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Introduction: Mimas is not currently in an eccen-

tricity-type resonance, and yet has an appreciable 

present-day eccentricity (e=0.02). If this eccentricity is 

primordial, it implies that tidal dissipation within Mi-

mas has been small [1], and that Mimas’ interior has 

remained cold throughout its evolution. To investigate 

the likelihood of this scenario, we have carried out 

forward models of the coupled thermal and orbital evo-

lution of Mimas. 

Model: We use a 1D, spherically-symmetric, finite 

difference conduction code. Conduction is assumed to 

dominate given Mimas’ small radius and assumed cold 

internal temperature. We solve the heat conduction 

equation: 
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where T is temperature, Cp is specific heat capacity, 

 is thermal diffusivity (10-6 m2s-1) and H is the heat 

production term which includes both radioactive decay 

and tidal heating (which varies as e2). We assume an 

undifferentiated Mimas with the rock fraction ( 20%) 

having chondritic abundances of long-lived radiogenic 

elements [2] uniformly distributed throughout the vo-

lume. The initial accretionary heating of Mimas is 

small (~10K [2]) and is insufficient to cause significant 

differentiation. Tidal heating is calculated assuming a 

Maxwellian viscoelastic rheology using the method of 

[3]. We assume an ice rigidity of 3 GPa, a reference 

viscosity of 1014 Pa s and an activation energy of 60 

kJ/mol [4]. The surface temperature is fixed at 80 K. 

The initial internal temperature Ti and initial eccentrici-

ty are treated as free parameters.  

The eccentricity evolution is given by: 

GMme

aP

dt

de tid  

where Ptid is the tidal dissipation rate, a is the semi-

major axis, and M and m are the mass of Saturn and 

Mimas, respectively. 

Results: Mimas can undergo two basic evolutio-

nary paths. If the initial eccentricity and the initial 

temperature are low, it remains cold and non-

dissipative and the eccentricity does not change signif-

icantly from its original value [1]. Such an outcome is 

consistent with an undifferentiated body which is not 

significantly tectonically deformed [5]. If, however, 

Mimas starts warmer, tidal dissipation becomes signif-

icant, the Love number of Mimas increases, and tidal 

dissipation increases further, leading to a runaway ef-

fect. In this case, peak temperatures exceed the ice 

melting threshold and would result in differentiation, 

while the subsequent refreezing of a subsurface ocean 

would generate large extensional stresses [6], for 

which there is no observational evidence [5]. 

 
Figure 1. a) Contours of final eccentricity after 4.5 Gyr 

evolution as a function of initial eccentricity and initial tem-

perature Ti. The red bold line indicates the present-day ec-

centricity of Mimas. A rock mass fraction of 19% was as-

sumed. b) As for a), but contours are of the maximum central 

temperature. Bold red line indicates the onset of melting 

(270K). Irregularities in contours are a numerical artifact. 

 

Figure 1 illustrates this evolutionary dichotomy. 

Fig 1a plots the final eccentricity as a function of ini-

tial eccentricity and Ti. Initial temperatures in excess of 

about 220K result in a runaway dissipation situation 

with complete eccentricity damping. Fig 1b shows how 

the maximum central temperature varies with initial 

eccentricity and initial temperature. Again, for Ti > 

220K, a runaway occurs leading to melting and diffe-

rentiation. 

Thus, to avoid eccentricity damping and large-scale 

melting and refreezing, the initial temperature of Mi-

mas must not have exceeded about 220K. 
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Discussion: Although gravitational energy is insuf-

ficient to have heated Mimas significantly, the decay 

of short-lived radionuclides such as 26Al could have 

been important [2]. Assuming an initial ratio of 
26

Al/
27

Al of 5x10
-5

, to avoid a thermal runaway, Mimas 

must have accreted more than 2.4 Myr after solar sys-

tem formation. This constraint is consistent with, but 

less restrictive than, arguments that Iapetus formed 

3.4-5.4 Myr after solar system formation [7]. 

The shape of Mimas departs from that expected for 

a body in hydrostatic equilibrium, suggesting that it 

has not completely relaxed [8]. This observation is 

consistent with a body which has avoided significant 

heating throughout its history [9]. Detailed modeling 

of satellite relaxation with time-dependent viscosity is 

a potentially important future topic of investigation. 

Although many important parameters, such as ice 

viscosity, are poorly known, the results presented here 

are unlikely to change qualitatively if different parame-

ter values are used: a thermal runaway is inevitable if 

Mimas becomes too warm. For example, a differen-

tiated Mimas would undergo a runaway slightly more 

readily (because radiogenic heating of the ice from 

below results in higher internal temperatures than heat-

ing from within). 

One important caveat, however, is that Mimas’ ec-

centricity may not be primordial. For instance, it may 

have passed through a previous resonance with another 

icy satellite in the past [10]. However, the results 

above show that Mimas’ current eccentricity could 

easily be primordial, and that such a resonance passage 

is not required. 
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