
FLUIDS IN THE CRUST

7KH�PRELOLW\�RI�1E�LQ�UXWLOH�VDWXUDWHG�1D&O��DQG�1D)�EHDULQJ�DTXHRXV�ÀXLGV�IURP�
!"#$%&'()&)*+&,--".--&/01

!"#$%&!'()%*)'%+#,-./.0.)%1%2),#23+-.)3"#4!5)',6(%7+!5/.8.)9%7")6(3:;.)<72#+=)>#%3;.)
9%2!"%)&75+"!</.8.)6(5#,'39(!5)?*)6"#+!)##/.8.)?3(+)2*)(%+6(%5@.)'(32%,)9!''A!B.)

=73<#+),(!+@)%+1)<7,(!+=)$(%3@)

!"#$%&'#()'"(*+$,(-.(%#/'01+.(1.23'4(+*.$2+%5',6'7+1&+8#(3'9:;<'=>=>'?+%%/.'@A+/)+(83'!!BB'C,$%&'4(+*.$2+%5'D*.(A.3'D(('D$E,$3''
7+1&+8#('<F!BG3'4>0>D>

9H+8&'I$.22A$.'01+.(1.'#()'"(8+(..$+(8'=.(%.$3'4(+*.$2+%5',6'C.*#)#3'?#2'J.8#23'<:B:'0>'7#$5/#()'I#$KL#53'@I@'9BG'@,M'<:<BB93''
?#2'J.8#23'C.*#)#'FG!:<3'4>0>D>

;N.O#$%-.(%',6'P.,21+.(1.3'4(+*.$2+%5',6'C.*#)#3'?#2'J.8#2'<:B:'0>'7#$5/#()'I#$KL#53'?#2'J.8#23'C.*#)#'FG!:<3'4>0>D>
<HI=DQ3'@/)>'<;<"3'D)*#(1.)'I&,%,('0,A$1.3'D$8,((.'C#%+,(#/'?#E,$#%,$53'D$8,((.3'R//+(,+2'SB<;G3'4>0>D>

:"#$%&'01+.(1.23'7.-,$+#/'4(+*.$2+%5',6'C.L6,A()/#()3'0%>'T,&(U23'C.L6,A()/#()'D!=':0V3'=#(#)#
SR(2%+%A%.',6'P.,/,8+1#/'01+.(1.23'4(+*.$2+%5',6'@.$(3'@#/%W.$2%$#22.'!X;'=HY;B!9'@.$(3'0L+%W.$/#()

%&,'5%6'
ZA%+/.'[Q+\9��LV�DQ�LPSRUWDQW�KRVW�SKDVH�IRU�KLJK�¿HOG�VWUHQJWK�HOHPHQWV��+)6(��VXFK�DV�1E�LQ�

-.%#-,$O&+1'#()'2AE)A1%+,('W,(.'.(*+$,(-.(%2>'Q&.',E2.$*.)').O/.%+,(',6'CE'+('#$1'$,1K2'+2',6%.('
H[SODLQHG�E\�WKH�K\SRWKHVLV�WKDW�UXWLOH�VHTXHVWHUV�+)6(�LQ�WKH�VXEGXFWHG�VODE�DQG�RYHUO\LQJ�VHGLPHQW��
DQG�LV�FKHPLFDOO\�LQHUW�ZLWK�UHVSHFW�WR�DTXHRXV�ÀXLGV�HYROYHG�GXULQJ�SURJUDGH�PHWDPRUSKLVP�LQ�WKH�
IRUHDUF�WR�VXEDUF�HQYLURQPHQW��+RZHYHU��¿HOG�REVHUYDWLRQV�RI�H[KXPHG�WHUUDQHV��DQG�H[SHULPHQWDO�
VWXGLHV�� LQGLFDWH� WKDW�+)6(�PD\�EH�VROXEOH� LQ�FRPSOH[�DTXHRXV�ÀXLGV�DW�KLJK�SUHVVXUH� �L�H���!����
*3D��DQG�PRGHUDWH�WR�KLJK�WHPSHUDWXUH��L�H���!�����&���,Q�WKLV�VWXG\��ZH�LQYHVWLJDWHG�H[SHULPHQWDOO\�
WKH�PRELOLW\�RI�1E�LQ�1D&O��DQG�1D)�EHDULQJ�DTXHRXV�ÀXLGV�LQ�HTXLOLEULXP�ZLWK�1E�EHDULQJ�UXWLOH�DW�
SUHVVXUH�WHPSHUDWXUH�FRQGLWLRQV�DSSOLFDEOH�WR�ÀXLG�HYROXWLRQ�LQ�DUF�HQYLURQPHQWV��1LRELXP�FRQFHQWUDY
WLRQV�LQ�DTXHRXV�ÀXLG�DW�UXWLOH�VDWXUDWLRQ�ZHUH�PHDVXUHG�GLUHFWO\�E\�XVLQJ�D�K\GURWKHUPDO�GLDPRQG�
DQYLO�FHOO��+'$&��DQG�V\QFKURWURQ�;�UD\�ÀXRUHVFHQFH��6;5)��DW�����WR�����*3D�DQG����±�����&��
#()'+()+$.1%/5'E5'O.$6,$-+(8'-#22'/,22'.MO.$+-.(%2'+('#'O+2%,(Y15/+().$'[I=]'#OO#$#%A2'#%'̂ !'PI#'#()'
���±�����&��7KH�FRQFHQWUDWLRQ�RI�1E�LQ�D����ZW��1D&O�DTXHRXV�ÀXLG�LQFUHDVHV�IURP���WR����ȝJ�J�DV�
WHPSHUDWXUH�LQFUHDVHV�IURP�����WR������&��RYHU�D�SUHVVXUH�UDQJH�IURP�����WR�����*3D��FRQVLVWHQW�ZLWK�
D�SRVLWLYH�WHPSHUDWXUH�GHSHQGHQFH��7KH�FRQFHQWUDWLRQ�RI�1E�LQ�D����ZW��1D&O�DTXHRXV�ÀXLG�YDULHV�
IURP����WR�����ȝJ�J�DW�����WR������&��RYHU�D�SUHVVXUH�UDQJH�IURP�����WR�����*3D��KRZHYHU��WKHUH�LV�QR�
GLVFHUQLEOH�WHPSHUDWXUH�RU�SUHVVXUH�GHSHQGHQFH��7KH�1E�FRQFHQWUDWLRQ�LQ�D���ZW��1D)�EHDULQJ�DTXHRXV�
ÀXLG�LQFUHDVHV�IURP�����WR�����ȝJ�J�DV�WHPSHUDWXUH�LQFUHDVHV�IURP�����WR������&�RYHU�WKH�SUHVVXUH�
UDQJH�����WR�����*3D��7KH�GDWD�IRU�WKH�)�EHDULQJ�ÀXLG�LQGLFDWH�WKDW�WKH�1E�FRQWHQW�RI�WKH�ÀXLG�H[KLELWV�
D�GHSHQGHQFH�RQ�WHPSHUDWXUH�EHWZHHQ�����DQG������&�DW����*3D��EXW�WKHUH�LV�QR�REVHUYHG�GHSHQGHQFH�
,('O$.22A$.>'Q,8.%&.$3'%&.')#%#').-,(2%$#%.'%&#%'%&.'&5)$,%&.$-#/'-,E+/+%5',6'CE'+2'2%$,(8/5'1,(%$,//.)'
E\�WKH�FRPSRVLWLRQ�RI�WKH�ÀXLG��FRQVLVWHQW�ZLWK�SXEOLVKHG�GDWD�IRU�7L��$W�DOO�H[SHULPHQWDO�FRQGLWLRQV��
KRZHYHU��WKH�FRQFHQWUDWLRQ�RI�1E�LQ�WKH�ÀXLG�LV�DOZD\V�ORZHU�WKDQ�FRH[LVWLQJ�UXWLOH��FRQVLVWHQW�ZLWK�D�
$,/.'6,$'$A%+/.'+('-,).$#%+(8'%&.'CE'EA)8.%',6'#$1'$,1K2>
234567+89&H+8&'6+./)'2%$.(8%&'./.-.(%23'(+,E+A-3'25(1&$,%$,(3'&5)$,%&.$-#/')+#-,()'#(*+/'1.//3'

2AE)A1%+,(3'$A%+/.3'#_A.,A2'6/A+)

#+'53176'#3+
D$1'-#8-#2'E.#$'#'1&#$#1%.$+2%+1'8.,1&.-+1#/'%$#1.'./.-.(%'

2+8(#%A$.'1,(2+2%+(8',6'#').O/.%+,(',6'&+8&'6+./)'2%$.(8%&'./.-.(%2'
�+)6(��DQG�HQULFKPHQW�LQ�ODUJH�LRQ�OLWKRSKLOH�HOHPHQWV��/,/(��
#()'/+8&%'$#$.'.#$%&'./.-.(%2'[?Z""]'$./#%+*.'%,'-+)Y,1.#('$+)8.'
EDVDOWV� �*LOO�������+DZNHVZRUWK�HW�DO���������7KUHH�ZRUNLQJ�

&5O,%&.2.2' &#*.' E..(').*./,O.)' %,' .MO/#+(' %&.' 8.,1&.-+1#/'
2+8(#%A$.',6'#$1'-#8-#2>'Q&.'!"#$%'&5O,%&.2+2'+2'%&#%'#21.()+(8'
#_A.,A2'6/A+)2'6$,-'%&.'2/#E'#$.'.($+1&.)'+('?R?"'#()'?Z""3'
UHODWLYH�WR�+)6(��DQG�WKXV�WUDQVIHU�WKLV�VLJQDWXUH�WR�SDUWLDO�PHOWV�
O$,)A1.)'+('%&.'-#(%/.>'Q&+2'&5O,%&.2+2'2A88.2%2'%&#%'-+(.$#/'
SKDVHV� �H�J��� FOLQRS\UR[HQH�� LQ� WKH�PDQWOH� FRQWURO� WKH�+)6(�
EXGJHW� RI�PDQWOH�GHULYHG� VLOLFDWH�PHOW� �+DZNHVZRUWK� ������
+DZNHVZRUWK�HW�DO��������.HOHPHQ�HW�DO��������)ROH\�HW�DO��������
$XGpWDW�DQG�.HSSOHU��������7KH�$&'()*'&5O,%&.2+2'+2'%&#%'-./%'
.M%$#1%+,('6$,-'%&.'-#(%/.'#%'#'E#1KY#$1'2O$.#)+(8'1.(%.$').O/.%.2'
WKH�PDQWOH�LQ�+)6(�SULRU�WR�LWV�LQWHUDFWLRQ�ZLWK�VODE�GHULYHG�IOXLG�

+,&#"'-)./")&#-0(1"$%2.3(04,&.5662.7-1&$.58669586:2.;65<

��������;��������±�����������'2,��KWWS���G[�GRL�RUJ���������DP����������� �''''!SBB'

�(�PDLO��.#%#(+2`A-+1&>.)A
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�

mailto:eatanis@umich.edu



