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Transport Properties
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Molecular Diffusion

- Translational motion of atoms or molecules in a phase
- non-convective mass transport

Self diffusion (random walk, isotopic diffusion, tracer diffusion)
migration of the constituent atoms
in the absence of chemical gradients

Chemical diffusion
In a chemical potential gradient
inter-diffusion coefficient (binary system)
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Atomistic Approach
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Empirical Approach (Phenomenology)

Fick’s First Law: steady-state
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Diffusivity of Earth Materials

T effect Di = Do exp(~Eq/RT)
1600 1200 1000 800 600°C
1 I : ' |
| ]
Pt dUEOUS
R,
R sy,
10 [ -
P
p _ i
e 15
£
Q
— 20 -
Q
S
T 25 o Kz |
. “a
1 %, K
30 i |
- 1 A I 1 | | |
s 8 10 12

10%/T(K)

~logD (D in m?/s)

P effect Drp

Drexp(—PV,/RT)

14 | I | | | | | |
16 — —
\\—‘-‘——_
18 ’ .
20 - -
0y | 5 | T(K)10 |
24 2 .
1+
26 GPa | -
- 0 40 80 120
28 | s I . I § I L 1 s | b 1 N I
0 20 40 60 80 100 120 140

pressure (GPa)

Watson & Baxter 07



Diffusion Length Scale
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Diffusion Length Scale
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Conclusions

Diffusion is much slower through
crystal lattice than grain boundaries

Diffusion length scale in solid mantle is
cm to m over 4.5 Ga

Diffusion length scale in the core
maybe 100 m to 10 km over 4.5 GPa,
or mto 100 m over 1 Ma



