
Accepted Manuscript

Lithium isotope fractionation by diffusion in minerals Part 2: Olivine

Frank Richter, Marc Chaussidon, E. Bruce Watson, Ruslan Mendybaev,
Veronika Homolova

PII: S0016-7037(17)30546-X
DOI: https://doi.org/10.1016/j.gca.2017.09.001
Reference: GCA 10448

To appear in: Geochimica et Cosmochimica Acta

Received Date: 12 April 2017
Accepted Date: 27 August 2017

Please cite this article as: Richter, F., Chaussidon, M., Bruce Watson, E., Mendybaev, R., Homolova, V., Lithium
isotope fractionation by diffusion in minerals Part 2: Olivine, Geochimica et Cosmochimica Acta (2017), doi: https://
doi.org/10.1016/j.gca.2017.09.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.gca.2017.09.001
https://doi.org/10.1016/j.gca.2017.09.001
https://doi.org/10.1016/j.gca.2017.09.001


  

Lithium isotope fractionation by diffusion in minerals 
Part 2: Olivine 
 
Frank Richtera, Marc Chaussidonb, E. Bruce Watsonc, Ruslan Mendybaeva and 

Veronika Homolovac 

 
aThe University of Chicago, Chicago, IL, USA 

bInstitute Physique du Globe de Paris, Paris, France 

cRensselaer Polytechnic Institute, Troy, NY, USA 

 
Corresponding author: Frank Richter (richter@geosci.uchicago.edu) 
 
8/16/2017 

 
Abstract 
 
Recent experiments have shown that lithium isotopes can be significantly 
fractionated by diffusion in silicate liquids and in augite. Here we report new 
laboratory experiments that document similarly large lithium isotopic fractionation 
by diffusion in olivine. Two types of experiments were used. A powder-source 
method where lithium from finely ground spodumene (LiAlSi2O6) diffused into 
oriented San Carlos olivine, and piston cylinder annealing experiments where 
Kunlun clinopyroxene (~30 ppm lithium) and oriented San Carlos olivine (~2 ppm 
lithium) were juxtaposed. The lithium concentration along traverses across the run 
products was measured using both laser ablation as a source for a Varian 820-MS 
quadrupole mass spectrometer and a CAMECA 1270 secondary ion mass 
spectrometer. The CAMECA 1270 was also used to measure the lithium isotopic 
fractionation across olivine grains recovered from the experiments. The lithium 
isotopes were found to be fractionationed by many tens of permil in the diffusion 
boundary layer at the grain edges as a result of 6Li diffusing significantly faster than 
7Li. The lithium concentration and isotopic fractionation data across the olivine 
recovered from the different experiments were modeled using calculations in which 
lithium was assumed to be of two distinct types – one being fast diffusing interstitial 
lithium, the other much less mobile lithium on a metal site. The two-site diffusion 
model involves a large number of independent parameters and we found that 
different choices of the parameters can produce very comparable fits to the lithium 
concentration profiles and associated isotopic fractionation. Because of this 
nonuniqueness we are able to determine only a range for the relative diffusivity of 
6Li compared to 7Li. When the mass dependence of lithium diffusion is 

parameterized as D6Li
/D7Li

(7 / 6) , the isotope fractionation for diffusion along 

the a and c crystallographic direction of olivine can be fit by =0.4±0.1 while the 
fractionation in the b direction appears to be somewhat lower. Model calculations 
were also used to fit the lithium concentration and isotopic fractionation across a 
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