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THERMAL AND ORBITAL HISTORY OF A BLOCKY ENCELADUS; G.W. 
Ojakangas, University of Minnesota Duluth, and R. Malhotra, Lunar 
and Planetary Institute, Houston. 

Saturn's icy moon Enceladus is enigmatic because, despite its 
small size (radius - 250 km) its resurfaced terrains of multiple 
ages indicate a long Kistory of significant internal heating and 
accompanying volcanic activity [I]. There is even good reason to 
believe that volcanism continues at present because the satellite 
appears to be the source of Saturn's E-ring [2]. Recent results 
[3] suggest that Enceladus has only a very small rocky component, 
effectively eliminating the possibility of significant radiogenic 
heating . Enceladus is currently locked in a 2:l orbital 
resonance with Dione which enhances the tidal heat budget of 
these two satellites. We examine the orbital and thermal 
histories of Enceladus and Dione by means of numerical 
integration of the equations of motion, coupled through tidal 
friction to simple heat-balance equations describing the thermal 
evolutions of the two moons. It is assumed that Enceladus is a 
"blocky body": an aggregate of discrete, rigid blocks, separated 
by relatively narrow gaps filled with a viscous low-melting point 
material, such as ammonia-water hydrate. Such a "blockyI1 
internal structure may exist as a result of collisional 
disruption and re-accretion [I], or from pervasive fracturing of 
an originally monolithic satellite. Loosely consolidated, blocky 
satellites are able to deform much more readily under tidal 
stresses, enhancing net tidal heating through high strain rates 
in the inter-block gaps. It has been found [4] that a blocky 
Enceladus may be both volcanically active and in thermal and 
dynamical equilibrium today. In our numerical model, heat is 
imparted to Enceladus through tidal friction and lost by 
conduction through an outer shell and by buoyancy-driven 
volcanism, which activates when the inter-block gaps become 
partially molten. The same heat sources and sinks are assumed 
for Dione, except that a small radiogenic heat source is also 
included. In all, twelve differential equations are 
simultaneously integrated to determine twelve variables as 
functions of time: the orbital eccentricities, resonant angles, 
mean motions, internal temperatures (assumed to be isothermal), 
widths of inter-block gaps, and melt fractions of material in the 
gapso A Bulirsch-Stoer integration scheme is employed when 
internal temperatures are below the melting point, and a Runge- 
Kutta scheme is used when the inter-block gaps reach the melting 
point. The Enceladus-Dione system passes through the i,, i,, e,, 
and el-e, 2:l mean motion resonances en route to the current el- 
resonance. Escape from the first four resonances is assured if 
the initial values of i,, i,, and e, exceed 4x10"~ 5x10-' and 2x10'~~ 
respectively. The effects of varying model parameters such as 
initial orbital mean motions, initial internal temperatures, 
melting point viscosities, block and inter-block gap dimensions, 
and tidal Q of Saturn are under investigation. 
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