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Abstract:  The habitability of extrasolar moons can 

be expected to follow a pattern similar to our own out-

er Solar System, whereby tidal heating plays a major 

role in maintaining the warmth required for the pres-

ence of liquids even in very low insolation environ-

ments [1]. We show that a satellite in an eccentric orbit 

will produce increased tidal dissipation compared to 

prior models, in certain temperature and frequency do-

mains, when its interior is modeled with realistic rheol-

ogies. The microphysics of common terrestrial rock 

samples have been well-documented in laboratory set-

tings by the geological community, but such data have 

been somewhat underutilized for planetary tidal appli-

cations. By examining low-to-moderate temperature 

mantles (1400—1600 K), we find realistic rheological 

models such as the Andrade rheology [2] produce at 

least 10x the dissipative heating compared to the tradi-

tional Maxwell model. Further heating is generated 

from more recent extensions beyond the Andrade rhe-

ology, such as the composite model of Sundberg and 

Cooper [3], which capture an even greater range of 

grain-scale phenomena. 

This creates a new spectrum of tidal-convective 

equilibrium points [4] that a cooling or warming plane-

tary object can fall into, thereby driving the system to 

unique long-term states. This has implications for the 

thermal-orbital history of common tidally active sys-

tems, such as relaxed limits on the timing of tidal acti-

vation during mean motion resonance assembly. In par-

ticular, the enhanced heat production at such lower 

mantle temperatures can significantly improve the abil-

ity for tides in silicate exomoons to recover from low-

eccentricity excursions, and thus to return to highly 

active tidal states; a condition we term ‘tidal resilience.’ 

Together the properties of tidal resilience, and fewer 

restrictions on resonance capture, can mean a greater 

number of tidally active worlds among all extrasolar 

systems, with commensurate improvements in opportu-

nities for altering habitability.  
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