
FLUIDS IN THE CRUST

7KH�PRELOLW\�RI�1E�LQ�UXWLOH�VDWXUDWHG�1D&O��DQG�1D)�EHDULQJ�DTXHRXV�ÀXLGV�IURP�
1–6.5 GPa and 300–800 °C†

ElizabEth a. tanis1,2,*, adam simon1, olivEr tschaunEr2,3, Paul chow4, Yuming Xiao4, 
PamEla burnlEY2,3, christoPhEr J. clinE ii2,3, John m. hanchar5, thomas PEttkE6, 

guoYin shEn5 and YushEng zhao5 

1Earth and Environmental Sciences, University of Michigan, 2534 C.C. Little Building, 1100 North University Avenue, Ann Arbor,  
Michigan 48109, U.S.A.

2High Pressure Science and Engineering Center, University of Nevada, Las Vegas, 4505 S. Maryland Parkway, BPB 209 Box 454002,  
Las Vegas, Nevada 89154, U.S.A.

3Department of Geoscience, University of Nevada, Las Vegas 4505 S. Maryland Parkway, Las Vegas, Nevada 89154, U.S.A.
4HPCAT, Bld. 434E, Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois 60439, U.S.A.

5Earth Sciences, Memorial University of Newfoundland, St. John’s, Newfoundland A1C 5S7, Canada
6Institute of Geological Sciences, University of Bern, Baltzerstrasse 1+3 CH-3012 Bern, Switzerland

abstract

Rutile (TiO2��LV�DQ�LPSRUWDQW�KRVW�SKDVH�IRU�KLJK�¿HOG�VWUHQJWK�HOHPHQWV��+)6(��VXFK�DV�1E�LQ�
metamorphic and subduction zone environments. The observed depletion of Nb in arc rocks is often 
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�FRQFHQWUD-
WLRQV�LQ�DTXHRXV�ÀXLG�DW�UXWLOH�VDWXUDWLRQ�ZHUH�PHDVXUHG�GLUHFWO\�E\�XVLQJ�D�K\GURWKHUPDO�GLDPRQG�
DQYLO�FHOO��+'$&��DQG�V\QFKURWURQ�;�UD\�ÀXRUHVFHQFH��6;5)��DW�����WR�����*3D�DQG����±�����&��
and indirectly by performing mass loss experiments in a piston-cylinder (PC) apparatus at ~1 GPa and 
���±�����&��7KH�FRQFHQWUDWLRQ�RI�1E�LQ�D����ZW��1D&O�DTXHRXV�ÀXLG�LQFUHDVHV�IURP���WR����ȝJ�J�DV�
WHPSHUDWXUH�LQFUHDVHV�IURP�����WR������&��RYHU�D�SUHVVXUH�UDQJH�IURP�����WR�����*3D��FRQVLVWHQW�ZLWK�
D�SRVLWLYH�WHPSHUDWXUH�GHSHQGHQFH��7KH�FRQFHQWUDWLRQ�RI�1E�LQ�D����ZW��1D&O�DTXHRXV�ÀXLG�YDULHV�
IURP����WR�����ȝJ�J�DW�����WR������&��RYHU�D�SUHVVXUH�UDQJH�IURP�����WR�����*3D��KRZHYHU��WKHUH�LV�QR�
GLVFHUQLEOH�WHPSHUDWXUH�RU�SUHVVXUH�GHSHQGHQFH��7KH�1E�FRQFHQWUDWLRQ�LQ�D���ZW��1D)�EHDULQJ�DTXHRXV�
ÀXLG�LQFUHDVHV�IURP�����WR�����ȝJ�J�DV�WHPSHUDWXUH�LQFUHDVHV�IURP�����WR������&�RYHU�WKH�SUHVVXUH�
UDQJH�����WR�����*3D��7KH�GDWD�IRU�WKH�)�EHDULQJ�ÀXLG�LQGLFDWH�WKDW�WKH�1E�FRQWHQW�RI�WKH�ÀXLG�H[KLELWV�
D�GHSHQGHQFH�RQ�WHPSHUDWXUH�EHWZHHQ�����DQG������&�DW����*3D��EXW�WKHUH�LV�QR�REVHUYHG�GHSHQGHQFH�
on pressure. Together, the data demonstrate that the hydrothermal mobility of Nb is strongly controlled 
E\�WKH�FRPSRVLWLRQ�RI�WKH�ÀXLG��FRQVLVWHQW�ZLWK�SXEOLVKHG�GDWD�IRU�7L��$W�DOO�H[SHULPHQWDO�FRQGLWLRQV��
KRZHYHU��WKH�FRQFHQWUDWLRQ�RI�1E�LQ�WKH�ÀXLG�LV�DOZD\V�ORZHU�WKDQ�FRH[LVWLQJ�UXWLOH��FRQVLVWHQW�ZLWK�D�
role for rutile in moderating the Nb budget of arc rocks.
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introduction

Arc magmas bear a characteristic geochemical trace element 
signature consisting of a depletion of high field strength elements 
�+)6(��DQG�HQULFKPHQW�LQ�ODUJH�LRQ�OLWKRSKLOH�HOHPHQWV��/,/(��
and light rare earth elements (LREE) relative to mid-ocean ridge 
EDVDOWV� �*LOO�������+DZNHVZRUWK�HW�DO���������7KUHH�ZRUNLQJ�

hypotheses have been developed to explain the geochemical 
signature of arc magmas. The first hypothesis is that ascending 
aqueous fluids from the slab are enriched in LILE and LREE, 
UHODWLYH�WR�+)6(��DQG�WKXV�WUDQVIHU�WKLV�VLJQDWXUH�WR�SDUWLDO�PHOWV�
produced in the mantle. This hypothesis suggests that mineral 
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�second hypothesis is that melt 
extraction from the mantle at a back-arc spreading center depletes 
WKH�PDQWOH�LQ�+)6(�SULRU�WR�LWV�LQWHUDFWLRQ�ZLWK�VODE�GHULYHG�IOXLG�
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