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Metamorphic Sample Repository 
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Why use Lithium? 
•  Li is a fluid mobile element 
•  Li partitions into fluid phase at high temperature 

(Kd min-fluid<1)  
•  For many minerals the heavier isotope 

fractionates into fluid phase (δ7Lifluid> δ7Limin) 
•  Lithium diffuses rapidly and can fractionate 

during diffusion 

! 

" 7Li =
7Li 6Lisample #

7Li 6LiL#SVEC
7Li 6LiL#SVEC

$ 

% 
& & 

' 

( 
) ) *1000



Blueschist layer 

Eclogite Blueschist 

Blueschist layer 

Penniston-Dorland et al., 2010 Marschall, unpub. data 

Diffusivity of Li 

" = 0.12 

Fluid flow 

Franciscan 



Geochemical cycling of Li 

!7Li 



Bebout, 2007 

P-T conditions 
 
Catalina Schist 

LOW 

HIGH 

Metamorphic facies 
LA = Lawsonite-albite 
LBS = Lawsonite blueschist 
EBS = Epidote blueschist 
EA = Epidote amphibolite 
AM = Amphibolite 



Conceptual model for metasomatism and fluid flow 
 in Catalina Schist 

after Bebout et al., 1997 



Metasedimentary 
rocks 

LOW GRADE  HIGH GRADE  LOW GRADE  HIGH GRADE  

No systematic change 
in Li concentration and 

!7Li with grade 
 

Contrasts with B, Cs, N all of 
which show dramatic losses 

with metamorphic grade 
 Dehydration reactions 

do not drastically  
affect Li 
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Li concentration 
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Alteration (CIA) 
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Li reflects degree of 
weathering of source 

of protolith 



Metamafic rocks 

Mafic rocks have 
more Li than protolith 

(±10% 2# uncertainty) (±10% 2# uncertainty) # uncertainty) #

infiltration of Li-bearing fluid into block or 
diffusion of Li into block through grain 
boundary fluid. 

Suggests external source of Li 



Metasomatic 
features 

Cobbles 

Veins 

Block rind 

(±10% 2# uncertainty) 

Block core 

Veins, conglomerate 
cobbles, and reaction rinds, 
all features indicative of 
fluid-rock interactions – wide 
range of Li compositions 
 



Calculated fluid !7Li 

Calculated using cpx-fluid fractionation of 
Wunder et al. (2006) [and mica-fluid  
fractionation of Wunder et al. (2007)] 

Local metasedimentary 
rocks as source of Li? 

Fluid compositions of 
metamafic rocks and 

metasomatic features largely 
overlap with fluid 

compositions calculated from 
metasedimentary rocks 



Diffusive 
Fractionation? 

(±10% 2# uncertainty) 

Block rind 

Block core 

Most block cores are have significantly 
lower !7Li than rinds suggesting diffusive 
fractionation 



Observations      Interpretations 

•! No systematic change in Li of 
metasedimentary rocks with grade 

•! No significant effect of dehydration 
on Li – however some loss of Li 
during dehydration likely 

•! Li of metasedimentary rocks 
correlates with CIA 

•! Li reflects weathering of source 
of protolith 



Observations      Interpretations 

•! Li may have diffused into 
blocks 

•! Large difference in Li between 
block cores and rinds 

•! Fluids are derived from local 
metasedimentary rocks 

•! Calculated fluid !7Li for mafic rocks 
& most metasomatic features 
overlaps metasedimentary rocks of 
the same metamorphic grade 

•! Mafic rocks have high Li 
compared to protolith 

•! Mafic rocks interacted with fluids 
likely derived from 
metasedimentary rock 

Mafic block 

Sedimentary rock with veins 



Mafic blocks 


