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Schubert, Department of Earth and Space Sciences, University of California, 
Los Angeles, CA 90024 

Enceladus' surface suggests recent (within the past Gyr) geologic and 
thermal activity (1). However, thermal history calculations (2) that do not 
involve tidal heating predfct quiescence. Enceladus is in a stable resonance 
with the more massive Dione that forces the smaller satellite's eccentricity 
and therefore maintains tidal heating. Nevertheless, attempts to explain 
recent activity in terms of tidal heating have been inconclusive (3,4,5). 
The primary difficulty has been explaining activity at the current forced 
eccentricity (0.0044). Resurfaced regions on the satellite could be as old 
as about 1 Gyr, suggesting a similar age for the orbital resonance (an upper 
limit for the age of the resonance is about 1.7 Gyr (6)). The existence of 
Saturn's E ring and Enceladus' extremely high albedo leads to the conclusion 
that Enceladus is currently active (1,5). Previous authors concluded that 
eccentricity must be enhanced by a factor of at least 5 to explain thermal 
activity. The possibility of a periodic variation in eccentricity has been 
proposed (3); according to this theory we are observing Enceladus at a time 
of atypically low eccentricity. Recent catastrophic changes in the state of 
the Saturnian satellites' system of resonances have been proposed (7). In 
this scheme, Enceladus' activity results from angular momentum received from 
Saturn's rings via a commensurability with Janus. Only recently (- 17 Myr 
ago) has the proposed Janus/Enceladus resonance been disrupted; accordingly, 
Enceladus must become less active in the future. This sequence of events has 
several problems. The theory cannot account for up to 1 Gyr of thermal 
activity and there is the troublesome question of the recentness of major 
changes in Enceladus' dynamical state. 

Tidal heating in Enceladus is investigated using multilayered 
viscoelastic models of the satellite. Dissipation in a homogeneous Maxwell 
model of Enceladus at the current eccentricity can be as large as 920 GW, 
nearly a factor of 2000 greater than previously thought. In this case the 
magnitude of the dynamic Love number can approach unity while the elastic 
Love number - lom3. Multilayered models are shown to be thermally stable at 
the current eccentricity with - 10 kilometer thick lithosphere and surface 
heat flow - 5 mW m-2; the models require a combination of near surface 
insulation, subsurface solar heating, or anomolously low lithosphere 
conductivity to simultaneously fit dynamic and geologic constraints. A two- 
layer model with a conductive lithosphere over a Maxwell mantle has mantle 
viscosity of about 1013pa s and mantle temperature about 210 K. A three- 
layer model with an internal ocean of accumulated NH3-H20 eutectic melt that 
decouples the lithosphere from a Maxwell core has slightly lower internal 
viscosity and slightly higher temperature than the two-layer model. 
Dissipation in the ocean layer may be significant if the tidally forced flow 
is turbulent. The models suggest that Enceladus' thermal and dynamical 
evolution may have been relatively simple, involving only Dione in a 2:l 
resonance. The current eccentricity could have been maintained since 
resonance onset with recurring surface activity due to a thermally active 
interior. 
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