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            Abstract
Mercury has a global magnetic field of internal origin and it is thought that a dynamo operating in the fluid part of Mercury’s large iron core is the most probable cause. However, the low intensity of Mercury’s magnetic field—about 1% the strength of the Earth’s field—cannot be reconciled with an Earth-like dynamo. With the common assumption that Coriolis and Lorentz forces balance in planetary dynamos1, a field thirty times stronger is expected. Here I present a numerical model of a dynamo driven by thermo-compositional convection associated with inner core solidification. The thermal gradient at the core–mantle boundary is subadiabatic2,3, and hence the outer region of the liquid core is stably stratified with the dynamo operating only at depth, where a strong field is generated. Because of the planet’s slow rotation the resulting magnetic field is dominated by small-scale components that fluctuate rapidly with time. The dynamo field diffuses through the stable conducting region, where rapidly varying parts are strongly attenuated by the skin effect, while the slowly varying dipole and quadrupole components pass to some degree. The model explains the observed structure and strength of Mercury’s surface magnetic field and makes predictions that are testable with space missions both presently flying and planned.
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                        Case I.
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Figure 2: 
                        Magnetic field spectral components of case I.
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Figure 3: 
                        Magnetic field spectral components of case II.
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        Editorial Summary
Mercury: playing the field
The latest numerical models of the geodynamo can account for the behaviour of Earth's magnetic field pretty well: Mercury has proved a harder nut to crack. Like Earth, it has a dipolar magnetic field, probably generated by a dynamo from convective motions in the planet's liquid iron core. But Mercury's field is a hundred times weaker than Earth's, and this poses a problem for the dynamo theory. A new explanation for the discrepancy has been proposed, accounting for both the observed field strength and the magnetic field geometry observed during the Mariner 10 flybys. The new model assumes that the dynamo operates only deep down in the core, where it generates a strong field. The outer regions of the core are stably layered, so do not convect heat, but they are electrically conducting and the dynamo-generated field is therefore strongly damped. Data from NASA's Messenger probe, en route to Mercury, and ESA's planned Bepi Colombo mission should provide a thorough test for the model.
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