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REE diffusion in olivine
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Abstract

Diffusion of rare earth elements has been characterized in synthetic forsterite and natural olivine 
(Fo90) under dry conditions. Experiments were prepared by enclosing source material [mixtures of 
rare-earth element (La, Dy, or Yb) aluminate and synthetic forsterite powders in 3:1 proportions] and 
polished forsterite in platinum capsules. For buffered experiments on natural olivine, samples were 
placed with the source in AgPd capsules, sealed under vacuum in silica glass ampoules with a solid 
buffer (NNO, IW, or graphite ). In some experiments, ground natural olivine was also incorporated 
into the source material. Prepared capsules were annealed in 1 atm furnaces for one hour to several 
weeks at 850 to 1300 °C. REE distributions in olivine were profiled by Rutherford backscattering 
spectrometry (RBS).

The following Arrhenius relation is obtained for Dy diffusion in forsterite: 

DDy = 8.0 × 10–10 exp(–289 ± 21 kJ mol–1/RT) m2/s.

Diffusivities of Yb and La in forsterite and for Dy in natural olivine are similar. Experiments run 
on natural olivine show little dependence of diffusion on crystallographic orientation. The Arrhenius 
relation yields diffusivities about three orders of magnitude smaller than those determined for REE 
diffusion in olivine by Spandler et al. (2007) and suggests that timescales for preservation of REE 
signatures in olivine-hosted melt inclusions may be relatively long. REE diffusivities in olivine are an 
order of magnitude faster than those of REE+3 in enstatite (Cherniak and Liang 2007) and in diopside 
under most conditions (Van Orman et al. 2001). Hence, REE signatures in olivine are more likely to 
be altered by diffusion than those of clinopyroxene or orthopyroxene. 
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Introduction

Knowledge of the diffusion behavior of rare earth elements 
(REE) in olivine is important in assessing the timescales of 
olivine/liquid equilibration during the production and transport 
of mantle melts. It is also key in evaluating the reliability of melt 
inclusions as indicators of the composition of trapped mantle 
melts, which may interact diffusively with their host olivine 
during magma ascent, eruption, or cooling. Recent results from 
Spandler et al. (2007) suggest that diffusion of REE in olivine is 
quite rapid, indicating that REE compositions of melt inclusions 
in olivine would equilibrate with external melts on timescales 
from a few years to about a hundred years. 

In this work, results from an experimental study of REE 
diffusion in natural olivine and synthetic forsterite at 1 bar are 
reported. Diffusion coefficients of Dy, La, and Yb were measured 
to assess the effect of cation size on REE diffusion in olivine; 
the effects of crystallographic orientation and oxygen fugacity 
were also explored. These results are contrasted with the findings 
of Spandler et al. (2007) in providing estimates of equilibration 
times for olivine-hosted melt inclusions and considered with 
respect to REE diffusion in other phases to assess timeframes 
for diffusional alteration of REE compositions.

Experimental and analytical methods

Experimental method
Experiments were run on synthetic forsterite from the Morion Company, Mas-

sachusetts, and natural olivine from San Carlos, Arizona (~Fo90). Compositions of 
the olivines are presented in Table 1. The synthetic forsterite is clear and colorless, 
and was grown without the addition of dopants. The forsterite was cut normal to the 
c crystallographic axis, and the natural olivines were cut parallel to either (010) or 
(001) with a low-speed diamond wafering saw. The cut slabs were polished using 
SiC polishing paper, followed by polishing with an automated system in a slurry 
of 1 µm alumina powder in water, and finished by auto-polishing using a 0.06 µm 
colloidal silica suspension to produce an optically featureless finish.
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Table 1. Compositions of olivine used in experiments (from Thomas 
et al. 2008)

	 Synthetic forsterite	 San Carlos olivine
SiO2 (wt%)	 42.96 (0.27)	 40.70 (0.26)
TiO2	 0.02 (0.02)	 tr.
Al2O3	 n.d.	 tr.
FeOt	 n.d.	 11.12 (0.23)
MnO	 tr.	 0.16 (0.05)
MgO	 56.70 (0.26)	 47.78 (0.25)
CaO	 n.d.	 0.09 (0.02)
NiO	 n.d.	 0.35 (0.08)
Cr2O3	 tr.	 0.03( 0.03)
K2O	 n.d	 tr.
  Total	 99.68	 100.22
Notes: Electron microprobe beam conditions used were 15 kV accelerating 
voltage, 15 nA beam current, and 10 µm beam diameter. Numbers in paren-
theses are 1σ uncertainties based on counting statistics. n.d. = not detected; 
tr. = <0.01 wt%


