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Mg diffusion in forsterite from 1250–1600 °C
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Abstract
Mg tracer diffusion coefficients were determined in single crystals of pure synthetic forsterite
(Mg2SiO4). Isotopically enriched powder sources both acted as the 26Mg source and buffered the activities of silica (aSiO2) at forsterite + protoenstatite (Mg2Si2O6) (high aSiO2) and forsterite + periclase
(MgO) (low aSiO2). Experiments were conducted at atmospheric pressure between 1250 and 1600 °C,
and at oxygen fugacities (fO2s) between 10–12 bars (CO-CO2 mix) and 10–0.7 bars (air). The resulting
diffusion profiles were measured along the three principal crystallographic axes (a, b, and c; ||[100],
||[010], ||[001]) using laser ablation–inductively coupled plasma–mass spectrometry (LA-ICP-MS),
with a quadrupole mass spectrometer. These measurements were corroborated by ion microprobe using
the sensitive high resolution ion microprobe-reverse geometry (SHRIMP-RG) instrument.
Mg tracer diffusion is anisotropic, with D[001] > D[010] > D[100], the difference in diffusion coefficients
varying by about one order of magnitude at a given temperature with crystallographic orientation.
Diffusion is faster in protoenstatite-buffered than periclase-buffered conditions, again with around one
order of magnitude difference in diffusivity between buffering conditions. There is no apparent effect
of fO2 on diffusion. A global fit to all data, including data from Chakraborty et al. (1994) and Morioka
(1981) yields the relationship:
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where log10D0 is –3.15 (±0.08), –3.61 (±0.02), and –4.01 (± 0.05) m2 s–1 for the [001], [010], and [100]
directions, respectively (1 s.d.). The LA-ICP-MS technique reproduces diffusion coefficients determined
by SHRIMP-RG, albeit with slightly different absolute values of isotope ratios. This shows that LA-ICPMS, which is both accessible and rapid, is a robust analytical method for such tracer diffusion studies.
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Introduction
The prominence of olivine, (Mg,Fe )2SiO4, as the dominant
mineral in the Earth’s upper mantle, coupled with its experimental accessibility, has led to its transport properties being the
most intensively studied of all silicate minerals. Diffusion especially has received much attention. Following several decades
of research, there is generally good agreement that of the major
elements in (Mg,Fe2+)2SiO4 olivine, Si diffusion is the slowest
of the major elements (Bejina et al. 1999; Dohmen et al. 2002b;
Costa and Chakraborty 2008; Fei et al. 2012), Mg self/tracer or
Fe-Mg inter-diffusion (Buening and Buseck 1973; Chakraborty
1997; Wang et al. 2004; Hier-Majumder et al. 2005; Dohmen
and Chakraborty 2007; Dohmen et al. 2007) is the fastest, and
O diffusion is intermediate (Jaoul et al. 1980; Reddy et al. 1980;
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Ando et al. 1981; Dohmen et al. 2002b). However, there still
remain many contentious and important issues, including the
effects of water (Wang et al. 2004; Hier-Majumder et al. 2005;
Costa and Chakraborty 2008; Fei et al. 2013, 2018), pressure
(Chakraborty et al. 1994; Bejina et al. 1999; Fei et al. 2018), and
silica activity (Zhukova et al. 2014) on diffusion, especially of
trace elements (Spandler and O’Neill 2010; Jollands et al. 2014,
2016; Zhukova et al. 2017).
From an experimental and analytical perspective, studies
of diffusion in olivine have been central to developing and
testing the advantages and drawbacks of different approaches
and procedures. Experimental anneals to produce measurable
diffusion profiles have employed diffusion couples consisting of crystal-melt (Jurewicz and Watson 1988; Spandler and
O’Neill 2010); crystal-crystal (Chakraborty 1997); crystalpolyphase powder (Jollands et al. 2014; Zhukova et al. 2014);
crystal-film (Dohmen et al. 2002a); polycrystalline aggregates
(Fei et al. 2018); crystal-fluid (Demouchy and Mackwell 2003,
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