D�VLQJOH�FRKHUHQW�IDXOW�V\VWHP�RYHU�D�SHULRG�RI�FD������N\U�����

>Taylor et al.��������Bull et al.��������Nixon et al.������@��7KH�UDSLG�OLQNDJH�DQG�����

HVWDEOLVKPHQW�RI�D�FRKHUHQW�ERUGHU�IDXOW�V\VWHP�LV�DWWULEXWHG�WR�ORFDOL]DWLRQ�RI�����

GHIRUPDWLRQ��D�FRPPRQ�REVHUYDWLRQ�RI�RWKHU�ULIW�IDXOW�V\VWHPV�>H�J��Morley, ����



������Gawthorpe et al.��������Walsh et al.������E��Cowie et al.��������Soliva ����

and Schultz������@�EXW�UDUHO\�TXDQWLILHG������

�����

Controls on migration, localization and along-strike variations in rift ����

development ����

5LIW�PLJUDWLRQ�� ORFDOL]DWLRQ� RI� GHIRUPDWLRQ� DQG� HYROXWLRQ� WRZDUGV� D� VLPSOHU� ULIW�����

VWUXFWXUH� DUH� VLJQLILFDQW� SURFHVVHV� LQ� HVWDEOLVKLQJ� WKH� &RULQWK� 5LIW� VWUXFWXUH�������

7KH�IROORZLQJ�VHTXHQWLDO�HYROXWLRQDU\�VWDJHV�DUH�LGHQWLILHG��VHH�)LJ�����������

��� 0DMRU�QRUWKZDUG�PLJUDWLRQ�RI�WKH�ULIW��)LJ����D�WR�E�������

��� 0LQRU�QRUWKZDUG�PLJUDWLRQ�RI�WKH�ULIW�DQG�D�PDMRU�FKDQJH�LQ�ULIW�V\PPHWU\�����

WRZDUGV�DV\PPHWU\�DQG�GHYHORSPHQW�RI�WKH�ERUGHU�IDXOW�V\VWHP��)LJ����E�����

WR�F�������

��� 5DSLG� OLQNDJH�DQG�HVWDEOLVKPHQW�RI�D�FRKHUHQW�ERUGHU� IDXOW�V\VWHP�DQG�����

DVVRFLDWHG� GHSRFHQWUHV�� DQG� ORFDOL]DWLRQ� RI� VWUDLQ� RQWR� WKH� ERUGHU� IDXOW�����

V\VWHP��)LJ����F�WR�G�������

7KH�QRUWKZDUG�PLJUDWLRQ�RI�WKH�ULIW�LV�VXVWDLQHG�E\�VHTXHQWLDO�IDXOW�DFWLYLW\�RQ�����

ERWK�PDUJLQV��Ford et al��>����@�LOOXVWUDWHG�WKLV�IRU�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�����

ZHVWHUQ�&RULQWK�5LIW�ZLWK�PLJUDWLRQ�EHWZHHQ�1�GLSSLQJ�IDXOWV��L�H��.DODYU\WD�)DXOW�����

WR�WKH�(OLNL�)DXOW��)LJ���D���F����6LPLODU�REVHUYDWLRQV�DUH�VHHQ�DW�D�QXPEHU�RI�����

PDUJLQV�LQFOXGLQJ�,EHULD�DQG�1DPLELD�>Ranero and Pérez-Gussinyé, ����������

Mohammed et al.,�����@��)RU�H[DPSOH��DW�WKH�,EHULDQ�PDUJLQ�EULWWOH�GHIRUPDWLRQ�����

LV�DFFRPPRGDWHG�E\�VHTXHQWLDOO\�DFWLYH�IDXOWV�WKDW�\RXQJ�DQG�GLS�RFHDQZDUG�����

>H�J��Wilson et al.��������Ranero and Pérez-Gussinyé������@���0DQDWVFKDO�DQG�����

%HUQRXOOL�>����@�SURSRVH�WKDW�PDUJLQ�PLJUDWLRQ�LV�GULYHQ�E\�OLWKRVSKHULF�FRROLQJ�����

DQG�VWUHQJWKHQLQJ�GXULQJ�ULIWLQJ���0RUH�UHFHQW�WKHUPR�PHFKDQLFDO�PRGHOV�����



VXJJHVW�WKDW�ULIW�PLJUDWLRQ�LV�FRQWUROOHG�E\�ORZHU�FUXVWDO�IORZ�DQG�WKDW�WKH�H[WHQW�����

RI�PLJUDWLRQ�LV�D�IXQFWLRQ�RI�FUXVWDO�UKHRORJ\��VWUDLQ�VRIWHQLQJ�DQG�LQLWLDO�WKHUPDO�����

VWUXFWXUH�>Brune et al.������@���,Q�&RULQWK��WKLV�HDUO\�PLJUDWLRQ�SURFHVV�PD\�DOVR�����

EH�OLQNHG�WR�WKH�G\QDPLFV�RI�WKH�XQGHUO\LQJ�VXEGXFWLQJ�SODWH�>H�J��Tiberi et al.������

������Le Pourhiet et al.��������Leeder et al.������@��KRZHYHU�WKHVH�RWKHU�PDUJLQ�����

H[DPSOHV�GHPRQVWUDWH�WKH�SURFHVV�RI�PLJUDWLRQ�FDQ�EH�SDUW�RI�WKH�LQWULQVLF�����

ULIWLQJ�SURFHVV������

/RFDOL]DWLRQ�RI�GHIRUPDWLRQ�LV�FRQVLVWHQW�ZLWK�ERWK�PRGHOOLQJ�UHVXOWV�>H�J��Behn ����

et al���������Huismans and Beaumont������@�DQG�RWKHU�ULIW�H[DPSOHV��LQFOXGLQJ�����

WKH�*XOI�RI�6XH]�DQG�QRUWKHUQ�1RUWK�6HD�>H�J��Gawthorpe et al���������Cowie et ����

al�������@���+RZHYHU��WKHVH�VWXGLHV�WHQG�WR�REVHUYH�PLJUDWLRQ�RI�IDXOW�DFWLYLW\�����

DQG�ORFDOL]DWLRQ�WRZDUGV�WKH�ULIW�D[LV�UHVXOWLQJ�LQ�VLJQLILFDQW�ULIW�QDUURZLQJ��,Q�����

&RULQWK��D�QDUURZLQJ�RI�WKH�ULIW�LV�QRW�REVHUYHG�WKURXJK�WLPH�DV�LQGLFDWHG�E\�WKH�����

ZHOO�FRQVWUDLQHG�GLVWULEXWLRQ�RI�V\Q�ULIW�VHGLPHQWV�>LOOXVWUDWHG�LQ�)LJ������Ford et ����

al.,�����@���,QVWHDG�IDXOW�DFWLYLW\��DOWKRXJK�UHODWLYHO\�PLQRU��LV�PDLQWDLQHG�DZD\�����

IURP�WKH�]RQH�RI�ORFDOL]DWLRQ��WKH�VRXWKHUQ�PDUJLQ�ERUGHU�IDXOW�V\VWHP��DV�ERWK�����

VRXWKHUQ�DQG�QRUWKHUQ�PDUJLQV�PLJUDWH�QRUWKZDUGV���/LWKRVSKHULF�VFDOH�����

QXPHULFDO�PRGHOV�VXJJHVW�WKDW�ULIW�QDUURZLQJ�LV�FDXVHG�E\�LQFUHDVLQJ�����

JHRWKHUPDO�JUDGLHQWV�DVVRFLDWHG�ZLWK�OLWKRVSKHUH�WKLQQLQJ�>Behn et al�������@������

DQG�RU�IULFWLRQDO�SODVWLF�VWUDLQ�VRIWHQLQJ�ORFDOL]LQJ�RQ�LQKHULWHG�ZHDNQHVVHV�����

>Huismans and Beaumont������@���7KH�DEVHQFH�RI�ULIW�QDUURZLQJ�VXJJHVWV�WKDW�����

WKHVH�SURFHVVHV�DUH�QRW��\HW"��GRPLQDQW�LQ�WKH�&RULQWK�5LIW��ZKLFK�PDLQWDLQV�D�����

QDUURZ�ULIW�]RQH��������NP�ZLGH��WKURXJKRXW�LWV�KLVWRU\�LQGLFDWLYH�RI�UHODWLYHO\�����

ORZ�WHPSHUDWXUHV�DQG�D�FRQVHTXHQWO\�VWURQJ�OLWKRVSKHUH�UKHRORJ\�>H�J��Buck������

������Brun������@�������



'HVSLWH�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQV�LQ�ULIW�JHRPHWU\�DQG�SRVLWLRQ�RYHU�WKH�����

ODVW�FD����0D��WKH�&RULQWK�5LIW�KDV�FOHDUO\�HYROYHG�WRZDUGV�D�XQLIRUP�DV\PPHWULF�����

ULIW�ZLWK�GHIRUPDWLRQ�ORFDOL]HG�RQWR�D�IHZ�PDMRU�1�GLSSLQJ�IDXOWV���7KH�:HVW�����

'RPDLQ�LV�WKH�H[FHSWLRQ�ZLWK�VWUDLQ�VWLOO�GLVWULEXWHG�DFURVV�QXPHURXV�1��DQG�6�����

GLSSLQJ�IDXOWV�DQG�D�FRQWUDVWLQJ�HYROXWLRQ�RI�VWUDLQ�UDWH�UHODWLYH�WR�WKH�UHVW�RI�WKH�����

ULIW�ZLWK�SUHVHQW�GD\�H[WHQVLRQDO�VWUDLQ�KLJK�LQ�WKH�ZHVW�EXW�UHODWLYHO\�ORZ�LQ�WKH�����

SDVW�>H�J���Bell et al������@��9DULDWLRQV�LQ�ULIW�GHYHORSPHQW�FDQ�EH�FDXVHG�E\�����

GLIIHUHQFHV�LQ�XQGHUO\LQJ�EDVHPHQW�VWUXFWXUH�DQG�FRPSRVLWLRQ�WKURXJK�ERWK�����

UHDFWLYDWLRQ�RI�SUH�H[LVWLQJ�VWUXFWXUHV�>H�J��Paton et al.������@��RU�SHUYDVLYH�����

VWUHQJWK�DQLVRWURS\�GHIOHFWLQJ�WKH�ORFDO�VWUHVV�ILHOG�DQG�DIIHFWLQJ�IDXOW�JHRPHWU\�����

>H�J��Morley��������Corti et al.������@��,Q�&RULQWK��FUXVWDO�WKLFNQHVV�DQG�����

EDVHPHQW�FRPSRVLWLRQ�VWUXFWXUH�YDU\�IURP�HDVW�WR�ZHVW�DFURVV�WKH�+HOOHQLGH�����

IROG�WKUXVW�EHOW�WKDW�WUHQGV�11:�66(�DFURVV�WKH�&RULQWK�5LIW�>H�J��Skourtsos and ����

Kranis������@���,Q�WKH�&HQWUDO�(DVW�DQG�(DVW�'RPDLQV��)LJ������DQ�(6(�VWUXFWXUDO�����

IDEULF�H[LVWV�ZLWKLQ�WKH�3DUQDVVRV�QDSSH�SRWHQWLDOO\�SUH�FRQGLWLRQLQJ�WKH�����

EDVHPHQW�IRU�WKH�ORFDOL]DWLRQ�DQG�GHYHORSPHQW�RI�ODUJH�(�:�WUHQGLQJ�QRUPDO�����

IDXOWV�>Taylor et al�������@���+RZHYHU��LQ�WKH�&HQWUDO�:HVW�DQG�:HVW�'RPDLQV�����

�)LJ������WKH�3LQGRV�QDSSH�H[KLELWV�D�VWURQJ�11:�VWUXFWXUDO�IDEULF�WKDW�LV�KLJKO\�����

REOLTXH�WR�WKH�QRUPDO�IDXOW�WUHQGV��KHQFH��SRWHQWLDOO\�LQKLELWLQJ�IDXOW�JURZWK�DQG�����

IDYRXULQJ�VHJPHQWDWLRQ���7KLV�FRXOG�FRQWULEXWH�WR�WKH�VWUXFWXUDO�FRPSOH[LW\�DQG�����

DSSDUHQWO\�LPPDWXUH�ULIW�GHYHORSPHQW�LQ�WKH�:HVW�'RPDLQ�RI�WKH�*XOI�RI�&RULQWK�������

,Q�JHQHUDO��ULIW�PRGHOV�IDLO�WR�VKRZ�PDQ\�RI�WKH�SURFHVVHV�ZH�KDYH�REVHUYHG�LQ�����

WKH�&RULQWK�5LIW��SDUWLFXODUO\�WKH�VZLWFK�LQ�IDXOW�SRODULW\���7KLV�FRXOG�EH�D�UHVXOW�RI�����

WKH�WHPSRUDO�UHVROXWLRQ�RI�QXPHULFDO�PRGHOV�ZKLFK�DUH�W\SLFDOO\�RQ�0\U�����

WLPHVFDOHV�>H�J��Huismans and Beaumont��������%UXQH�HW�DO�������@�������



)XUWKHUPRUH��VRPH�RI�WKHVH�SURFHVVHV�FRXOG�EH�UHIOHFWLQJ�GULYLQJ�PHFKDQLVPV�����

DVVRFLDWHG�ZLWK�WKH�&RULQWK�5LIW��VXFK�DV�WKH�LQIOXHQFHV�RI�WKH�VXEGXFWLQJ�VODE�RU�����

QHDUE\�PDMRU�OLWKRVSKHULF�ERXQGDULHV��H�J��WKH�1RUWK�$QDWROLDQ�)DXOW��WKDW�ZRXOG�����

FKDQJH�VWUDLQ�ERXQGDU\�FRQGLWLRQV���6XFK�LQIOXHQFHV�RQ�ULIWLQJ�DUH�FRPPRQ�DQG�����

\HW�DUH�W\SLFDOO\�QRW�LQFRUSRUDWHG�LQWR�QXPHULFDO�PRGHOV��ZKLFK�XVH�VLPSOH�����

H[WHQVLRQDO�ERXQGDU\�FRQGLWLRQV��DQG�WKXV�VKRXOG�EH�FRQVLGHUHG�IRU�IXWXUH�����

PRGHOOLQJ�VFHQDULRV������

�����

��� &RQFOXVLRQV�����

8VLQJ�WKH�ODUJHVW�VHLVPLF�UHIOHFWLRQ�GDWDVHW�DYDLODEOH��ZH�KDYH�JHQHUDWHG�D�����

XQLILHG�VWUDWLJUDSKLF�DQG�VWUXFWXUDO�IUDPHZRUN�IRU�WKH�HQWLUH�RIIVKRUH�&RULQWK�5LIW������

:H�GRFXPHQW�YDULDWLRQV�LQ�ULIW�GHSRFHQWUH�GHYHORSPHQW�DQG�IDXOW�DFWLYLW\�DW�����

XQSUHFHGHQWHG�����N\U�WLPH�VFDOHV��SURGXFLQJ�D�KLJK�SUHFLVLRQ�KLVWRU\�RI�ULIW�����

HYROXWLRQ�RYHU�WKH�SDVW�FD����0\U������

7KH�PRVW�VLJQLILFDQW�VWUXFWXUDO�FKDQJH�LV�WKH�UDSLG�WUDQVLWLRQ�IURP�D�VWUXFWXUDOO\�����

FRPSOH[�ULIW�WR�D�SUHGRPLQDQWO\�DV\PPHWULF�ULIW�RYHU�D�����N\U�SHULRG��VWDUWLQJ�DW�����

FD������ND���6LQFH�FD������ND��WZR�SKDVHV�RI�RIIVKRUH�ULIW�GHYHORSPHQW�KDYH�����

GRPLQDWHG�����D�FKDQJH�LQ�ULIW�V\PPHWU\��DQG�WKHQ����SURJUHVVLYH�ORFDOL]DWLRQ�RI�����

GHIRUPDWLRQ��7KH�FKDQJH�LQ�ULIW�V\PPHWU\�LQYROYHG�UDSLG��a��������N\U�SHULRG������

\HW�SURJUHVVLYH�WUDQVIHU�RI�GHIRUPDWLRQ�IURP�6�GLSSLQJ�WR�1�GLSSLQJ�IDXOWV�����

FDXVLQJ�GHSRFHQWUH�PLJUDWLRQ�DQG�WKH�JHQHUDWLRQ�RI�D�EDVLQ�ZLGH�V\Q�ULIW�����

XQFRQIRUPLW\��'HSRFHQWUHV�GHYHORSLQJ�LQ�WKH�KDQJLQJ�ZDOOV�RI�WKH�1�GLSSLQJ�����

IDXOWV�JUHZ�ODWHUDOO\�DW�UDWHV�RI�a���P�N\U�DV�WKH�XQLIRUP�DV\PPHWULF�ULIW�EHFDPH�����

HVWDEOLVKHG�DW�FD������ND��*URZWK�DQG�OLQNDJH�RI�LQGLYLGXDO�1�GLSSLQJ�IDXOWV�����

FRQWUROOHG�GHSRFHQWUH�GHYHORSPHQW��DQG�D�FRKHUHQW��OLQNHG�ERUGHU�IDXOW�V\VWHP�����



ZDV�HVWDEOLVKHG�UDSLGO\��RYHU�D���������N\U�SHULRG��UHVXOWLQJ�LQ�D�VLQJOH�����

GHSRFHQWUH�E\�FD������ND�ZLWK�PD[LPXP�VHGLPHQW�DFFXPXODWLRQ�QRZ�LQ�WKH�����

FHQWUH�RI�WKH�ULIW������

7KLV�VWXG\�LOOXVWUDWHV�WKDW�VKLIWV�LQ�VWUDLQ�GLVWULEXWLRQ�ZLWKLQ�ULIWV�FDQ�RFFXU�UDSLGO\������

RQ�����N\U�WLPHVFDOHV��6WUDLQ�ORFDOL]DWLRQ�FDQ�EH�V\QFKURQRXV�WKURXJKRXW�D�ULIW�����

RQFH�D�XQLIRUP�DV\PPHWU\�KDV�EHHQ�HVWDEOLVKHG��DOORZLQJ�UDSLG�JURZWK�DQG�����

OLQNDJH�RI�IDXOWV�WR�IRUP�WKH�ULIW�ERUGHU�IDXOW�V\VWHP��7KLV�SURFHVV�LV�SURJUHVVLYH�����

DQG�FDQ�RFFXU�YHU\�HDUO\�LQ�D�ULIW¶V�KLVWRU\��LQ�WKLV�FDVH������0\U�LQWR�ULIW�KLVWRU\������

:H�VKRZ�WKDW�WKH�UDWH�RI�IDXOW�DQG�GHSRFHQWUH�OLQNDJH�FDQ�EH�PHDVXUHG�DW�YHU\�����

KLJK�WHPSRUDO��FD������N\U��DQG�VSDWLDO��FD����NP��UHVROXWLRQV��ZKHUH�VHGLPHQW�����

VXSSO\�LV�VXIILFLHQW��5LIW�PLJUDWLRQ��DQ�HYROXWLRQ�WRZDUGV�DV\PPHWU\�UDWKHU�WKDQ�����

V\PPHWU\�DQG�D�UDSLG�FKDQJH�LQ�GRPLQDQW�IDXOW�SRODULW\�ZLWKLQ�D�ULIW�DUH�QRW�����

W\SLFDOO\�JHQHUDWHG�LQ�VLPSOH�ULIW�PRGHOV��\HW�PD\�EH�D�VLJQLILFDQW�SDUW�RI�WKH�ULIW�����

HYROXWLRQ�SURFHVV������
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FRQVWUXFWLYH�UHYLHZV�RI�'RXJODV�3DWRQ��&KULV�0RUOH\�DQG�DQ�DQRQ\PRXV�����

UHYLHZHU���7KH�DXWKRUV�DUH�JUDWHIXO�WR�&LQG\�(ELQJHU�DQG�3DWLHQFH�&RZLH�IRU�����

WKHLU�KHOSIXO�FRPPHQWV�DQG�HQFRXUDJHPHQW���:H�DOVR�WKDQN�+&05�DQG�DOO�WKH�����

SDUWLFLSDQWV�RI�DQ�(&25'�IXQGHG�&RULQWK�ZRUNVKRS�ZKRVH�IUXLWIXO�GLVFXVVLRQV�����

KHOSHG�IRFXV�NH\�LGHDV���$OO�GDWD�XVHG�DUH�GRFXPHQWHG�LQ�OLVWHG�UHIHUHQFHV������

WDEOHV�DQG�VXSSOHPHQWV�������
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GHULYHG�IURP�DQDO\VLV�RI�GDWD�LQ�)LJXUH���ZKLFK�UHFRQFLOHV�DOO�SUHYLRXV������

LQWHUSUHWDWLRQV��D��5HSUHVHQWDWLYH�PXOWLFKDQQHO�VHLVPLF�UHIOHFWLRQ�SURILOH�IURP������

WKH�FHQWUDO�*XOI�RI�&RULQWK��5�9�0DXULFH�(ZLQJ��������LOOXVWUDWLQJ�WKH�VHLVPLF������

VWUDWLJUDSK\��DQG�PRGHOOHG�DJHV�RI�DOWHUQDWLQJ�KLJK�DQG�ORZ�DPSOLWXGH�SDFNDJHV������

ZLWKLQ�WKH�XSSHU�6HLVPLF�8QLW����68����DQG�FRUUHODWLRQ�ZLWK�FD������N\U�JODFLR������

HXVWDWLF�F\FOHV��3DFNDJHV�DUH�FRUUHODWHG�WR�WKH�VHD�OHYHO�FXUYH�RI�Bintanja and �����

van der Wal�>����@�IRU�WKH�SDVW�FD������N\U��7KH�FXUUHQW�GHSWK�RI�WKH�5LRQ�6WUDLW������

VLOO�LV�LQGLFDWHG��,QVHW�ER[�LQGLFDWHV�ORFDWLRQ�RI�FORVH�XSV�LOOXVWUDWHG�LQ�E��DQG�F��������

E��DQG�F��LOOXVWUDWH�KRUL]RQV��+��±�+���8��RQ�D�FRQYHQWLRQDO�VHLVPLF�UHIOHFWLRQ������

SURILOH��DQG�RQ�D�SURILOH�ZLWK�DQ�DPSOLWXGH�YROXPH�DWWULEXWH��506��DSSOLHG�WR������

KLJKOLJKW�WKH�FRQWUDVWLQJ�PDULQH�DQG�ODFXVWULQH�SDFNDJHV��KLJK�DQG�ORZ������

DPSOLWXGH�UHVSHFWLYHO\���G��3URSRVHG�KRUL]RQ�DJH�������N\U��PRGHO�IRU�WKH������

&RULQWK�5LIW�������

������

)LJXUH����D��&KURQRVWUDWLJUDSKLF�IUDPHZRUN�XVHG�LQ�WKLV�VWXG\�DSSOLHG�WR�D�KLJK������

UHVROXWLRQ�VHLVPLF�UHIOHFWLRQ�SURILOH�IURP�WKH�$ON\RQLGHV�*XOI���1RWH�KRZ�WKH�WRSV������
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RI�FOLQRIRUPV�>&�����LQWHUSUHWHG�E\�Leeder et al�������@�FRUUHODWH�ZLWK�WKH�PDULQH������

WUDQVJUHVVLYH�KRUL]RQV��+��+���ZKLFK�UHSUHVHQW�WKH�EDVH�RI�WKH�KLJK�DPSOLWXGH������

PDULQH�SDFNDJHV���+��LV�WKH�EDVH�RI�WKH�GHHSHVW�PDULQH�SDFNDJH�DERYH������

XQFRQIRUPLW\�8���7KLV�LQWHUSUHWDWLRQ�LV�FRQVLVWHQW�ZLWK�Bell et al��>����@���E��:HVW������

WR�(DVW�DORQJ�ULIW�KLJK�UHVROXWLRQ�VHLVPLF�UHIOHFWLRQ�SURILOH�LOOXVWUDWLQJ�KRZ�WKH������

FKURQRVWUDWLJUDSKLF�IUDPHZRUN�IURP�WKLV�VWXG\�DJUHHV�ZLWK�WKH�LQWHUSUHWDWLRQ�RI������

Bell et al��>����@���7KH�SRVLWLRQV�RI�SURILOHV�D��DQG�E��DUH�VKRZQ�LQ�)LJXUH���������

6ROLG�KRUL]RQV�UHSUHVHQW�LQWHUSUHWDWLRQ�IURP�WKLV�VWXG\��GDVKHG�KRUL]RQV�DUH������

IURP�SUHYLRXV�VWXGLHV���8QLQWHUSUHWHG�SURILOHV�FDQ�EH�YLHZHG�LQ�WKH������

VXSSOHPHQWDU\�LQIRUPDWLRQ�������

������

)LJXUH����)DXOW�PDS�LOOXVWUDWLQJ�PDMRU�IDXOWV�RIIVHWWLQJ�VHLVPLF�EDVHPHQW��GHSWK������

LOOXVWUDWHG�E\�FRORXUHG�FRQWRXUV��ZLWK�WKH�ZLGWK�RI�WKH�RIIVKRUH�IDXOW�SRO\JRQV������

SURSRUWLRQDO�WR�WKH�KHDYH�RQ�WKH�IDXOWV��7KH�GRZQ�WKURZ�GLUHFWLRQ�RI�WKH�IDXOWV�LV������

VKRZQ��7KH�RIIVKRUH�&RULQWK�5LIW�LV�GLYLGHG�LQWR�ILYH�GRPDLQV�IURP�ZHVW�WR�HDVW������

WR�LOOXVWUDWH�DORQJ�VWULNH�YDULDWLRQ�LQ�ULIW�DUFKLWHFWXUH��VHH�WH[W�IRU�IXUWKHU������

GHVFULSWLRQ���7KH�ORFDWLRQ�RI�D�UHSUHVHQWDWLYH�VHLVPLF�SURILOH�IURP�HDFK�GRPDLQ������

LOOXVWUDWHG�LQ�)LJXUH���LV�VKRZQ�E\�WKH�VROLG�JUH\�OLQHV��)DXOW�QDPHV�������

75, 7UL]RQLD�)DXOW��1() 1RUWK�(UDWLQL�)DXOW��6() 6RXWK�(UDWLQL�)DXOW�������

:&) :HVW�&KDQQHO�)DXOW��(&) (DVW�&KDQQHO�)DXOW��$,* $LJLRQ�������

',$ 'LDNRSWR��*$/ *DOD[LGL��30) 3\UJDNL�0DPRXVVLD�)DXOW��(() (DVW�(OLNL������

)DXOW��:() :HVW�(OLNL�)DXOW��$.5 $NUDWD��'(5 'HUYHQL��/<. /\NRSRULD�������

(;) (DVW�;\ORNDVWUR�)DXOW��:;) :HVW�;\ORNDVWUR�)DXOW��1.) 1RUWK�.LDWR������

)DXOW��/(; �/HFKDLRQ��+(5 +HUDLRQ��3(5 3HUDFKRUD��675 6WUDYD�������

:$) :HVW�$ON\RQLGHV�)DXOW��($) (DVW�$ON\RQLGHV�)DXOW��/,9 /LYDGRVWUDV�������

(') (DVW�'RPYUHQD�)DXOW��:') :HVW�'RPYUHQD�)DXOW��95$ 9URPD�������

($1 (DVW�$QWLN\UD��:$1 :HVW�$QWLN\UD�������

������

)LJXUH����,QWHUSUHWHG�VHLVPLF�UHIOHFWLRQ�SURILOHV�LOOXVWUDWLQJ�WHPSRUDO�VSDWLDO������

FKDQJHV�LQ�ULIW�JHRPHWU\�DQG�IDXOW�SRODULW\�DORQJ�WKH�&RULQWK�5LIW���3URILOHV�D��WR������

H��UHSUHVHQW�WKH�:HVW��&HQWUDO�:HVW��&HQWUDO�(DVW��(DVW�DQG�$ON\RQLGHV������

'RPDLQV�VKRZQ�LQ�)LJXUH����UHVSHFWLYHO\���1RUWK�DQG�VRXWK�GLSSLQJ�IDXOWV�DUH������

VKRZQ�LQ�EOXH�DQG�UHG�UHVSHFWLYHO\��VHH�)LJXUH���IRU�IDXOW�QRPHQFODWXUH�������

+RUL]RQV�+�����8�DUH�ODEHOOHG�WRJHWKHU�ZLWK�WKUHH�V\Q�ULIW�SDFNDJHV��\HOORZ�������
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VHDEHG�+���UHG��+��8��EOXH��8�EDVHPHQW���6HH�7DEOH���IRU�DJH�FRUUHODWLRQ�DQG������

VXPPDU\�RI�FKDQJHV�LQ�IDXOW�SRODULW\�EHWZHHQ�ULIW�GRPDLQV���8QLQWHUSUHWHG������

SURILOHV�FDQ�EH�YLHZHG�LQ�WKH�VXSSOHPHQWDU\�LQIRUPDWLRQ�������

������

)LJXUH����,VRFKRUH�PDSV�GHULYHG�IURP�WKH�HQWLUH�VHLVPLF�UHIOHFWLRQ�GDWD�VHW��)LJ�������

���IRU�D��6HLVPLF�8QLW����68���FD��������0D�WR����ND��DQG�E��6HLVPLF�8QLW��������

�68���FD�����ND�WR�SUHVHQW�GD\��LOOXVWUDWLQJ�PDMRU�VHGLPHQW�GHSRFHQWUHV�DQG������

DFWLYH�IDXOWV��7KH�IDXOW�SRO\JRQV�IRU�HDFK�WLPH�SHULRG�UHSUHVHQW�WKH�FXPXODWLYH������

KHDYH�RQ�WKH�IDXOWV�ZLWKLQ�HDFK�WLPH�SHULRG��)DXOW�QRPHQFODWXUH�LV�DV�)LJXUH����������

1RWH�WKH�ORFDOL]HG�GHSRFHQWUHV�FRQWUROOHG�E\�WKH�*DOD[LGL�)DXOW�LQ�WKH�&HQWUDO������

:HVW�'RPDLQ�DQG�ERWK�QRUWK�DQG�VRXWK�GLSSLQJ�IDXOWV�LQ�WKH�(DVW�'RPDLQ�GXULQJ������

EHIRUH�FD������ND��$IWHU�FD������ND�WKH�PDMRU�QRUWK�GLSSLQJ�IDXOWV�DORQJ�WKH������

VRXWK�VKRUH�RI�WKH�&RULQWK�5LIW�FRQWURO�WKH�GHYHORSPHQW�RI�D�ODWHUDOO\�FRQWLQXRXV������

GHSRFHQWUH��a���NP�LQ�OHQJWK��������

������

)LJXUH����,VRFKRUH�PDSV�LOOXVWUDWLQJ�GHSRFHQWUH�GHYHORSPHQW�RYHU�WKUHH�WLPH������

SHULRGV�IURP�FD����������ND��D��FD����������ND��E��FD����������ND��F��FD�����������

����ND�LVRFKRUHV���7KH�IDXOW�SRO\JRQV�IRU�HDFK�WLPH�SHULRG�UHSUHVHQW�WKH������

FXPXODWLYH�KHDYH�RQ�WKH�IDXOWV�VLQFH�FD������ND���,QLWLDOO\��D��GLVFUHWH������

GHSRFHQWUHV�DUH�FRQWUROOHG�E\�ERWK�QRUWK�DQG�VRXWK�GLSSLQJ�IDXOWV��7KLV�LV������

IROORZHG�E\�D�JUDGXDO�PLJUDWLRQ�IURP�QRUWK�WR�VRXWK��E�DQG�F��XQWLO�DOO�GLVFUHWH������

GHSRFHQWUHV�DUH�FRQWUROOHG�E\�WKH�VRXWKHUQ�PDUJLQ�QRUWK�GLSSLQJ�IDXOWV��F��������

������

)LJXUH����,VRFKRUH�PDSV�LOOXVWUDWLQJ�GHSRFHQWUH�GHYHORSPHQW�RYHU�WKUHH�WLPH������

SHULRGV�IURP�FD������ND�WR�WKH�SUHVHQW�GD\��D��FD����������ND��E��FD���������������

ND��F��FD������ND���SUHVHQW�LVRFKRUHV��7KH�IDXOW�SRO\JRQV�IRU�WLPH�SHULRGV�FD�������

��������ND�DQG�FD������ND���SUHVHQW�UHSUHVHQW�WKH�FXPXODWLYH�KHDYH�RQ�WKH������

IDXOWV�VLQFH�FD������ND�DQG�FD������ND��UHVSHFWLYHO\���,QLWLDOO\��D���QXPHURXV������

VPDOO�GHSRFHQWUHV��a����NP�LQ�OHQJWK��DUH�FRQWUROOHG�E\�GLVFUHWH�QRUWK�GLSSLQJ������

IDXOWV��DORQJ�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�&RULQWK�5LIW���7KHVH�GHSRFHQWUHV�JURZ������

LQ�VL]H�DQG�EHFRPH�PRUH�OLQNHG�ZLWK�WLPH��E�DQG�F��HYHQWXDOO\�IRUPLQJ�D�ODUJH������

FRQWLQXRXV�GHSRFHQWUH�a���NP�LQ�OHQJWK��F���LOOXVWUDWLQJ�OLQNDJH�RI�DQG������

ORFDOL]DWLRQ�RQ�PDMRU�QRUWK�GLSSLQJ�IDXOWV�������

������
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)LJXUH�����6SDWLDO�DQG�WHPSRUDO�FKDQJHV�LQ�WKH�ORFL�RI�VHGLPHQW�GHSRVLWLRQ������

ZLWKLQ�WKH�RIIVKRUH�&RULQWK�5LIW���D��&KDQJHV�LQ�WKH�PD[LPXP�GHFRPSDFWHG������

VHGLPHQW�WKLFNQHVV�IRU�WKH�PDMRU�WLPH�SHULRGV��1RWH�WKH�FKDQJH�IURP�WZR�PDMRU������

GHSRFHQWUHV�EHIRUH�FD������ND�WR�D�VLQJOH�EURDG�GHSRFHQWUH�DIWHU�FD������ND������

�EOXH�DQG�UHG�UHVSHFWLYHO\����7KH�SUHVHQW�VKRUHOLQH�ORFDWLRQV�RI�PDMRU�ULYHUV�DUH������

VKRZQ�DQG�ODEHOOHG���E��DQG�F��VKRZ�WKH�FKDQJH�LQ�PD[LPXP�GHFRPSDFWHG������

VHGLPHQWDWLRQ�UDWH�DORQJ�WKH�ULIW�IRU�VL[�FD������N\U�JODFLR�HXVWDWLF�F\FOHV��7KH������

DORQJ�ULIW�VHGLPHQWDWLRQ�EHFRPHV�PRUH�XQLIRUP�ZLWK�WLPH���G��6FKHPDWLF�PDS������

VKRZLQJ�SRVLWLRQV�RI�PDMRU�FRQWUROOLQJ�IDXOWV�LQ�WKH�*XOI�RI�&RULQWK�DQG������

$ON\RQLGHV�*XOI��1RUWK�DQG�6RXWK�GLSSLQJ�IDXOWV�DUH�VKRZQ�LQ�EODFN�DQG�JUH\������

UHVSHFWLYHO\���H��&KDQJHV�LQ�WKH�ORFL�RI�VHGLPHQWDWLRQ�EHIRUH�DQG�VLQFH�FD�����������

ND��EOXH�DQG�UHG�VWULSH�DUHDV�RIIVKRUH�UHVSHFWLYHO\����3RVLWLRQV�RI�PDMRU�IDXOWV������

DUH�VKRZQ�LQ�EROG�DV�ZHOO�DV�ORFXV�RI�RQVKRUH�3OLR�4XDWHUQDU\�VHGLPHQWDWLRQ������

DQG�RXWFURS�RI�SUH�ULIW�EDVHPHQW�������

������

)LJXUH�����3ODQ�YLHZ�PDSV�LQGLFDWLQJ�HYROXWLRQ�RI�&RULQWK�5LIW�IURP�LQFHSWLRQ�FD�������

��0D�WR�SUHVHQW�GD\���,QIHUUHG�IDXOW�DFWLYLW\�EDVHG�RQ�QHZ�LQVLJKWV�IURP�WKLV������

VWXG\��SUHYLRXV�RIIVKRUH�VWXGLHV�>McNeill et al���������Bell et al�������������@������

DQG�FRUUHODWLRQV�ZLWK�UHFHQW�RQVKRUH�VWXGLHV�>Leeder et al���������������Ford et �����

al���������Charalampakis et al�������@���7KH�GLVWULEXWLRQ�RI�ZHOO�FRQVWUDLQHG�V\Q������

ULIW�VHGLPHQWV�LV�VKRZQ�IRU�HDFK�WLPH�SHULRG�LQGLFDWLQJ�WKH�UHJLRQ�RI�IRFXVHG������

H[WHQVLRQ���6HH�WH[W�IRU�GLVFXVVLRQ�RI�ULIW�HYROXWLRQ�������

������

)LJXUH�������'�EORFN�GLDJUDPV�LOOXVWUDWLQJ�WKH�GHYHORSPHQW�RI�D�ULIW�ERUGHU�IDXOW������

V\VWHP�DQG�DVVRFLDWHG�GHSRFHQWUHV�������

������

������

������

������

������

������

������



























7DEOHV�

7DEOH����&RPSDULVRQ�RI�SUHYLRXV�FKURQRVWUDWLJUDSKLF�PRGHOV�FDOFXODWHG�IRU�WKH�RIIVKRUH�&RULQWK�ULIW���
�

Study� Region� Method� Identified�GlacioͲ
Eustatic�Cycles�

Unconformity�
Age�Estimate�

This�Study� Entire�Rift� Seismic�Character�and�Clinoforms 6�x�100�kyr� ~620�ka�

Sachpazi�et�al.,�2003� Central�Gulf�of�Corinth� Seismic�Character� 5�x�100�kyr� ~500Ͳ600�ka�

Bell�et�al.,�2008� Eratini�Basin�� Clinoforms� 4�x�100�kyr� ~400�ka�

Bell�et�al.,�2008,�2009� Western�Gulf�of�Corinth Seismic�Character� 4�x�100�kyr� ~300Ͳ400�ka�

Taylor�et�al.,�2011� Central�Gulf�of�Corinth� Seismic�Character� 7�x�100�kyr� ~680�ka�

Leeder�et�al.,�2005� Alkyonides�Gulf� Clinoforms� 5�x�100�kyr� ~500�ka�

Sakallariou�et�al.,�2007� Alkyonides�Gulf� Seismic�Character� 4�x�100�kyr� ~400Ͳ450�ka�

Bell�et�al.,�2009� Alkyonides�Gulf� Seismic�Character�&�Clinoforms� 6�x�100�kyr� ~600�ka�

�

�

�
�
�
�



7DEOH� ��� 6XPPDU\�RI� ULIW� JHRPHWU\� GHYHORSPHQW� IRU� GRPDLQV� VKRZQ� LQ� ILJXUHV� �� DQG� ��� � 6HH�)LJXUH� �� FDSWLRQ� IRU� IDXOW�
QRPHQFODWXUH��
�
�

� �� West� CentralͲWest� CentralͲEast� East� Alkyonides�

�
Net�Geometry� Symetrical�Graben� Symetrical�Graben� SͲthickening�halfͲgraben� SͲthickening�halfͲgraben� SͲthickening�halfͲgraben�

~340Ͳ
Present�

Rift�Geometry� Symetrical� SͲthickening� SͲthickening� SͲthickening� SͲthickening�

Controlling�
Faults� WCF,�EEF� DER� LYK,�XYL� NKF,�PER� EAF�

~620Ͳ
340kyr�

Rift�Geometry� Slightly�NͲthickening� Symetrical� SͲthickening� Slightly�SͲthickening� Symetrical�

Controlling�
Faults� WCF,EEF� GAL,�DER� LYK,�XYL� NKF,�PER� EAF,�LIV�

~1.5MaͲ
620kyr�

Rift�Geometry� Slightly�NͲthickening� NͲthickening� Very�little�sediment� Numerous�NͲthickening�
halfͲgrabens� Symetrical�

Controlling�
Faults� WCF,�EEF,�PMF� GAL� Ͳ� HER,�LEX,�Buried�faults� EAF,�LIV�

�
�
�
�
�
�
�



7DEOH����&RPSDULVRQ�RI�WKH�DVVLJQHG�DJH�HVWLPDWHV�IRU�ERXQGDULHV�ZLWKLQ�WKH�RQVKRUH�DQG�RIIVKRUH�VWUDWLJUDSKLF�PRGHOV���
6HH�WH[W�IRU�GLVFXVVLRQ��
�
�

Onshore�Stratigraphic�Model� Offshore�Stratigraphic�Model�
Strat.�Group� Age�Est.� Study Strat.�Unit� Age�Est.
ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� ca.�4Ͳ3.6�Ma� Rohais�et�al.,�2007� ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� �
Lower�Group� � ???�
ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� ca.�2.5Ͳ1.8�Ma� Leeder�et�al.,�2012;�Ford�et�al.,�2013� ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� ca.�2Ͳ1.5�Ma�
Middle�Group� � � Seismic�Unit�1� �
ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� ca.�0.7Ͳ0.45�Ma� Ford�et�al.,�2013;�Rohais�et�al.,�2007� ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� ca.�0.6�Ma�
Upper�Group� � � Seismic�Unit�2� �
ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� Present�Day� ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ� Present�day

�
�

�

�

�


