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,QWURGXFWLRQ�� ,Q������DQG������ WKH� ,WDOLDQ�SDUW�RI� WKH�*XOI�RI�7ULHVWH�ZDV� LQYHVWLJDWHG�
E\�JHRSK\VLFDO�VXUYH\��ZKLFK�SURYLGHG�LQVLJKW�LQWR�WKH�GHHS�VWUXFWXUH�DQG�VWUDWLJUDSK\�RI�WKH�
DUHD��DQG�DOVR�VXJJHVWHG�WKH�SRVVLELOLW\�RI�UHFHQW�WHFWRQLF�DFWLYLW\��%XVHWWL�HW�DO�, 2010a, b). The 
H[LVWLQJ�VXUYH\�ZDV�UHFHQWO\�H[WHQGHG�WR�6ORYHQLDQ�ZDWHUV�ZLWK�WKH������PXOWLFKDQQHO�VHLVPLF�
and high resolution seismic data, collected in Italian - Slovenian collaboration. The complete 
datasHW� DOORZV� WKH� FRUUHODWLRQ� RI� RIIVKRUH� JHRORJLFDO� VWUXFWXUHV�ZLWK� WKH� VWUXFWXUHV� WKDW� DUH�
H[SRVHG�LQ�WKH�FRDVWDO�SDUW�RI�WKH�,VWULD�SHQLQVXOD��7KH�VHLVPLF�SUR¿OHV�SURYLGH�HYLGHQFHV�RI�
QRW�RQO\�RI�WKH�GHHS�VWUXFWXUH��EXW�DOVR�RI�QHRWHFWRQLF�GHIRUPDWLRQ�WKDW�GULYHV��DORQJ�WKH�PDLQ�
DFWLYH�IDXOW�]RQHV��WKH�PLJUDWLRQ�RI�ÀXLGV��VXFK�DV�ELRJHQLF�JDV�VHHSLQJ�DQG�WKHUPDO�VSULQJV�

Geological setting. The Gulf of Trieste and the surrounding coastal areas belong to 
WKH�QRUWKHUQ�SDUW�RI� WKH�$GULDWLF�)RUHODQG��FRQVLVWLQJ�RI� WKH�0HVR]RLF�3DOHRJHQH�FDUERQDWH�
SODWIRUP�� RYHUODLG� E\�(RFHQH� WXUELGLWHV�� DQG�EXULHG�EHORZ� WKH�3OLR�4XDWHUQDU\�PDULQH� DQG�
FRQWLQHQWDO�VHGLPHQWV�RI�WKH�)ULXOL�3ODLQ�DQG�WKH�1RUWKHUQ�$GULDWLF�6HD�

'XULQJ�WKH�-XUDVVLF�ULIWLQJ�WKH�H[WHQVLYH�FDUERQDWH�SODWIRUP�RI�7ULDVVLF�'RORPLD�3ULQFLSDOH�
IUDJPHQWHG�LQWR�VHSDUDWH�SDOHRJHRJUDSKLF�XQLWV��,Q�WKH�%HOOXQR�%DVLQ�WR�WKH�ZHVW��GHHSZDWHU�
FDUERQDWHV� �-XUDVVLF�&UHWDFHRXV�� ZHUH� GHSRVLWHG�� IROORZHG� E\� WKH� 6FDJOLD� $OSLQD� PDUO\�
OLPHVWRQHV� �(RFHQH�ORZHU� $SWLDQ��� DQG� *DOODUH� 0DUOV� �(RFHQH�� ZKLFK� ¿OOHG� WKH� EDVLQ�� ,Q�
WKH�HDVW�� WKH�)ULXOL�&DUERQDWH�3ODWIRUP��D�QRUWKHUQ�SDUW�RI� WKH�$GULDWLF� FDUERQDWH�SODWIRUP��
persisted until Cretaceous.

,Q�WKH�7HUWLDU\�'LQDULF�DQG�$OSLQH�FRPSUHVVLYH�SKDVHV��WKH�FDUERQDWH�SODWIRUP�ZDV�ÀH[XUHG�
DQG�EXULHG�E\�(RFHQH�WXUELGLWHV��)O\VFK��DQG�E\�/DWH�0LRFHQH�FRQWLQHQWDO�DQG�FRDVWDO�0RODVVD�
deposits.

'XULQJ� WKH� 0HVVLQLDQ� PDULQH� UHJUHVVLRQ� WKH� VXEDHULDO� H[SRVXUH� DQG� HURVLRQ� SURGXFHG�
FRPSOH[�PRUSKRORJ\�ZLWK�YDOOH\V�DQG�ULGJHV��,Q�WKH�ZHVWHUQ�SDUW�RI�WKH�*XOI�RI�7ULHVWH��3OLRFHQH�
PDULQH� SURJUDGDWLRQ� GUDSHG� WKH� 0HVVLQLDQ� HURVLRQDO� WRSRJUDSK\� ZLWK� PDULQH� VHGLPHQWV��
IROORZHG�E\�IXUWKHU�UHJUHVVLRQ�LQ�WKH�/DWH�3OLRFHQH��

,Q� WKH�3OHLVWRFHQH� UHJUHVVLRQ�DQG� WUDQVJUHVVLRQ�F\FOHV�� IRUFHG�E\�JODFLDO�DQG� LQWHUJODFLDO�
SHULRGV�� WKH� DOWHUQDWLRQ� RI� PDULQH�� WUDQVLWLRQDO� DQG� FRQWLQHQWDO� VHGLPHQWV� ZDV� GHSRVLWHG�
(Busetti HW�DO�, 2010a, b).

7KH�SURQRXQFHG�1:�6(�WUHQGLQJ�VWUXFWXUDO�JUDLQ�RI�WKH�DUHD�LV�GH¿QHG�E\�FRPSUHVVLRQDO�
VWUXFWXUHV�RI� WKH�'LQDULF� IROG�DQG�WKUXVW� V\VWHP��7KH�PDLQ� VWUXFWXUH� LV� WKH� WRSRJUDSKLFDOO\�
prominent Dinaric frontal ramp, running along the north-eastern coast of the Gulf. Belonging 
WR� WKH� VDPH� V\VWHP� VWUXFWXUDO� V\VWHP� LV� WKH� 3DOPDQRYD� 7KUXVW� LQ� WKH� )ULXOL� 3ODLQ� DQG� LWV�
HDVWZDUG� FRQWLQXDWLRQ� DORQJ� WKH� QRUWK�HDVWHUQ� ERXQGDU\� RI� WKH� ,VWULD� 3HQLQVXOD� �%XVHWWL� HW�
DO�, 2010a, b; Placer HW� DO��� ������� 7KH� IRUHGHHS� LQ� IURQW� RI� WKH� UDPS� KDV� EHHQ� LQYHUWHG� E\�
FRPSUHVVLRQDO�WHFWRQLF��ZLWK�WKUXVWV�GLVVHFWLQJ�DQG�GHIRUPLQJ�WKH�)O\VFK��VXFK�DV�WKH�%X]HW�
DQG�%XMH�WKUXVWV�WKDW�ZHUH�PDSSHG�RQVKRUH��3ODFHU�HW�DO�, 2010). The main detachment of this 
IURQWDO�WKXVW�V\VWHP�LV�IROORZLQJ�WKH�FRQWDFW�RI�)O\VFK�ZLWK�WKH�XQGHUO\LQJ�FDUERQDWHV��%XVHWWL�
HW�DO�, 2010a, b). 

7KH�VHLVPLF�GDWDVHW��7KH�RIIVKRUH�JHRORJ\�RI�WKH�*XOI�RI�7ULHVWH�KDV�EHHQ�LQYHVWLJDWHG�LQ�
VHYHUDO�JHRSK\VLFDO�VXUYH\V��,Q�WKH�,WDOLDQ�SDUW�RI�WKH�*XOI��LQ������DQG������ZHUH�DFTXLUHG�
����NP�RI�PXOWLFKDQQHO�VHLVPLF��0&6��DQG�KLJK�UHVROXWLRQ�&KLUS�SUR¿OHV��7KH������VXUYH\�
LQ�6ORYHQLDQ�WHUULWRULDO�ZDWHUV��GRQH�LQ�FROODERUDWLRQ�ZLWK�WKH�8QLYHUVLW\�RI�/MXEOMDQD�DQG�WKH�
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+DUSKD�6HD�G�R�R��RI�.RSHU��DFTXLUHG�����NP�RI�PXOWLFKDQQHO�VHLVPLF�DQG�����NP�RI�&KLUS�GDWD�
�)LJ������$OO�JHRSK\VLFDO�VXUYH\V�ZHUH�FRQGXFWHG�ZLWK�WKH�5�9�2*6�([SORUD�

0DMRU� OLWKRORJLF�XQLWV� LQ� WKH�VXEVXUIDFH�ZHUH� LGHQWL¿HG�RQ�VHLVPLF� UHÀHFWLRQ�SUR¿OHV�E\�
Busetti HW� DO�� �����D�� E���$GGLWLRQDO� VXEVXUIDFH�GDWD�ZHUH�SURYLGHG� IURP� WKH�*UDGR���ZHOO��

GULOOHG� LQ������ IRU�JHRWKHUPDO� VXUYH\V�RQ� WKH�QRUWKHUQ�FRDVW�RI� WKH�*XOI� �'HOOD�9HGRYD�HW�
DO�, 2008; Cimolino HW� DO��� ������� 7KH� *UDGR��� ZHOO� UHFRYHUHG� 8SSHU� &UHWDFHRXV� SODWIRUP�
FDUERQDWHV�IURP�WKH�ZHOO�ERWWRP�GHSWK�RI������XS�WR������P��DQG�3DOHRJHQH�FDUERQDWHV�IURP�
�����WR�������P��7KRVH�WZR�XQLWV�FRUUHVSRQG�WR�VLPLODU�URFNV�RXWFURSSLQJ�LQ�WKH�.DUVW�DQG�
,VWULD��6DOW\�KRW�ZDWHU�DW����&�RFFXU�LQ�WZR�PDMRU�IUDFWXUH�]RQHV��HQFRXQWHUHG�DW���������P��
DQG� IURP������ WR� WKH�ZHOO�ERWWRP��&DUERQDWHV�DUH� IROORZHG�E\�DERXW�����P�RI� WHUULJHQRXV�
VHGLPHQW�� LQWHUSUHWHG� WR� FRPSULVH� ������P�RI�(RFHQH�)O\VFK�� IROORZHG�E\� DERXW� ����P�RI�
0LRFHQH�0RODVVD��7KH�WRSPRVW�VHGLPHQWDU\�XQLW�FRQVLVWV�RI�3OLR�4XDWHUQDU\�VHGLPHQWV�ZLWK�
OHVV�WKDQ�����P�RI�WKLFNQHVV��'HOOD�9HGRYD�HW�DO�, 2008; Cimolino HW�DO�, 2010). 

5HVXOWV�DQG�GLVFXVVLRQ��The main seismo-stratigraphic units and horizons interpreted from 
WKH�PXOWL�FKDQQHO�VHLVPLF�SUR¿OHV��0&6��DUH�WKH�&DUQLDQ�8QFRQIRUPLW\��WKH�0HVR�&HQR]RLF�
FDUERQDWHV��)ULXOL�&DUERQDWH�3ODWIRUP�LQ�WKH�HDVW��DQG�6FDJOLD�LQ�WKH�ZHVW�LQ�%HOOXQR�EDVLQDO�
DUHD���WKH�(RFHQH�WXUELGLWHV�RI�WKH�)O\VFK��WKH�(RFHQH�*DOODUH�0DUOV��WKH�3OLRFHQH�SURJUDGDWLRQ�
VHTXHQFH�DQG�WKH�4XDWHUQDU\�VHGLPHQWV�RI�FRQWLQHQWDO�DQG�PDULQH�RULJLQ��%XVHWWL�HW�DO�, 2010a, 
b).

7KH�&DUQLDQ�8QFRQIRUPLW\�ZDV�HQFRXQWHUHG�LQ�WKH�$PDQGD�ZHOO��GULOOHG�RIIVKRUH�ZHVWZDUG�
WKH�VWXG\�DUHD��DW������P��DQG�PDUNV�WKH�EDVH�RI�WKH�/DWH�7ULDVVLF�'RORPLD�3ULQFLSDOH��7KH�
&DUQLDQ�8QFRQIRUPLW\�LV�D�ZHOO�NQRZQ�KRUL]RQ�LQ�WKH�VHLVPLF�H[SORUDWLRQ�GDWD�RI�WKH�)ULXOL�
3ODLQ�� ZKHUH� LW� LV� FRQVLGHUHG� WR� EH� RQH� RI� WKH� GHWDFKPHQW� OHYHOV� RI� WKH� WKUXVWV� �3ROL� DQG�

)LJ����±�3RVLWLRQ�PDS�RI�WKH�PXOWLFKDQQHO�VHLVPLF�DQG�KLJK�UHVROXWLRQ�&KLUS�GDWD�FROOHFWHG�E\�1�5�2*6�([SORUD�
LQ�������EOX�OLQHV���LQ�������OLJKW�EOXH�OLQHV���DQG�LQ�������RUDQJH�OLQHV���IRU�D�WRWDO�RI�����NP��'DVKHG�UHG�OLQHV�DUH�
the offshore national borders. 
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=DQIHUUDUL���������,Q�WKH�0&6�FROOHFWHG�LQ�WKH�JXOI��WKH�&DUQLDQ�8QFRQIRUPLW\�LV�D�SURPLQHQW��
ZHOO�GH¿QHG�UHÀHFWRU��DQG�LV�DOVR�WKH�ORZHVW�LQWHUSUHWDEOH�KRUL]RQ��RFFXUULQJ�DW�DERXW�����������
seconds.

7KH�)ULXOL�&DUERQDWH�3ODWIRUP�GHYHORSHG�PDLQO\�LQ�WKH�0HVR]RLF��'XULQJ�WKH�3DOHRJHQH��
FDUERQDWH�GHSRVLWLRQ�RFFXUUHG�ORFDOO\�LQ�LQWUDSODWIRUP�EDVLQV��DV�GRFXPHQWHG�E\�WKH�*UDGR���
ZHOO�WKDW�UHFRYHUHG�DERXW�����PHWHU�RI�3DOHRJHQH�OLPHVWRQHV��VLPLODU�WR�WKRVH�SUHVHQW�RQ�ODQG�
LQ�WKH�.DUVW�DQG�,VWULD��&LPROLQR�HW�DO����������2Q�WKH�VHLVPLF�UHÀHFWLRQ�SUR¿OHV�IURP�RXU�VWXG\�
DUHD��VHYHUDO�NLORPHWUHV�ZLGH�WHFWRQLFDOO\�FRQWUROOHG�LQWUDSODWIRUP�EDVLQV�RFFXU��¿OOHG�E\�ZHOO�
VWUDWL¿HG�KRUL]RQV��)LJ�����

7KH�0HVR]RLF�H[WHQVLRQDO�SKDVH�ZLWK�1:�6(�RULHQWHG�H[WHQVLRQDO�IDXOWV�LV�VWLOO�UHFRJQL]DEOH�
DW�WKH�SDOHRPDUJLQ�RI�WKH�FDUERQDWH�SODWIRUP��LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�*XOI�RI�7ULHVWH��7KH�
WHFWRQLF�VWUXFWXUH�RI�WKH�PDUJLQ�VORSH�FDUERQDWH�V\VWHP�LV�FKDUDFWHUL]HG�E\�WKH�PDVWHU�QRUPDO�
IDXOW�YHUJLQJ�ZHVWZDUG��DVVRFLDWHG�ZLWK�DQWLWKHWLF�HDVW�YHUJLQJ�QRUPDO�IDXOWV�H[KLELWLQJ�EORFN�
URWDWLRQ�DQG�V\QWHFWRQLF�VHGLPHQWDWLRQ��

7KH� VRXWK�ZHVWZDUG� SURSDJDWLRQ� RI� WKH� 'LQDULF� WKUXVW� V\VWHP� WKDW� VWDUWHG� LQ� WKH� ODWH�
&UHWDFHRXV�UHDFKHG�WKH�VWXG\�DUHD�LQ�WKH�(RFHQH��7KH�IRUHGHHS�RI�WKH�([WHUQDO�'LQDULGHV�WKUXVW�
V\VWHP�ZDV�¿OOHG�E\�WKH�WXUELGLWHV�RI�WKH�(RFHQH�)O\VFK��3UHVHQWO\�WKH�'LQDULF�IURQWDO�UDPS�LV�
ORFDWHG�DW�WKH�FRDVWOLQH��ZKHUH�LW�LV�FDOOHG�WKH�7ULHVWH�7KUXVW��WKDW�LQYROYHV�ERWK�WKH�FDUERQDWHV�
DQG�WKH�RYHUO\LQJ�)O\VFK�ZLWK�D�YHUWLFDO�FRPSRQHQW�RI�GLVSODFHPHQW�H[FHHGLQJ������P��%XVHWWL�
HW�DO������D��E���1RUWK�ZHVWZDUG�FRQWLQDWLRQ�RI�WKLV�VWUXFWXUH��FRYHUHG�E\�WKH�3OLR�4XDWHUQDU\�
sediments of the Friuli Plain, is the Palmanova Thrust, that is separated from the Trieste Thrust 
E\� WKH� VLQLVWUDO� 6LVWLDQD� )DXOW�� 7KH� 3DOPDQRYD� 7KUXVW� RULJLQDWHG� LQ� WKH� 'LQDULF� WKUXVWLQJ�
HSLVRGH�DQG�ZDV�VXEVHTXHQWO\�UHDFWLYDWHG�DV�D�IURQWDO�VWUXFWXUH�RI� WKH�/DWH�&HQR]RLF�6RXWK�
$OSLQH�WKUXVW�V\VWHP��3ROL�DQG�=DQIHUUDUL���������6RXWK�HDVWZDUG�LQWR�6ORYHQLD�DQG�&URDWLD��
WKH�'LQDULF�IURQWDO�UDPS�FRQWLQXHV�LQWR�WKH�ýUQL�.DO�7KUXVW��3ODFHU��������3ODFHU�HW�DO�, 2010). 

7KH� IRUHGHHS� ZDV� DIIHFWHG� E\� FRPSUHVVLRQDO� WHFWRQLF�� SURGXFLQJ� D� VHULHV� RI� IROGV� DQG�
WKUXVWV�LQ�DSSUR[LPDWHO\�1:�6(�RULHQWDWLRQ��ZLWK�WKH�GHWDFKPHQW�OHYHO�DW�WKH�WRS�RI�FDUERQDWHV�
(Busetti HW�DO�������D��E���$�SRVW�WKUXVWLQJ�WHFWRQLF�SKDVH�SURGXFHG�VXEYHUWLFDO�WUDQVSUHVVLRQDO�

)LJ����±�0XOWLFKDQQHO�VHLVPLF�SUR¿OHV�DFURVV�WKH�LQWUDSODWIRUP�EDVLQ�¿OOHG�E\�3DOHRJHQH�FDUERQDWH�UHFRYHUHG�LQ�WKH�
*UDGR���ZHOO��7KH�WHFWRQLFDOO\�FRQWUROOHG�EDVLQ�LV�¿OOHG�E\�ZHOO�VWUDWL¿HG�OLPHVWRQHV��,Q�WKH�SRVW�0LRFHQH�WKH�IDXOWV�
ZHUH�UHDFWLYDWHG�LQ�D�WUDQVSUHVVLRQDO�VW\OH��7KH�IDXOW�VWUDQGV�GLVUXSWHG�WKH�0HVVLQLDQ�3OLRFHQH�XQFRQIRUPLW\�ZLWK�
������PHWHU�RI�YHUWLFDO�GLVSODFHPHQW��$ERYH�WKH�IDXOW�]RQHV��WKH�4XDWHUQDU\�VHGLPHQW�KDYH�ORZ�DPSOLWXGH�VLJQDOV��
VXJJHVWLQJ�SHUYDVLYH�RFFXUUHQFH�RI�ÀXLGV�VHHSLQJ�WKURXJK�IUDFWXUH�]RQHV�
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IDXOWV��WKDW�FXW�WKH�SUHYLRXV�'LQDULF�WKUXVWV��LQYROYLQJ�WKH�0HVR]RLF�FDUERQDWHV��ZKLFK�SURGXFHG�
D�VHULHV�RI�SRVLWLYH�ÀRZHU�VWUXFWXUHV�DQG�UHODWHG�VWUXFWXUDO�KLJKV��1HRWHFWRQLF�DFWLYLW\�RI�WKH�
ÀRZHU�VWUXFWXUHV�LV�LQGLFDWHG�E\�IDXOW�VWUDQGV�ZKLFK�GLVSODFH�WKH�0HVVLQLDQ�3OLRFHQH�HURVLRQDO�
VXUIDFH�DW�WKH�WRS�RI�WKH�)O\VFK�ZLWK�VHYHUDO�PHWHUV�RI�WKURZ��$V�VXJJHVWHG�E\�%XVHWWL�HW�DO� 
�����D��E��WKHVH�VWUXFWXUHV�DUH�WKH�QRUWKZHVWZDUG�FRQWLQXDWLRQ�RI�WKH�+UDVWRYOMH�7KUXVW�WKDW�
GHIRUPV�WKH�RXWFURSSLQJ�)O\VFK�LQ�WKH�,VWULD�3HQLQVXOD�LQ�WKH�IRUHODQG�RI�WKH�'LQDULF�)URQWDO�
Ramp (Placer HW�DO�, 2010).

7KH� QHZO\� DFTXLUHG� 0&6� GDWDVHW� FOHDUO\� VKRZV� WKDW� WKH� VWUXFWXUHV� RXWFURSSLQJ� DORQJ�
WKH� VRXWKHDVWHUQ�FRDVW�RI� WKH�*XOI�RI�7ULHVWH� FRQWLQXH�ZHVWZDUG� LQWR� WKH�RIIVKRUH�DUHD��)RU�
H[DPSOH��RQH�RI� WKH�PRVW�SURPLQHQW�VWUXFWXUHV� LV�D�VHYHUDO�NLORPHWHUV�ZLGH�DQWLFOLQH� LQ� WKH�
carbonates, that corresponds to the Izola anticline, a small isolated limestone outcrop along 
WKH�FRDVW�HQWLUHO\�VXUURXQGHG�E\�WKH�)O\VFK��)LJ������2XU�VHLVPLF�SUR¿OHV�VKRZ�WKDW�WKH�D[LV�RI�
WKH�DQWLFOLQH�FRQWLQXHV�LQWR�WKH�JXOI�LQ�WKH�1:�6(�GLUHFWLRQ�DQG�SOXQJHV�PRGHUDWHO\�WRZDUGV�
WKH�1:��7KH�FRQIRUPDEO\�RYHUO\LQJ�)O\VFK�OD\HUV�RQ�WKH�WRS�RI�WKH�FDUERQDWHV�DUH�DIIHFWHG�
E\� IROGLQJ�� DQG� WKH� DQWLFOLQH� LV� FRYHUHG� E\� VXE�KRUL]RQWDO� 4XDWHUQDU\� VHGLPHQWV�� ZKLFK�
GHPRQVWUDWHV� WKDW� WKH� RQVHW� RI� IROGLQJ� SRVWGDWHV� WKH� GHSRVLWLRQ� RI� WKH� )O\VFK�� DQG� WKDW� WKH�
GHIRUPDWLRQ�WHUPLQDWHG�E\�WKH�4XDWHUQDU\�

3RVW�WKUXVWLQJ�WUDQVSUHVVLRQDO�UHDFWLYDWLRQ�DIIHFWHG�ERWK�WKH�0HVR]RLF�H[WHQVLRQDO�IDXOWV�DW�
WKH�SDOHRVKHOI�PDUJLQ�DQG�VORSH�V\VWHP�RI�WKH�FDUERQDWH�SODWIRUP��DQG�WKH�IDXOWV�FRQWUROOLQJ�WKH�
3DOHRJHQH�LQWUDSODWIRUP�FDUERQDWH�EDVLQV��DV�ZHOO�DV�WKH�&HQR]RLF�WKUXVWV�DQG�IROGV��7KHVH�IDXOWV�
DUH�VXEYHUWLFDO�DQG�GLVSODFH�WKH�&DUQLDQ�8QFRQIRUPLW\��DQG�DUH�DVVRFLDWHG�ZLWK�WUDQVSUHVVLRQDO�
ÀRZHU� VWUXFWXUHV� WKDW�GHIRUP� WKH�FDUERQDWHV�DQG� WKH�(RFHQH�)O\VFK��$GGLWLRQDOO\�� WKH� IDXOW�
VWUDQGV�FOHDUO\�YHUWLFDOO\�RIIVHW�WKH�3OLRFHQH�8QFRQIRUPLW\�IRU�VHYHUDO�PHWHUV�WR�VHYHUDO�WHQV�RI�
PHWHUV��:HDN�GHIRUPDWLRQ�RI�WKH�RYHUO\LQJ�PDULQH�DQG�FRQWLQHQWDO�4XDWHUQDU\�VHGLPHQWV�FDQ�
DOVR�EH�LQIHUUHG��:H�DWWULEXWH�WKLV�WUDQVSUHVVLRQDO�DFWLYLW\�WR�WKH�RQJRLQJ�QRUWKZDUG�PRYHPHQW�

)LJ����±�%UXWH�VWDFN�RI�WKH�PXOWLFKDQQHO�VHLVPLF�SUR¿OHV�DFTXLUHG�DORQJ�WKH�,VWULDQ�FRDVWV��DFURVV�WKH�,]ROD�$QWLFOLQH��
,QVHW�PDS�ZLWK�RQVKRUH�ORFDWLRQ�RI�WKH�,]ROD�$QWLFOLQH�DQG�WKH�VHLVPLF�SUR¿OHV��UHG�OLQH��
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RI�WKH�$GULD�PLFURSODWH��ZHOO�GRFXPHQWHG�E\�*36�GDWD��L�H��:HEHU�HW�DO�, 2010). In the Gulf of 
7ULHVWH�DQG�LWV�LPPHGLDWH�VXUURXQGLQJV��QR�KLVWRULFDO�UHFRUGV�RI�ORFDO�VHLVPLF�HYHQWV�DUH�NQRZQ��
DQG�RQO\�ORZ�PDJQLWXGH�HYHQWV����0����ZLWK�ERWK�VKDOORZ�DQG�GHHS�K\SRFHQWHUV�KDYH�EHHQ�
UHFRUGHG�E\�WKH�6LVPRPHWULF�1HWZRUN�RI�WKH�2*6��RSHUDWLQJ�VLQFH�������+RZHYHU��WKH�YHU\�
PRGHVW�VHLVPLF�UHFRUG�PD\�EH�LQÀXHQFHG�E\�WKH�ORZ�GHIRUPDWLRQ�UDWH�DQG�RU�ORQJ�UHFXUUHQFH�
WLPHV�RI�HDUWKTXDNHV��

%RWK�WKH�0&6�DQG�&KLUS�GDWD�VKRZ�VHLVPLF�HYLGHQFH�RI�ÀXLG�RFFXUUHQFHV�DQG�PLJUDWLRQ�LQ�
WKH�4XDWHUQDU\�VHGLPHQW�FRYHULQJ�WKH�PDLQ�IDXOW�]RQHV��)LJ������7KHVH�ÀXLGV�FDQ�EH�UHODWHG�WR�
HLWKHU�ZDWHU�RU�JDV�RFFXUHQFH��DV�WKH�SUHVHQFH�RI�ERWK�LV�ZHOO�GRFXPHQWHG�LQ�WKH�DUHD�

/RZ�HQWKDOS\�ZDWHUV�RFFXU�ZLWKLQ�WKH�FDUERQDWHV�DQG�FRQVWLWXWH�WKH�JHRWKHUPDO�UHVHUYRLU�
of the region (Calore HW�DO����������7KH\�DUH�ZHOO�NQRZQ�LQ�WKH�FRDVWDO�)ULXOL�3ODLQ��ZHUH�WKH\�
DUH� DOUHDG\� XVHG� DV� JHRWKHUPDO� UHVRXUFHV�� 7R� IXUWKHU� H[SORLW� WKH� JHRWKHUPDO� SRWHQWLDO�� WKH�
*UDGR���ZHOO�ZDV�GULOOHG�LQ�������7KH�ZHOO�HQFRXQWHUHG�WKHUPDO�ZDWHU�LQ�IUDFWXUHG�FDUERQDWHV�
DW��������&�DW�GHSWKV�EHWZHHQ�����DQG�����PHWHUV��DQG�IURP������WR�GRZQKROH�DW������PHWHUV�
(Della Vedova HW�DO�, 2008; Cimolino HW�DO����������/RZ�HQWDOSK\��DERXW����&��QDWXUDO�VSULQJV�
RI�VXOSKXURXV�VDOW\�DONDOLQH�ZDWHUV��'RUR��������DUH�SUHVHQW�RQ�ODQG�FORVH�WR�WKH�QRUWKHDVWHUQ�
FRDVW�RI�WKH�JXOI�DW�WKH�5RPDQ�%DWKV�RI�0RQIDOFRQH��ZKLFK�DUH�H[SORLWHG�VLQFH�DQFLHQW�WLPHV��
7KH�VSULQJV�DUH�ORFDWHG�IHZ�PHWHUV�EHORZ�WKH�SODLQ��DQG�DUH�FRPLQJ�RXW�DORQJ�IDXOWV�DQG�NDUVWLF�
FRQGXLWV��2Q�WKH�VRXWKHDVWHUQ�FRDVW�RI�WKH�*XOI��FORVH�WR�WKH�WRZQ�RI�,]ROD��HLJKW�VXEPDULQH�
WKHUPDO�VSULQJV�RFFXU�ZLWK�WHPSHUDWXUH�IURP����WR����&��äXPHU���������

7KH�ORZ�IUHTXHQF\�KRUL]RQV�LQ�WKH�FDUERQDWH�VHTXHQFH��VHHQ�LQ�RXU�PXOWLFKDQQHO�VHLVPLF�
SUR¿OHV��DUH�XVXDOO\�FRQVLGHUHG�DV�DQ�LQGLFDWLRQ�RI�WKH�SUHVHQFH�RI�ÀXLGV��7KH\�PD\�LQGLFDWH�
WKH�RFFXUUHQFHV�RI�VDOW\�ORZ�HQWKDOS\�ZDWHUV��EHORQJLQJ�WR�WKH�VDPH�UHVHUYRLU�V\VWHP�WKDW�ZDV�
GULOOHG�LQ� WKH�*UDGR���ZHOO��7KH�,]ROD�KRW�VSULQJV�DUH� ORFDWHG�FORVH� WR� WKH�FUHVW�RI� WKH�,]ROD�
anticline. This geological setting provides suitable conditions for the rising of the thermal 
ZDWHU�IURP�WKH�UHVHUYRLU�WR�WKH�VHD�ÀRRU�

)OXLG� VHHSLQJV� IURP� WKH� VHD� ÀRRU��PDLQO\� UHODWHG� WR� JDV�� DUH� DOVR� TXLWH� IUHTXHQW� LQ� WKH�
*XOI��7KH\�DUH�ZHOO�NQRZQ�WR�WKH�ORFDO�SRSXODWLRQ�LQ�WKH�1RUWKHUQ�$GULDWLF��DV�WKH\�IDYRXU�WKH�
GHYHORSPHQW�RI�FDUERQDWLF�FRQFUHWLRQV�WKDW�IRUP�XS�WR�D�IHZ�PHWHUV�RI�UHOLHI�RQ�WKH�VHDEHG�DQG�
are called WUH]]H or JUHEHQL�E\�ORFDO�SRSXODWLRQ��*RUGLQL�HW�DO����������������+LJK�UHVROXWLRQ�
VHLVPLF�GDWD�VKRZ�WKH�SUHVHQFH�RI�ELRJHQLF�JDV�SRFNHWV�LQ�VXUIDFH�VHGLPHQWV��ZKLFK�FKHPLFDO�
DQDO\VHV�UHYHDOHG�WKDW�WKH�JDV�FRQVLVWV�SULPDULO\�RI�PHWKDQH�����������QLWURJHQ����������DQG�
R[\JHQ�������������*RUGLQL�HW�DO�, 2004, 2010). 

,Q�PXOWLFKDQQHO�VHLVPLF�SUR¿OHV��XS�WR�VHYHUDO�KXQGUHG�PHWUHV�ZLGH�DUHDV�ZLWK�YHU\�ORZ�
DPSOLWXGH�VLJQDOV�RFFXU�LQ�WKH�4XDWHUQDU\�VHGLPHQWDU\�VHTXHQFH��7KHVH�ORZ�DPSOLWXGH�DUHDV�
PD\�LQGLFDWH�WKH�SUHVHQFH�RI�ÀXLGV�ZLWKLQ�WKH�VHGLPHQW��,Q�&KLUS�SUR¿OHV��ÀXLG�DFFXPXODWLRQ�
]RQHV� LQ� WKH� ODWH� 3OHLVWRFHQH� VHGLPHQWV� DUH� FKDUDFWHUL]HG� E\� WUDQVSDUHQW� DFRXVWLF� IDFLHV��
$FFXPXODWLRQV� RI� ÀXLGV� DUH� XVXDOO\� DVVRFLDWHG� ZLWK� PDMRU� IDXOW� ]RQHV� RFFXUULQJ� LQ� WKH�
XQGHUO\LQJ�SUH�4XDWHUQDU\�FDUERQDWH�DQG� WXUELGLWH�VHTXHQFH��HVSHFLDOO\�ZLWK� WKH�IDXOWV� WKDW�
LQGLFDWH�4XDWHUQDU\�DFWLYLW\��:H�WKHUHIRUH�VSHFXODWH�WKDW�WKH�RULJLQ�RI�DFFXPXODWLRQV�LV�UHODWHG�
WR�ÀXLG�PLJUDWLRQ�DORQJ�WKH�PDLQ�IUDFWXUH�IDXOW�]RQHV�

)OXLGV�FDQ�DOVR�ULVH�XS�WR�WKH�VHD�ÀRRU�DV�SOXPHV�LQ�WKH�ZDWHU�FROXPQ�WKDW�ZHUH�UHFRUGHG�
LQ� WKH�&KLUS�SUR¿OHV��)OXLG� VHHSLQJV�SURGXFH� VPDOO� UHOLHI� IRUPV�RQ� WKH� VHDEHG�� VXFK�DV� WKH�
abovementioned WUH]]H or WHJQXH��EXW�DOVR�VPDOO�PXG�YROFDQRHV�DQG�VPDOO�SRFNPDUNV�D�IHZ�
PHWHUV�LQ�GLDPHWHU��$V�DOUHDG\�GRFXPHQWHG�E\�*RUGLQL�HW�DO� (2004, 2010) these resiliences are 
FRQVWLWXWHG�PDLQO\�RI�PHWKDQH�RI�ELRJHQLF�RULJLQ�

7KH�IUDFWXUH�V\VWHPV�PD\�WKHUHIRUH�IDFLOLWDWH�WKH�PLJUDWLRQ�RI�ERWK�GHHS�DQG�VKDOORZ�ÀXLGV��
WKDW� FRQVWLWXWH� RI� ORZ� HQWKDOS\� WKHUPDO� ZDWHUV� LQ� FDUERQDWHV�� DV� ZHOO� DV� RI� JDV�� SULPDULO\�
PHWKDQH��RFFXUULQJ�LQ�WKH�4XDWHUQDU\�DQG�1HRJHQH�VHGLPHQWV�

&RQFOXVLRQV��,QWHUSUHWDWLRQ�RI�VHLVPLF�GDWD�GHPRQVWUDWHG�D�SRO\SKDVH�WHFWRQLF�HYROXWLRQ�
RI�WKH�DUHD��ZKLFK�VWDUWHG�E\�0HVR]RLF�ULIWLQJ�DQG�GHSRVLWLRQ�RI�D�VHYHUDO�NP�WKLFN�FDUERQDWH�
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VXFFHVVLRQ��GLVVHFWHG�E\�QRUPDO�IDXOWV��'XULQJ�&HQR]RLF�RURJHQ\�� WKH�JXOI�DUHD�UHSUHVHQWHG�
WKH� IURQWDO� SDUW� RI� WKH�6:�ZDUG� DGYDQFLQJ�'LQDULF� WKUXVW� V\VWHP�� DQG�ZDV� LQLWLDOO\� EXULHG�
E\� IRUHGHHS� À\VFK� VHGLPHQWV� RI� (RFHQH� DJH�� WKHQ� DIIHFWHG� E\� WKUXVWV� LQ� WKH� ¿QDO� VWDJH� RI�
'LQDULF� GHIRUPDWLRQ�� ,Q� /DWH� &HQR]RLF� FRQWLQXLQJ� FRQYHUJHQFH� RI� WKH� $GULDWLF�PLFURSODWH�
WRZDUGV�(XUDVLD�SURGXFHG�WUDQVSUHVVLRQDO�UHDFWLYDWLRQ�RI�WKH�IDXOWV��ZKLFK�PLJKW�EH�FRQWLQXLQJ�
LQWR�WKH�SUHVHQW�WLPH��DV�VHLVPLF�SUR¿OHV�KDYH�UHYHDOHG�WKDW�WHFWRQLF�GHIRUPDWLRQ�LV�DIIHFWLQJ�
WKH�4XDWHUQDU\�PDULQH� DQG� FRQWLQHQWDO� VHGLPHQWV��:H� IRXQG�JHRSK\VLFDO� HYLGHQFH� RI�ÀXLG�
PLJUDWLRQV�WKURXJK�WKH�VHGLPHQWDU\�XQLWV��WKDW�DUH�VSDWLDOO\�DVVRFLDWHG�ZLWK�PDMRU�QHRWHFWRQLF�
IDXOW�]RQHV��1HRWHFWRQLF�DFWLYLW\�SURYLGHV�SHUPHDEOH�IUDFWXUH�V\VWHPV�DORQJ�ZKLFK�WKH�ÀXLGV�
PLJUDWH��7KH�ÀXLGV�PD\�FRPH�ERWK�IURP�WKH�ORZ�HQWKDOSK\�FDUERQDWH�UHVHUYRLU��DV�ZHOO�DV�IURP�
WKH�WHUULJHQRXV�VHGLPHQWDU\�VHTXHQFH�EHDULQJ�ELRJHQLF�JDV��
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