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• Messenger detected a strong North-South asymmetry in Mercury’s magnetic field1.
• Recent work2,3 has found evidence for an East-West asymmetry in the Earth’s inner core 

which may reflect translation of the inner core with respect to the outer core4.
• It has been shown that East-West asymmetry in the nucleation of the Earth’s inner core 

can create a corresponding long-term asymmetry in the Earth’s magnetic field5.
• This raises the questions of whether Mercury’s North-South magnetic field asymmetry 

could be caused by a North-South translating inner core, and if so, why its inner core 
translation is oriented North-South rather than East-West.
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Figure 1: (a)6 Asymmetries in Earth’s inner core inferred from seismic observations. (b)7 Mercury’s 
surface magnetic field strength. (c)5 Long term shift in the geomagnetic dipole position in a 
numerical dynamo simulation produced by imposing an east-west nucleation asymmetry at the 
inner core boundary. 

Figure 2: Mechanical force-balance for an inner core, outer core, mantle 
system. (a) an inner core with uniform density. (b) an inner core with non-
uniform density, which causes a center-of-mass shift from the center-of-figure 
by 0.02 inner core radii. The former has a mechanical equilibrium with the 
center of the inner core at the center of figure the mantle. The latter has an 
equilibrium with the CoM of the inner core near the CoF of the mantle. V=1 V=10V=3
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Figure 3: Age distributions for translating inner cores. Age serves as a proxy for density as younger 
inner core material samples a lighter outer core. In our simplified model we assume density is linear 
in age. Panel (a) shows inner cores which started translating when they crystallized (first row) and .8 
inner core ages since they crystallized (second row). The translation velocity is scaled with respect to 
the growth velocity. Panel (b) shows inner cores which reversed their translation direction at least 
once. The top row shows examples of inner cores which tend to undergo true polar wander toward 
the poles, and the bottom row shows inner cores which tend to wander to equatorial orientations.
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Figure 5: Moment of inertia difference(A-C) 
for a translating inner core which reverses 
translation direction will undergo true polar 
wander (TPW). Most inner cores of this form 
will translate along the equator, but some 
(~7%) tend to translate along the spin axis.
Shown here is (A-C) vs center of mass for inner 
cores with two random translation velocities, 
between 1 and 10 times their growth velocity. 

Figure 6: Unscaled and scaled moment of inertia difference (A-C) for a range of inner core density 
variations. Panel (a) shows the unscaled A-C as a function of the density variation, while panel (b) 
shows A-C, scaled by the density variation (how much lighter new material is than old material), as 
a function of the density variation. What this shows is that if the density variation with age for 
inner core material is very small, the probability of the translation reorienting does not change.
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Conclusions
• Sustained inner core translation tends to increase the moment of inertia along the translation direction, causing translation to be equatorial.
• If the translation ever changes direction, true polar wander will tend to occur which will reorient the inner core to have axial translation.
• The deep inner core indicates that the Earth’s translation only began recently, so it is unsurprising that this translation is equatorial.
• Mercury’s magnetic field asymmetry may indicate that its inner core is also undergoing translation, in which case the North-South asymmetry is a 

temporary arrangement caused by a past change in its translation direction. 

Future Work: Exploring the moment of inertia implications of inner core translation with more 
robust inner core density models. This would provide a more robust estimate of the probability of 
inner core TPW. In addition, mechanisms are needed to explain why translation would reverse 
direction. A candidate for this, which we did not investigate in detail, is a stably stratified layer2

caused by melting on one side of a rapidly translating inner core.

Figure 4: Evolution of (A-C) for a translating inner 
core which has reversed its translation direction. 
Shown here is an inner core with a single pair of 
opposite translation velocities between 1 and 10. 
The time at which the inner core switched 
directions is a proxy for the time evolution of an 
inner core which has reversed its translation 
direction. It can be seen that the inner core 
undergoes a period in its evolution with a positive 
A-C. This occurred for a wide range of velocity 
pairs (between 1 and 10 times the growth 
velocity) indicating that a positive A-C is a regime 
through which most translating inner cores pass if 
they ever changed translation direction.
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Figure 7: Dynamo simulations for a 
North-South translating inner core. 
Panel a) shows the asymmetric 
buoyancy flux at the inner core 
boundary due northward 
translation. Panels b) and c) show 
the resulting magnetic field, while 
panel d) shows the resulting zonal 
flow.
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