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10's heat loss o f  6 . 1 0 " ~  (I) is explained from a steady state model of its thermal 
structure and orbital evolution. Jupiter's rate of rotational energy loss suffices to balance 
10's rate of heat loss i f  one assumes the most recent estimate of Jupiter's Love number k 2  of 
0.379 ( 2 )  and if one assumes that the Jovian dissipation Eactor o f  2.5-10' applies, which is 
calculated from the present orbital distances of the Callilean satellites. 

A coupled model of the thermal and orbital evolution of ~upiter's satellite 10 is 
presented along with a model of its internal structure. We model 10 as a differentiated 
satellite with a Fe-S core and a silicate mantle whose standard state physical parameter values 
are close to those of the Earth's upper mantle. 10's internal temperature is assumed to 
increase adiabatically with depth from a given sub-lithospheric temperature. Varying this 
temperature between 1000 K and I600 K ve find core radii of 0.42-0.54 R where R is the 
satellite's mean surface radius. s' 

The orbital evolution equations used are based on the theoretical work of Hagihara (3) o n  
the Laplacian resonance. and on the theory of Yoder (4) and Yoder and Peale ( 5 )  of the tidal 
lock of the Gallirean satellites. We consider the coupled orbital evolution of the three 
satellites, 10, Europa, and Ganymede and allow for the dissipation of tidal energy in each of 
these satellites. However, we couple the orbital to the thermal evolution for 10 only. This 
coupling occurs through the exponential dependence of 10's dissipation factor Q as well as 10's 
shear modulus on temperature. We explicitly include the Laplacian resonance terms rather than 
averaging the libration amplitudes as has been done e.g. by Greenbetg (6) and by Ojakangas and. 
Stevenson ( 7 ) .  We find that a high dissipation state is stable with 10's mantle being heated at 
a rate of 6.10"~. This rate of heating is balanced by 10's surface heat flow. 10's mantle 
viscosity and its value of (k2/Q) are thus calculated to be 3.10'' m2s-' and (7) 5;lG-' , 
respectively. 

Ojakangas and Stevenson (7) have pursued independent research along similar lines. They 
find 10's orbital state unstable to perturbations caused by 10's temperature dependent 
dissipation. They assume that thermal runaway of 10's interior is cut off b y  rapid heat removal 
through efficient volcanism once the temperature reaches the solidus. This results in a quasi- 
periodic scenario with repeated phases of heating and cooling and quasi-periodic variations o f  
the orbital excentricity. If we use their particular parameterization of the temperature 
dependences of (kz/Q) and the interior viscosity along with their nominal parameter values, we 
find a stable state of high dissipation with rates of heat production and loss of approximately 
3'10"~. We also find instabilities, however these occur at much larger disparities between the 
exponential variation with temperature of the dissipation and the heat loss in our 
calculations. We consider these parameter values unlikely. A careful check of the two models 
suggest that incorporation of the Laplacian resonance terms is an important stabilizing factor 
which should noc be neglected. 
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