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abstRaCt

1XPHULFDO�VLPXODWLRQ�RI�VWUDQGHG�GLIIXVLRQ�SUR¿OHV�LQ�SDUWLDOO\�UHVRUEHG�JDUQHW�FU\VWDOV�IURP�WKH�
DXUHROH�RI�WKH�0DNKDYLQHNK�/DNH�3OXWRQ��/DEUDGRU��&DQDGD��\LHOGV�TXDQWLWDWLYH�UDWHV�RI�LQWUDFU\VWDOOLQH�
GLIIXVLRQ�IRU�/L�LQ�JDUQHW��'LIIXVLRQ�FRHI¿FLHQWV�IRU�/L�DW����±����sC and 0.53 GPa are 0.5–1.5 log10 
XQLWV�ORZHU�WKDQ�WKRVH�IRU�GLYDOHQW�FDWLRQV�LQ�WKH�VDPH�VDPSOHV��DQG�PDWFK�WKRVH�IRU�<�DQG�<E��7KLV�
FRUUHVSRQGHQFH�OLNHO\�VWHPV�IURP�FRXSOHG�VXEVWLWXWLRQ�RI�/L�DQG�<��RU�5((��LRQV�LQ�WKH�JDUQHW�VWUXF-
WXUH��WKH�UHTXLUHPHQW�RI�ORFDO�HOHFWURQHXWUDOLW\�OLPLWV�/L�PRELOLW\�WR�EH�QR�IDVWHU�WKDQ�WKDW�RI�<�5((V��
Because of this coupling, Li zoning in garnet is retained to comparatively high temperatures, making 
JDUQHW�D�YDOXDEOH�PRQLWRU�RI�WKH�EHKDYLRU�RI�/L�LQ�GHHS�FUXVWDO�V\VWHPV�
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7KH�XSWDNH�DQG�GLIIXVLRQDO�UHGLVWULEXWLRQ�RI�/L�LQ�URFNV�IURP�
YDULRXV�JHRORJLF�VHWWLQJV�KDV�SURYHQ�WR�EH�DQ�HIIHFWLYH�PRQLWRU�
of fluid-rock and melt-rock interactions, and intracrystalline 
diffusion of Li, along with diffusion-induced isotopic fraction-
ation, offers insights into the kinetics of these processes (e.g., 
Tomascak et al. 2000; Zack et al. 2003; Coogan et al. 2005; 
Magna et al. 2006a; Ionov and Seitz 2008; Dohmen et al. 2010; 
Penniston-Dorland et al. 2010, 2012; Charlier et al. 2012; Rich-
WHU�HW�DO���������,Q�VHYHUDO�PLQHUDOV��LQWUDFU\VWDOOLQH�GLIIXVLRQDO�
homogenization of Li occurs very rapidly at low temperatures 
(e.g., plagioclase: Giletti and Shanahan 1997; clinopyroxene: 
&RRJDQ�HW�DO��������TXDUW]��&KDUOLHU�HW�DO���������RWKHU�PLQHUDOV�
DUH�SDUWLDOO\�UHWHQWLYH��EXW�RQO\�XS�WR�PLG�FUXVWDO�WHPSHUDWXUHV�
(e.g., olivine: Dohmen et al. 2010; zircon: Cherniak and Watson 
�������7KXV�LGHQWLILFDWLRQ�RI�KRVW�SKDVHV�WKDW�DUH�PRUH�KLJKO\�
UHVLVWDQW� WR�/L�GLIIXVLRQ� LV�HVVHQWLDO� WR�GHYHORSPHQW�RI� UREXVW�
high-temperature geochemical recorders of Li systematics.

This study investigates rates of Li diffusion in garnet, ex-
WUDFWLQJ�TXDQWLWDWLYH�GLIIXVLYLWLHV�IRU�/L�IURP�SDUWLDOO\�UHVRUEHG�
FU\VWDOV�E\�PHDQV�RI�QXPHULFDO�VLPXODWLRQ�RI�WKH�HYROXWLRQ�RI�
stranded diffusion profiles at their rims. It documents restricted 
PRELOLW\�RI�/L²DW�UDWHV�LQGLVWLQJXLVKDEOH�IURP�WKH�UDWHV�RI�GLI-
IXVLRQ�RI�<�DQG�<E²WKDW�LV�LQIHUUHG�WR�UHVXOW�IURP�FRXSOLQJ�RI�
WKH�GLIIXVLYH�IOX[HV�RI�/L�WR�WKRVH�RI�<�5((V��DV�D�PHDQV�RI�
SUHVHUYLQJ�ORFDO�FKDUJH�EDODQFH�IRU�/L�ZLWKLQ�WKH�JDUQHW�VWUXFWXUH�

baCKgRounD anD pREvious WoRK

/LWWOH�LV�NQRZQ�DERXW�/L�]RQLQJ�LQ�JDUQHW²DQG�YLUWXDOO\�QRWK-
LQJ�LV�NQRZQ�RI�LWV�GLIIXVLYLW\²RZLQJ�ODUJHO\�WR�WKH�GLIILFXOW\�
of measuring its low concentration at high spatial resolution 
EHIRUH�WKH�DGYHQW�RI�ODVHU�DEODWLRQ�LQGXFWLYHO\�FRXSOHG�SODVPD�
PDVV�VSHFWURPHWU\��/$�,&306���7KH�SRWHQWLDO�IRU�GHWHUPLQLQJ�
/L�GLIIXVLYLW\�LQ�QDWXUDO�JDUQHW�ZDV�VXJJHVWHG�E\�UHFHQW�ZRUN�
�&DUOVRQ�������LQ�ZKLFK�WKH�GLIIXVLYLWLHV�RI�<��5((V��DQG�&U��

SUHVHQW�DW�VXE�SDUWV�SHU�PLOOLRQ�WR�KXQGUHGV�RI�SDUWV�SHU�PLOOLRQ�
levels, were extracted from stranded diffusion profiles measured 
E\�FRQWLQXRXV�/$�,&306�VFDQV��DQG�ZHUH�VKRZQ�WR�EH�FRQVLVWHQW�
ZLWK�DYDLODEOH�H[SHULPHQWDO�GHWHUPLQDWLRQV�DW�VLPLODU�DQG�KLJKHU�
temperatures. This study employs the same materials and closely 
VLPLODU�PHWKRGV��DV�DEVWUDFWHG�LQ�EULHI�KHUH��IXOO�GHWDLOV�PD\�EH�
IRXQG�LQ�&DUOVRQ��������

Granulite-grade metapelites in the aureole of the Makhavinekh 
/DNH�3OXWRQ��0/3��RI�QRUWKHUQ�/DEUDGRU��&DQDGD��GHYHORSHG�
QHDUO\� KRPRJHQHRXV� WUDFH�HOHPHQW� GLVWULEXWLRQV� LQ� JDUQHW�
during long residence at high temperatures in the deep crust 
�0F)DUODQH�HW�DO��������.HOO\�HW�DO��������&DUOVRQ��������7KH�
URFNV�ODWHU�ZHUH�VXEMHFWHG�WR�FRQWDFW�PHWDPRUSKLVP�DW�PRGHVW�
SUHVVXUH�������*3D��WKDW�SURGXFHG�SHDN�WHPSHUDWXUHV�UDQJLQJ�
from ~900 sC near the contact to ~700 sC at distances of 4–5 km 
IURP�LW��0F)DUODQH�HW�DO��������&DUOVRQ��������7KHVH�FRQGLWLRQV�
UHQGHUHG�JDUQHW�XQVWDEOH��DQG�LQFRPSOHWH�UHDFWLRQ�LQ�WKH�QHDUO\�
anhydrous aureole generated coronal reaction zones dominated 
E\�FRUGLHULWH���RUWKRS\UR[HQH�ZLWK�DFFHVVRU\�PRQD]LWH��0F)DU-
ODQH�HW�DO���������HQFORVLQJ�UHOLFW�JDUQHWV�ZKRVH�ULPV�GHYHORSHG�
VWUDQGHG�GLIIXVLRQ�SURILOHV��6'3V���7KHVH�6'3V�DUH�JUDGLHQWV�LQ�
concentration reflecting diffusional modifications in response 
WR� ULP� FRPSRVLWLRQV� WKDW� DSSURDFKHG� ORFDO� HTXLOLEULXP�ZLWK�
WKH�LPPHGLDWHO\�DGMDFHQW�FRURQDO�DVVHPEODJH�GXULQJ�UHDFWLRQ��
3DUWLWLRQLQJ�IDYRUDEOH�WR�JDUQHW�SURGXFHG�RXWZDUG�LQFUHDVHV�LQ�
concentrations of Mn, Fe, Y, Cr, and REEs from Gd to Lu; par-
WLWLRQLQJ�IDYRUDEOH�WR�WKH�FRURQDO�SURGXFW�DVVHPEODJH�SURGXFHG�
outward decreases in concentrations of Mg, Ca, Nd, Sm, and Eu.

Extraction of diffusivities from these SDPs relies on nu-
merical simulation of their evolution. Calculated profiles that 
coincide closely with measured profiles emerge from a model 
of multicomponent diffusion in a sphere undergoing resorption 
ZKLOH�SDUWLWLRQLQJ�HOHPHQWV�EHWZHHQ�LWV�RXWHUPRVW�ULP�DQG�LWV�
H[WHUQDO� HQYLURQPHQW��7KH�PRGHO� UHTXLUHV�DV� LQSXW�� DQ� LQLWLDO�
concentration profile; values for the pre-exponential constant 
and the activation energy in Arrhenius expressions for the tracer 
diffusion coefficients for each of the diffusing components; the 
variation of temperature with time during the resorption/diffusion 


