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FLUIDS IN THE CRUST

7KH�FKHPLFDO�EHKDYLRU�RI�ÀXLGV�UHOHDVHG�GXULQJ�GHHS�VXEGXFWLRQ�EDVHG�RQ�ÀXLG�LQFOXVLRQV�
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7KLV�UHYLHZ�FRPELQHV�ÀXLG�LQFOXVLRQ�GDWD�IURP��+3��8+3�URFNV�ZLWK�H[SHULPHQWDO�UHVHDUFK�DQG�

WKHUPRG\QDPLF�PRGHOV�WR�LQYHVWLJDWH�WKH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�RI�ÀXLGV�UHOHDVHG�GXULQJ�
/##$*5FI/F4'1+)6*'.#1&*5+20#)'*%)/*#2#(#)'*'&%)5$+&'*4%$%41'86*%)/*'.#*5FI5#JF#)'*1($214%'1+)5*,+&*
WKH�HOHPHQW�UHF\FOLQJ�LQ�WKH�PDQWOH�ZHGJH��$Q�LPSUHVVLYH�QXPEHU�RI�ÀXLG�LQFOXVLRQ�VWXGLHV�LQGLFDWH�
WKUHH�PDLQ�SRSXODWLRQV�RI�ÀXLG�LQFOXVLRQV�LQ�+3�DQG�8+3�PHWDPRUSKLF�URFNV������DTXHRXV�DQG�RU�
QRQ�SRODU�JDVHRXV�ÀXLG�LQFOXVLRQV��),�������PXOWLSKDVH�VROLG�LQFOXVLRQV��06,���DQG�����PHOW�LQFOXVLRQV�
�0,���&KHPLFDO�GDWD�IURP�SUHVHUYHG�ÀXLG� LQFOXVLRQV� LQ�URFNV�PDWFK�ZLWK�DQG� LPSOHPHQW�³PRGHO´�
ÀXLGV�E\�H[SHULPHQWV�DQG�WKHUPRG\QDPLFV��UHYHDOLQJ�D�FRQWLQXLW\�EHKLQG�WKH�H[WUHPH�YDULDWLRQV�RI�
SK\VLFR�FKHPLFDO�SURSHUWLHV�RI�VXEGXFWLRQ�]RQH�ÀXLGV��)URP�IRUH�DUF�WR�VXE�DUF�GHSWKV��ÀXLGV�UHOHDVHG�
E\�SURJUHVVLYH�GHYRODWLOL]DWLRQ�UHDFWLRQV�IURP�VODE�OLWKRORJLHV�FKDQJH�IURP�UHODWLYHO\�GLOXWHG�FKORULGH�
EHDULQJ�DTXHRXV�VROXWLRQV��rK>���PDLQO\�LQÀXHQFHG�E\�KDOLGH�OLJDQGV��WR��DONDOL��DOXPLQRVLOLFDWH�ULFK�
DTXHRXV�ÀXLGV��LQ�ZKLFK�SRO\PHUL]DWLRQ�SUREDEO\�JRYHUQV�WKH�VROXELOLW\�DQG�WUDQVSRUW�RI�PDMRU��H�J���
6L�DQG�$O��DQG�WUDFH�HOHPHQWV��LQFOXGLQJ�&���)OXLG�LQFOXVLRQ�VWXGLHV�SRLQW�WR�D�UHFRQVLGHUDWLRQ�RI�WKH�
SHWURORJLFDO�PRGHOV�H[SODLQLQJ�GHHS�YRODWLOH�OLEHUDWLRQ��DQG�WKHLU�ÀX[�LQWR�WKH�PDQWOH�ZHGJH�

.H\ZRUGV��6XEGXFWLRQ�]RQHV��IOXLG�LQFOXVLRQV��8+3�PHWDPRUSKLF�URFNV��YRODWLOH�F\FOLQJ��PDQWOH�
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DQG�LWV�LPSOLFDWLRQV�IRU�HOHPHQW�F\FOLQJ�DQG�IOX[�PHOWLQJ�LQ�WKH�
(%)'2#*L#/D#6*L.14.*4%F5#5*'.#*,+&(%'1+)*+,*%&4*(%D(%56*.%5*
EHHQ�D�VXEMHFW�RI�JURZLQJ�LQWHUHVW�LQ�WKH�ODVW����\HDUV��H�J���0DQ�
QLQJ�������%HERXW��������������([SHULPHQWDO�DQG�WKHRUHWLFDO�
UHVHDUFK�UHSUHVHQWV�D�PDMRU�WRRO�IRU�XQGHUVWDQGLQJ�WKH�FKHPLFDO�
DQG�SK\VLFDO�SURSHUWLHV�RI�VODE�GHULYHG�IOXLGV��DQG�IRU�PRGHOLQJ�
WKH�PHWDPRUSKLF�HYROXWLRQ�RI�GHHS�VXEGXFWLQJ�URFNV��H�J���8OPHU�
������3ROL� DQG�6FKPLGW�������0DQQLQJ�������6DQFKH]�9DOOH�
������DQG�UHIHUHQFHV�FLWHG��

&ORVHO\�UHODWHG�WR�WKHRUHWLFDO�DQG�H[SHULPHQWDO�UHVHDUFK�DUH�
VWXGLHV�RI�IOXLG�LQFOXVLRQV�LQ�PHWDPRUSKLF�URFNV��+LJK�SUHVVXUH�
�+3�� DQG� XOWUDKLJK�SUHVVXUH� �8+3�� HFORJLWH�IDFLHV� URFNV� RI�
FUXVWDO�RULJLQ�UHSUHVHQW�DQ�H[FHOOHQW�QDWXUDO�ODERUDWRU\�IRU�WKH�
VWXG\�RI�VXEGXFWLRQ�]RQH�IOXLGV��VLQFH�WKH\�XQGHUZHQW�SUHVVXUH�
%)/*'#($#&%'F&#*4+)/1'1+)5*4+($%&%I2#*'+*'.+5#*.8$+'.#51<#/*'+*
RFFXU�LQ�GHHS�VXEGXFWLQJ�VODEV��&DUVZHOO�DQG�&RPSDJQRQL��������
N*2%&D#*)F(I#&*+,*,2F1/*1)42F51+)*5'F/1#5*1)*#42+D1'#5*%)/*&#2%'#/*
URFNV�KDYH�UHSRUWHG�D�UHPDUNDEOH�YDULHW\�RI�IOXLG�W\SHV��DTXHRXV�
,2F1/5*L1'.*0%&1%I2#*.%21/#*4+)'#)'*r�QRQ�SRODU�JDVHV��H�J���1>6*
EO>��&+=��� DOXPLQRVLOLFDWH�ULFK� DTXHRXV� IOXLGV�� LQWHUPHGLDWH�

EHWZHHQ�VLOLFDWH�PHOW�DQG�ZDWHU��DQG�K\GURXV�VLOLFDWH�PHOWV��FI��
6FDPEHOOXUL� DQG�3KLOLSSRW� ������ )UH]]RWWL� DQG�7RXUHW� ������
)HUUDQGR�HW�DO������E��DQG�UHIHUHQFHV�FLWHG���0DQ\�DPRQJ�WKHVH�
1)42F51+)5*.%0#*2+5'* '.#1&*+&1D1)%2*4+($+51'1+)6*IF'*5+(#*5'122*
SUHVHUYH�WKH�FKHPLVWU\�RI�IOXLG�WUDSSHG�GXULQJ�SURJUDGH�DQG�SHDN�
8+3�PHWDPRUSKLF�FRQGLWLRQV��GHVSLWH�VXEVHTXHQW�H[KXPDWLRQ�
IURP�H[WUHPH�GHSWKV��,Q�WKLV�SDSHU��ZH�KLJKOLJKW�KRZ�IOXLGV�LQ�
LQFOXVLRQV�FDQ�FRQVWUDLQ�DQG�H[SODLQ�GHHS�VXEGXFWLRQ�SURFHVVHV��
N,'#&*$&+01/1)D*%*&#01#L*+,*4F&&#)'*&#5#%&4.*+)*,2F1/*1)42F51+)5*
LQ��+3��8+3�PHWDPRUSKLF�URFNV��ZH�H[SUHVV�RXU�YLHZ�RQ�WKH�
FKHPLFDO�DQG�SK\VLFDO�FKDUDFWHULVWLFV�RI�VXEGXFWLRQ�]RQH�IOXLGV�
$&#5#&0#/*%5*1)42F51+)56*1)42F/1)D*5+20#)'*%)/*#2#(#)'*'&%)5$+&'*
FDSDFLW\��DQG�LPSOLFDWLRQV�WR�F\FOLQJ�RI�YRODWLOHV��)XUWKHU�UHFHQW�
GLVFXVVLRQ�RQ�IOXLG�LQFOXVLRQV�LQ�8+3�PHWDPRUSKLF�URFNV�FDQ�
EH�IRXQG�LQ�6FDPEHOOXUL�DQG�3KLOLSSRW���������7RXUHW�DQG�)UH]�
]RWWL���������)HUUDQGR�HW�DO�������E���=KHQJ�HW�DO����������.OHPG�
��������DQG�+HUPDQQ�HW�DO���������
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)OXLG� LQFOXVLRQV� DUH� WLQ\� YROXPHV� RI�PRELOH� YRODWLOH�ULFK�

SKDVHV�WUDSSHG�LQ�PLQHUDOV�GXULQJ��RU�DIWHU�WKHLU�JURZWK��5RHG�
GHU��������)RU�WKLV�UHDVRQ��WKH\�UHSUHVHQW�WKH�RQO\�SRVVLEOH�ZD\�
'+*%4JF1&#*,1&5'.%)/*1),+&(%'1+)*+)*)%'F&%228*+44F&&1)D*,2F1/5P*
$�GLJHVW�RI�FXUUHQW�PDLQ�UHVHDUFK�RQ�IOXLG�LQFOXVLRQV�LQ�8+3�
HFORJLWH�IDFLHV�PHWDPRUSKLF� VXLWHV� LV� SURYLGHG� LQ�7DEOH� ��� ,W�
5F((%&1<#5* /1,,#&#)'* $1#4#5* +,* 1),+&(%'1+)6* 1)42F/1)D* 1)42F�
VLRQV¶�PDLQ� WH[WXUDO� �VWDJH� RI� WUDSSLQJ�� LQFOXVLRQ� W\SH�� DQG�
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