
LPSC XXIV 1353 

EXPECTATIONS FOR THE MARTIAN CORE MAGNETIC FIELD : 
D.J. Stevenson, Caltech 170-25, Pasadena CA 91 125 

In the traditional view of planetary magnetism, a planet either has a core 
dynamo ( Earth, Jupiter, Saturn, Uranus, Neptune, maybe Mercury) or does not 
(Mars, Venus, Moon ...) I argue that this view is simplistic in two respects. First, 
mantle convection in terrestrial planets is invariably at high enough Rayleigh 
number that it is time variable; this leads to the intermittent arrival of mantle "cold 
fingers" at the core-mantle boundary, promoting at least local core convection and 
dynamo action even when the planetary core is stably stratified on average. Thus, I 
predict an interntitrent dynanzo r e g i n ~ e  in addition to the simple dynamo-on 
(Earth) and dynamo-off regimes. Second, the mantle convection-driven horizontal 
temperature gradients just below the core-mantle boundary can lead to unstable 
flows that will convert thermoelectric or electrochemical toroidal fields into 
externally detectable poloidal fields, even when a dynamo is not possible. It is likely 
that Mars possesses an interesting core magnetic field of the latter kind, complex 
but with a dipole that might be approximately aligned with the rotation axis and a 
surface field of a few to tens of gammas. 

B a c k g r o u n d .  As I have argued for many years [ I ]  , the principal issue governing 
the existence of a dynamo in terrestrial planet cores is the existence of core 
convection rather than some more restrictive criterion based on the subtleties of 
magnetohydrodynamics. According to this view, Mars does not possess a dynamo 
because the heat flow from the core is less than that which can be carried by 
conduction along an adiabat. The core is then stably stratified. and unable to 
provide the vertical fluid motions necessary for dynamo generation. Since the heat 
flow was larger in the past, Mars would once have had a dynamo [2], perhaps for the 
first billion years or so. This picture makes sense if Mars does not develop an inner 
core (since such a developnlent will lead to con~positional convection which should 
drive a dynamo). This in turn requires a fairly sulfur-rich core (though still about 
a factor of two less sulfur than cosmic abundance relative to iron). The alternative 
of a completely frozen core is unrealistic given our current understanding of 
mantle rheology, even allowing for the possible presence of water. Thus the 
conventional picture for Mars suggests an Earth like field early in its history 
followed by a very abrupt switch to a field that is purely crustal (near surface 
permanent magnetism). 

New Ideas. The error in the conventional picture lies in its very simplistic view of 
a smooth, thermally uniform core-mantle boundary (CMB). In fact, overlying 
mantle convection is certainly time variable and capable of generating significant 
CMB topography on Earth (e.g.[3]), and is expected to be time variable even at the 
somewhat lower Rayleigh number appropriate to Mars, based on 3D spherical 
convection simulations[4,5]. The heat flow out of the core is dictated by the 
overlying mantle ... delivery of cold material to the CMB from above is what allows 
the core to cool. Moreover, the core heat flow is small compared to the total mantle 
heat flow so even modest fluctuations in the mantle heat flow can be big 
fluctuations for the core. There are two consequences of this viewpoint: First, one 
must think of the core heat flow not as a monotonically decreasing function as 
geologic time progresses (with the dynamo switch-off defined as the instant at 
which this heat flow equals the conduction along an adiabat) , but as the sum of this 
secular trend together with "noise" whose characteristic amplitude may approach 
the secular term and whose fluctuation time scale is that of mantle convection. 
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In both figures, the vertical axis is a nominal field strength (based on the available 
energy; unity may correspond to a few tenths of a gauss surface field though with a 
large uncertainty). The horizontal axis is time in billions of years since planet 
formation. The  LHS figure is  a conventional model based on simple thermal 
evolution calculations with a dynamo shut-off at about 1.7 Ga. The RHS figure is the 
new model with CMB heat flow fluctuations comparable to the secular heat flow; it 
shows several "events " of field shut-down and resuscitation extending out to 3 Ga. 
or  beyond. But it is unlikely that this intermittent phase extends to the present day. 

Non-Dynamo Mode l s .  The most likely non-dynamo sources of core magnetic field 
are both associated with the non-uniform CMB. They are the thermoclectric[6] and 
electrochen~ical  fields[7] associated with emfs that drive currents through the 
outermost core and lowermost mantle. In both cases the fields directly created are 
toroidal and hence not externally detectable. However, any source of circulation in 
the outermost core can create some poloidal field, in accordance with the formula 
B p =  R m  B T  where Bp is the poloidal field, BT is the toroidal field and Rm is the 
magnetic Reynolds number for the circulation. The latter comes from instabilities 
of the thermal wind flow, predicted on the basis of a Richardson number criterion 
[8,9]. These flows are predicted to occur even when the outermost core has a sub- 
adiabatic temperature gradient . There is considerable uncertainty in the 
numerical values but possible values are BT =10 to 100y. Rm =0.03 to 0.3 and the 
predicted (observable) Bp = 0.3 to 30y. Values in the upper part of this range are 
detectable by Mars Observer. This field would have a spherical harmonic 
complexity similar to that of topography at the CMB, but the inlportance of low 
order harmonics in the geoid together with the effects of True Polar Wander and 
the Coriolis effect on the core flows favors a roughly spin-axis aligned dipole. 
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