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abstraCt

The partitioning of Zr between high P-T�DTXHRXV�ÀXLGV�DQG�PHOWV�KDV�EHHQ�LQYHVWLJDWHG�LQ�VLWX�LQ�WKH�
haplogranite-H2O and haplogranite-(F)-H22�V\VWHPV�WR�DVVHVV�WKH�PRELOL]DWLRQ�RI�KLJK�¿HOG�VWUHQJWK�
HOHPHQWV��+)6(��LQ�PDJPDWLF�K\GURWKHUPDO�SURFHVVHV�LQ�VXEGXFWLRQ�]RQHV��7KH�SDUWLWLRQ�FRHI¿FLHQWV�
Df/

Z
m
r� �ZHUH�GHWHUPLQHG�IURP�=U�FRQFHQWUDWLRQV�PHDVXUHG�LQ�VLWX�E\�V\QFKURWURQ�;�UD\�ÀXRUHVFHQFH�

�6;5)��LQ�ERWK�DTXHRXV�ÀXLGV�DQG�)�IUHH�RU�)�EHDULQJ�K\GURXV�KDSORJUDQLWH�PHOWV�HTXLOLEUDWHG�LQ�
GLDPRQG�DQYLO�FHOOV�DW�����WR�����qC and 0.3 to 2.4 GPa. This experimental approach eliminates the 
need for internal or external calibrations of the SXRF signal and/or post-mortem analysis of the melt 
phase, hence decreasing the total uncertainties on Df/

Z
m
r��EHORZ������$ERYH�����*3D��=U�SDUWLWLRQV�IDYRU-

ably into the hydrous silicate melt in both F-free and F-bearing systems, with Df/
Z

m
r  that range between 

0.19 r 0.02 and 0.38 r�������+RZHYHU��WKH�UHODWLYHO\�KLJK�Df/
Z

m
r��YDOXHV�LQGLFDWH�WKDW�DONDOL�VLOLFD�ULFK�

DTXHRXV�ÀXLGV�JHQHUDWHG�E\�PHWDPRUSKLF�GHYRODWLOL]DWLRQ�PD\�FRQWULEXWH�VLJQL¿FDQWO\�WR�WKH�UHF\FOLQJ�
RI�+)6(�LQ�VXEGXFWLRQ�]RQHV��7KH�HI¿FLHQW�XSWDNH�RI�=U��DQG�OLNHO\�RWKHU�+)6(��E\�VXEGXFWLRQ�]RQH�
ÀXLGV��UHJDUGOHVV�RI�WKHLU�QDWXUH��DTXHRXV�ÀXLG��K\GURXV�PHOW��RU�VXSHUFULWLFDO�ÀXLG���VXSSRUWV�WKH�LGHD�
that the typical HFSE depletion recorded in arc magmas does not result from their incompatibility in 
ZDWHU�ULFK�VODE�GHULYHG�ÀXLGV�EXW�PRVW�SUREDEO\�RULJLQDWHV�IURP�FRPSOH[�ÀXLG�PHOW�URFN�LQWHUDFWLRQV�
occurring at the slab interface and within the mantle wedge. At shallow crustal pressure conditions 
(800 q&�DQG�����*3D���=U�SDUWLWLRQV�UHYHUVHO\�LQWR�WKH�DTXHRXV�ÀXLG�LQ�WKH�SUHVHQFH�RI�ÀXRULQH��Df/

Z
m
r  = 

1.40 r�������DV�REVHUYHG�IRU�1E�DW�VLPLODU�FRQGLWLRQV�E\�:HEVWHU�HW�DO����������7KH�HQULFKPHQW�RI�
WKH�DTXHRXV�SKDVH�LQ�+)6(��=U��1E��DW�VKDOORZ�FUXVWDO�FRQGLWLRQV�LV�OLNHO\�UHODWHG�WR�WKH�HQKDQFHG�
SHUDONDOLQLW\�RI�ORZ�SUHVVXUH��)�EHDULQJ�DTXHRXV�ÀXLG�ZLWK�WHPSHUDWXUH��WKDW�SURYLGHV�WKH�IDYRUDEOH�
FRQGLWLRQV�IRU�WKHLU�PRELOL]DWLRQ�YLD�WKH�IRUPDWLRQ�RI�+)6(�2�6L�1D�FOXVWHUV��7KLV�PHFKDQLVP�PD\�
control the enrichment in HFSE (and plausibly other rare metals such as REE) in early magmatic 
ÀXLGV�H[VROYHG�IURP�JUDQLWLF�PHOWV��OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�+)6(�HQULFKHG�DJJUHJDWHV�LQ�VKDOORZ�
PDJPDWLF�K\GURWKHUPDO�HQYLURQPHQWV��H�J���6WUDQJH�/DNH�DQG�7KRU�/DNH�1HFKDODFKR�GHSRVLW��&DQDGD��
Galineiro complex, Spain).
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introduCtion

,W�LV�ZLGHO\�DFFHSWHG�WKDW�YRODWLOH�ULFK�IOXLGV�UHOHDVHG�IURP�
WKH�VXEGXFWLQJ�VODE�IDYRU�SDUWLDO�PHOWLQJ�RI�WKH�PDQWOH�ZHGJH�
DQG�GULYH�DUF�PDJPDWLVP��+HUPDQQ�HW�DO��������-RKQVRQ�DQG�
3ODQN�������0DQQLQJ�������6FKPLGW�DQG�3ROL�������6WHUQ��������
+RZHYHU�� WKH� OLQN�EHWZHHQ� WKH�FKHPLVWU\�RI� VXEGXFWLRQ�]RQH�
fluids (e.g., aqueous fluid, supercritical liquid, or slab melt) 

and the trace element signature of arc magmas remains poorly 
XQGHUVWRRG��6XEGXFWLRQ�UHODWHG�YROFDQLF�URFNV�DUH�FKDUDFWHUL]HG�
by a strong enrichment in large ion lithophile elements (LILE: 
Sr, Rb, Th, U…) and a depletion in high field strength elements 
(HFSE: Nb, Ta, Zr, Ti, Hf) compared to mid-ocean ridge basalts 
�*LOO�������+DZNHVZRUWK�HW�DO���������7KLV�VLJQDWXUH�LV�PDLQO\�
FRQWUROOHG�E\�WKH�LQFRPSDWLEOH�RU�FRPSDWLEOH�EHKDYLRU�RI�WUDFH�
HOHPHQWV�XSRQ�IOXLG�PHOW�URFN�LQWHUDFWLRQV�LQ�WKH�VODE�DQG�RU�WKH�
mantle wedge. For instance, the HFSE depletion has commonly 
been assigned to the low solubility of HFSE-bearing accessory 
phases, such as rutile or zircon, in H2O (Antignano and Man-
QLQJ�������$XGHWDW�DQG�.HSSOHU�������7URSSHU�DQG�0DQQLQJ�
������DQG�WKHLU�VHOHFWLYH�VHJUHJDWLRQ�LQ�PLQHUDOV�IURP�WKH�VODE�
RU�WKH�PDQWOH�ZHGJH�VXFK�DV�7L�FOLQRKXPLWH��ROLYLQH��S\UR[HQHV��
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