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Introduction. 7KLV�ZRUN�GHDOV�ZLWK�WKH�DSSOLFDWLRQ�RI�D�)XOO�:DYHIRUP�,QYHUVLRQ��):,��
�9LULHX[��HW��al.��������)LFKWQHU��������SURFHGXUH�WR�LQFUHDVH�WKH�UHVROXWLRQ�RI�DQ�DFRXVWLF�YH�
ORFLW\�PRGHO�UHODWHG�WR�D�SDUW�RI�WKH�0��$�&523�PDULQH�VHLVPLF�SURÀOH��6FURFFD��HW�al.���������
7KH�&523�0��$�VHLVPLF� OLQH�ZDV�DFTXLUHG�GXULQJ� WKH� ,WDOLDQ�'HHS�&UXVW�3URMHFW� �&523���
DLPHG�DW�LQYHVWLJDWLQJ�WKH�VWUXFWXUH�RI�WKH�GHHS�FUXVW�LQ�,WDO\��,Q��7RJQDUHOOL�HW�al.��������WKH�UH�
FRUGHG�GDWD�ZHUH�UH�SURFHVVHG�WR�HQKDQFH�WKH�YLVLELOLW\�DQG�WKH�UHVROXWLRQ�RI�WKH�VWUXFWXUHV�DW�WKH�
VKDOORZ�GHSWK�XS�WR�����V�WZR�ZD\�WUDYHO�WLPH��1RZDGD\V��):,�UHSUHVHQWV�DQ�LPSRUWDQW�WRRO�WR�
EXLOG�D�KLJK�UHVROXWLRQ�YHORFLW\�PRGHO�RI�WKH�VXEVXUIDFH�IURP�DFWLYH�VHLVPLF�GDWD��6XFK�PRGHO�
LV�REWDLQHG�DV�WKH�JOREDO�PLQLPXP�RI�VRPH�PLVÀW�IXQFWLRQ��GHVLJQHG�WR�PHDVXUH�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�REVHUYHG�DQG�WKH�PRGHOOHG�GDWD��,Q�JHQHUDO��WKH�PLVÀW�IXQFWLRQ�LV�KLJKO\�QRQ�OLQHDU�
ZLWK�WKH�SUHVHQFH�RI�PDQ\�ORFDO�PLQLPD�GXH�WR�WKH�ZHOO�NQRZQ�F\FOH�VNLSSLQJ�HIIHFW��3UDWW��
�������7KHUHIRUH��WKH�RSWLPL]DWLRQ�SUREOHP�LV�VROYHG�E\�PHDQV�RI�DQ�LWHUDWLYH�JUDGLHQW�EDVHG�
PHWKRG��VWDUWLQJ�IURP�D�PRGHO�DV�FORVH�DV�SRVVLEOH�WR�WKH�JOREDO�PLQLPXP�RI�WKH�REMHFWLYH�IXQF�
WLRQ��%HVLGHV��WKH�DSSOLFDWLRQ�RI�):,�WR�UHDO�GDWD�UHTXLUHV�GHGLFDWHG�VSHFLÀF�RSHUDWLRQV�DLPHG�
DW�LPSURYLQJ�WKH�6�1�UDWLR�DQG�REWDLQLQJ�REVHUYHG�GDWD�WKDW�FDQ�EH�UHOLDEO\�UHSURGXFHG�E\�D�
PRGHOOLQJ�DOJRULWKP��*DOX]]L�HW�al.���������

,Q� WKLV�ZRUN��ZH�SUHVHQW�DQ�DSSOLFDWLRQ�RI�DFRXVWLF�):,�RQ�D�SDUW�RI�&523�0��$�VHLV�
PLF�SURÀOH��6SHFLÀF�SURFHVVLQJ�RSHUDWLRQV�DUH�DSSOLHG�RQ�ERWK�SUHGLFWHG�DQG�REVHUYHG�GDWD�WR�
LQFUHDVH�WKH�UREXVWQHVV�RI�WKH�LQYHUVLRQ�SURFHGXUH��WKXV�LPSURYLQJ�WKH�UHOLDELOLW\�RI�WKH�ÀQDO�
PRGHO�HVWLPDWLRQ��7KH�SUHGLFWHG�GDWD�DUH�REWDLQHG�E\�VROYLQJ�WKH��'�DFRXVWLF�ZDYH�HTXDWLRQ��
ZKHUHDV�LQ�WKH�ORFDO�RSWLPL]DWLRQ�SURFHGXUH�WKH�VWHHSHVW�GHVFHQW�DOJRULWKP�LV�HPSOR\HG��7KH�
PLVÀW�IXQFWLRQ�XVHG�LV�EDVHG�RQ�WKH�/2�QRUP�GLIIHUHQFH�EHWZHHQ�WKH�SUHGLFWHG�DQG�REVHUYHG�
HQYHORSHV�RI�WKH�VHLVPRJUDPV��%R]GDJ�HW�al.���������$V�WKH�VWDUWLQJ�PRGHO��ZH�XVHG�WKH�PRGHO�
REWDLQHG�E\��7RJQDUHOOL�HW�al.��������WKURXJK�WKH�0LJUDWLRQ�9HORFLW\�$QDO\VLV��09$��DQG�XVHG�
IRU�WKH�SRVW�VWDFN�GHSWK�PLJUDWLRQ�RI�WKH�GDWD��7R�YDOLGDWH�WKH�):,�ÀQDO�PRGHO��ZH�FKHFN�WKH�
LPSURYHPHQWV�RQ�WKH�ÁDWWHQLQJ�RI�WKH�HYHQWV�LQ�WKH�FRPPRQ�LPDJH�JDWKHUV��&,*V��DIWHU�SUH�
VWDFN�GHSWK�PLJUDWLRQ�

The seismic data. 7KH�&523�0��$�VHLVPLF�GDWDVHW�FRQVLVWV�RI������PDULQH�VHLVPLF�VKRWV��
DFTXLUHG�LQ�WKH�QRUWKHUQ�7\UUKHQLDQ�6HD��VRXWK�RI�WKH�(OED�,VODQG��HPSOR\LQJ�DQ�DLU�JXQ�VRXUFH��
7KH�GLUHFWLRQ�RI�WKH�DFTXLVLWLRQ�LV�IURP�6RXWK�:HVW�WR�1RUWK�(DVW��7KH�VRXUFHV�DQG�WKH�UHFHLY�
HUV�DUH�ORFDWHG�DW���P�DQG����P�EHORZ�WKH�VHD�VXUIDFH��UHVSHFWLYHO\��7KH�VRXUFH�UHFHLYHU�RIIVHW�
YDULHV�IURP�����P�WR������P��7KH�UHFHLYHU�LQWHUYDO�LV����P��WKH�WLPH�VDPSOLQJ�LV���PV�DQG�WKH�
UHFRUG�OHQJWK�LV����V�HYHQ�LI��WR�VWXG\�WKH�VWUXFWXUHV�ORFDWHG�DW�VKDOORZ�GHSWK��D�WZR�ZD\�WUDYHO�
WLPH�XS�WR�����V�LV�HQRXJK��7RJQDUHOOL�HW�al.���������)URP�WKH�HQWLUH�GDWD�VHW��ZH�VHOHFW�RQO\�����
VKRW�JDWKHUV�HYHQO\�GLVWULEXWHG�LQ����NP�WRZDUGV�WKH�HQG�RI�WKH�OLQH��,Q�WKLV�SDUW�RI�WKH�SURÀOH��
WKH�VHD�EHG�LV�DOPRVW�ÁDW�ZLWK�D�GHSWK�RI�DERXW����P��)LJXUH��D�VKRZV�WKH�ORFDWLRQ�RI�WKH�0��$�
&523�SURÀOH��7KH�UHG�DUURZ�LQGLFDWHV�WKH�SDUW�RI�WKH�SURÀOH�XVHG�IRU�WKH�LQYHUVLRQ��ZKHUHDV�
)LJXUH��E�VKRZV�DQ�H[DPSOH�RI�D�UDZ�VKRW�JDWKHU�XVHG�LQ�WKH�LQYHUVLRQ��7KH�UHG�SRO\JRQ�UHS�
UHVHQWV�WKH�WLPH�ZLQGRZ�XVHG�WR�IRFXV�WKH�LQYHUVLRQ�RQ�WKH�GLYLQJ�ZDYHV�DQG�RQ�WKH�VKDOORZ�
UHÁHFWLRQV�RI�WKH�GDWD�DQG�LV�GHÀQHG�IRU�HDFK�VHLVPRJUDP�

Modelling. 7KH� V\QWKHWLF� GDWD� DUH� REWDLQHG� E\�PHDQV� RI� DQ� H[SOLFLW�� �QG� RUGHU� LQ� WLPH��
ÀQLWH�GLIIHUHQFH�DOJRULWKP�ZKLFK�LV�XVHG�WR�VROYH�WKH��'�DFRXVWLF�ZDYH�HTXDWLRQ��7KH�PRGHO�
GLPHQVLRQV�DUH�DSSUR[LPDWHO\������NP�LQ�OHQJWK�DQG���NP�LQ�GHSWK��7KH�PRGHOOLQJ�JULG�LV�PDGH�
E\����[���QRGHV��ZLWK�D�XQLIRUP�JULG�VL]H�RI�G[ ��P��7KH�VHD�EHG�LV�VLWXDWHG�EHWZHHQ�WKH��UG 
DQG��th�URZ�RI�WKH�JULG��:H�SXW�DEVRUELQJ�ERXQGDU\�FRQGLWLRQV�RQ�WKH�ODWHUDO�DQG�ERWWRP�VLGHV�
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RI�WKH�PRGHO�DQG�UHÁHFWLQJ�ERXQGDU\�FRQGLWLRQV�DW�WKH�WRS�VLGH�WR�VLPXODWH�WKH�VHD�DLU�LQWHUIDFH��
7KH� RUGHU� RI� DSSUR[LPDWLRQ� RI� WKH� VSDWLDO� GHULYDWLYHV� LV� RSWLPL]HG� WR� UHGXFH� WKH� QXPHULFDO�
GLVSHUVLRQ��*DOX]]L�HW�al.���������7KH�VRXUFH�ZDYHOHW�LV�HVWLPDWHG�IURP�WKH�VHD�EHG�UHÁHFWLRQ�
'HVLJQ� RI� D� UREXVW� PLVÀW� IXQFWLRQ�� %HIRUH� SHUIRUPLQJ� WKH� )XOO� :DYHIRUP� ,QYHUVLRQ��

GHGLFDWHG� SURFHVVLQJ� RSHUDWLRQV� DUH� DSSOLHG� RQ� ERWK� SUHGLFWHG� DQG� REVHUYHG� VHLVPRJUDPV�
WR� UHGXFH� WKH� F\FOH� VNLSSLQJ� HIIHFW� DQG�� LQ� JHQHUDO�� WR� FLUFXPYHQW� WKH� QRQ�OLQHDULW\� RI� WKH�
RSWLPL]DWLRQ�SUREOHP��$V� VKRZQ� LQ�SUHYLRXV� VWXGLHV� �*DOX]]L�et al.�� ������ �0D]]RWWL�et al., 

)LJ��1����D��/RFDWLRQ�RI�WKH�0��$�&523�SURÀOH��7KH�UHG�DUURZ�UHSUHVHQWV�WKH�SDUW�RI�WKH�SURÀOH�XVHG�IRU�WKH�LQYHU�

VLRQ���E��$Q�H[DPSOH�RI�VKRW�JDWKHU�XVHG�LQ�WKH�LQYHUVLRQ��7KH�UHG�SRO\JRQ�GHOLPLWV�WKH�SRUWLRQ�RI�WKH�VHLVPRJUDP�

FRQVLGHUHG�LQ�WKH�LQYHUVLRQ��

)LJ���� ��D��9HORFLW\�PRGHO�REWDLQHG�E\� WKH�09$��E��9HORFLW\�PRGHO�REWDLQHG�DW� WKH�HQG�RI� WKH�):,�RSWLPL]DWLRQ�

SURFHGXUH�
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�������ZH�PDNH�XVH�RI�D�SURFHVVLQJ�VHTXHQFH�WKDW�LQFOXGHV�D�EDQG�SDVV�ÀOWHULQJ�EHWZHHQ���+]�
DQG����+]��WUDFH�HQYHORSH�FRPSXWDWLRQ��DQG�WUDFH�E\�WUDFH�QRUPDOL]DWLRQ��)LQDOO\��ZH�FKRRVH�
WKH�/2�QRUP�GLIIHUHQFH�EHWZHHQ�WKH�SUHGLFWHG�DQG�WKH�REVHUYHG�GDWD��DV�WKH�PLVÀW�IXQFWLRQ�

Initial model. 'XH�WR�WKH�QRQ�OLQHDULW\�RI�WKH�PLVÀW�IXQFWLRQ��WKH�VWDUWLQJ�PRGHO�LQ�WKH�):,�
SURFHGXUH�SOD\V�DQ�LPSRUWDQW�UROH��7R�DVVXUH�WKH�FRQYHUJHQFH�RI�D�ORFDO�RSWLPL]DWLRQ�PHWKRG��
WKH� LQLWLDO�PRGHO�PXVW� EH� DFFXUDWH� HQRXJK� WR�JLYH� D�JRRG�PDWFK�EHWZHHQ� WKH�REVHUYHG� DQG�
SUHGLFWHG�GDWD��7R�DWWDLQ�WKLV��ZH�PDNH�XVH�RI�WKH�YHORFLW\�PRGHO�REWDLQHG�IURP�09$��0RUH�
GHWDLOV�RQ�WKH�HVWLPDWLRQ�RI�WKH�PRGHO�FDQ�EH�IRXQG�LQ��7RJQDUHOOL�et al.���������)LJXUH���VKRZV�
WKH�09$�YHORFLW\�PRGHO�XVHG�WR�SUH�VWDFN�GHSWK�PLJUDWH��36'0��WKH�GDWD��7KH�PLJUDWLRQ�UHVXOWV�
DUH�LOOXVWUDWHG�LQ�)LJ���D�ZKHUH���*,*V�HYHQO\�VSDFHG�DORQJ�WKH�SURÀOH�DQG�GLVSOD\HG�XS�WR���NP�
RI�GHSWK�FDQ�EH�REVHUYHG��7KH�ÁDWWHQLQJ�RI�WKH�HYHQWV�RQ�WKH�&,*V��REWDLQHG�DIWHU�WKH�36'0��
FRQVWLWXWHV�D�JRRG�YDOLGDWLRQ�WHVW�IRU�WKH�UHOLDELOLW\�RI�WKH�09$�YHORFLW\�PRGHO��+RZHYHU��PDQ\�
JDWKHUV�VWLOO�SUHVHQW�D�UHVLGXDO�PRYH�RXW�WKDW�FDQ�EH�UHGXFHG�XVLQJ�WKH�):,�EDVHG�RQ�D�JUDGLHQW�
OLQH�VHDUFK�PHWKRG�

Inversion procedure and results. $V�WKH�ORFDO�RSWLPL]DWLRQ�PHWKRG��ZH�XVH�WKH�VWHHSHVW�
GHVFHQW� DOJRULWKP� �1RFHGDO� HW� al., ������� ZKHUH� WKH� GHVFHQG� GLUHFWLRQ� FRUUHVSRQGV� WR� WKH�
QHJDWLYH�GLUHFWLRQ�RI�WKH�JUDGLHQW�RI�WKH�PLVÀW�IXQFWLRQ��DQG�WKH�VWHS�OHQJWK�LV�REWDLQHG�E\�D�OLQH�
VHDUFK�WKDW�VDWLVÀHV�WKH�:ROIH�FRQGLWLRQV��:ROIH���������7KH�JUDGLHQW�LV�FRPSXWHG�XVLQJ�WKH�
DGMRLQW�PHWKRG��3OHVVL[���������6SHFLDO�DWWHQWLRQ�LV�JLYHQ�WR�LQFOXGH�WKH�SURFHVVLQJ�VHTXHQFH�
LQ�WKH�FRPSXWDWLRQ�RI�ERWK�WKH�PLVÀW�IXQFWLRQ�DQG�LWV�JUDGLHQW��7KH�XQNQRZQV�DUH�WKH�YHORFLW\�
YDOXHV�RQ�WKH�JULG�QRGHV�VLWXDWHG�EHORZ�WKH�VHD�ÁRRU��IRU�D�WRWDO�RI�����[����XQNQRZQV��7KH�
YHORFLWLHV�UDQJH�RI�WKH�XQNQRZQV�LV�EHWZHHQ�����P�V�DQG�����P�V��:H�SHUIRUP�����LWHUDWLRQV�
IRU�WKH�PLQLPL]DWLRQ�SURFHGXUH��)LJ���D�DQG��E�VKRZ�WKH�YHORFLW\�PRGHO�REWDLQHG�E\�09$�DQG�
DW�WKH�HQG�RI�WKH�):,�RSWLPL]DWLRQ�SURFHGXUH��UHVSHFWLYHO\��7KH�VWDUWLQJ�PRGHO�LV�UHÀQHG�PDLQO\�
LQ�WKH�XSSHU�SDUW�MXVW�EHORZ�WKH�VHD�EHG�

)LJXUH��D�DQG��E�VKRZ�D�FRPSDULVRQ�RI���&,*V�SRVLWLRQHG�DORQJ�WKH�VHLVPLF�SURÀOH�EHIRUH�
DQG� DIWHU� WKH� ):,� LQYHUVLRQ��$� VLJQLÀFDQW� LPSURYHPHQW� RI� WKH� KRUL]RQWDO� DOLJQPHQW� RI� WKH�
HYHQWV�DW�DERXW���NP�RI�GHSWK�FDQ�EH�QRWHG�SDVVLQJ�IURP�)LJ���D�WR�)LJ���E�

)LJ������&,*V�REWDLQHG�E\�SUH�VWDFN�GHSWK�PLJUDWLQJ�WKH�GDWD�XVLQJ��D��WKH�09$�YHORFLW\�PRGHO�DQG��E��WKH�ÀQDO�YH�

ORFLW\�PRGHO�REWDLQHG�DW�WKH�HQG�RI�WKH�ORFDO�RSWLPL]DWLRQ�SURFHGXUH�

=Conclusion. ,Q�WKLV�ZRUN��ZH�PDGH�DQ�DFRXVWLF�):,�H[SHULHQFH�RQ�D�SRUWLRQ�RI�WKH�&523�
0��$�PDULQH� VHLVPLF� SURÀOH� DFTXLUHG� LQ� WKH� IUDPHZRUN� RI� WKH� ,WDOLDQ�'HHS�&UXVW� 3URMHFW��
7KH�SURFHVVLQJ�VHTXHQFH�DSSOLHG� WR� WKH�GDWD� UHGXFHV� WKH�QRQ�OLQHDULW\�RI� WKH�PLVÀW� IXQFWLRQ�
DQG�VWUHQJWKHQV�WKH�UHOLDELOLW\�RI�WKH�ZKROH�SURFHGXUH�DJDLQVW�WKH�F\FOH�VNLSSLQJ�SKHQRPHQRQ��
6WDUWLQJ�IURP�D�YHORFLW\�PRGHO�REWDLQHG�E\�WKH�09$��ZH�HVWLPDWHG��E\�PHDQV�RI�D�JUDGLHQW�
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EDVHG�PHWKRG��D�ÀQDO�PRGHO�ZKRVH�LPSURYHG�TXDOLW\�LV�DVVHVVHG�E\�D�EHWWHU�KRUL]RQWDO�DOLJQPHQW�
RI�WKH�HYHQWV�LQ�WKH�&,*V�
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Introduction. 6HLVPLF�DWWULEXWHV�DUH�FRPPRQO\�XVHG�LQ�WKH�RLO�	�JDV�LQGXVWU\�WR�LPSURYH�WKH�
LQWHUSUHWDELOLW\�RI�VHLVPLF�GDWD��7DQHU et al.��������&KRSUD�DQG�0DUIXUW���������7KH�DSSOLFDWLRQ�
RI�WKLV�WHFKQLTXH�WR�HQKDQFH�WKH�SUHVHQFH�RI�JHRORJLFDO�IHDWXUHV�OLNH�FKDQQHOL]HG�V\VWHPV�DQG�
IDXOWV�PD\�EH�KHOSIXO�WR�H[WUDSRODWH�DGGLWLRQDO�LQIRUPDWLRQ�IURP�GDWD��WKHUHIRUH�LPSURYLQJ�WKH�
VHLVPLF�LQWHUSUHWDWLRQ�SRWHQWLDO��,W�PD\�DOVR�KHOS�WR�LGHQWLI\�DQG�RSWLPL]H�VWXG\·V�WHFKQLTXHV�IRU�
IXUWKHU�SURFHVVHV�RI�VHLVPLF�LQWHUSUHWDWLRQ�

:H�DSSOLHG�WKLV�WHFKQLTXH�WR�JHRORJLFDO�IHDWXUHV�RI�WKH�ORZHU�&RQJR�%DVLQ��7KH�JHRORJLFDO�
IUDPHZRUN�RI�WKH�DUHD�LV�WKH�$QJRODQ�3DVVLYH�&RQWLQHQWDO�0DUJLQ��,Q�WKLV�DUHD�WKH�FKDQQHOL]HG�
V\VWHPV�RI�=DLUH�5LYHU�DQG�WKH�ZLGH�IDQ�RI�WKH�&RQJR�%DVLQ�GHYHORS�ZLWK�D�OHQJWK�RI�DERXW�
����NP�ZHVWZDUG�DQG�D�ZLGWK�RI�PRUH� WKDQ�����NP� IURP�*DERQ� WR�$QJRODQ�PDUJLQV��7KH�
VWXG\�UHJLRQ�LV�FKDUDFWHULVHG�E\�WXUELGLWH�V\VWHPV�ZLWKLQ�WKH�0LRFHQH�GHSRVLWV�RI�WKH�0DOHPER�
)RUPDWLRQ��LQ�D�IUDPHZRUN�RI�H[WHQVLRQDO�WHFWRQLFV��6LNNHPD�et al.��������6DYR\H�et al.��������

7KURXJKRXW� WKH�DSSOLFDWLRQ�RI�DWWULEXWHV� WKDW�HQKDQFHV� ORFDO�VLJQDO�YDULDWLRQV��FKDQJHV� LQ�
DPSOLWXGH�� SKDVH� DQG� IUHTXHQF\�� LW� ZDV� SRVVLEOH� WR� KLJKOLJKW� DFRXVWLF� LPSHGDQFH� FRQWUDVWV��


