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We suggest that the role of different heat 

sources in geologic activity of Enceladus must 
be reconsidered. The sources are: the radiogenic 
short-lived isotope 26Al often supposed to be the 
most important one (at the initial temperature ~ 
200 – 220 K), the long-lived radioactivity and 
the tidal friction (the last two ones presumed as 
less effective) [1-4]. We present arguments 
against any significant role of 26Al and against 
its initial “warm” conditions, and suggest that 
long-lived radioactivity and the tidal friction 
acting throughout the history of Solar system 
could be responsible for modern state of 
Enceladus [5].  

This satellite is a member of regular 
system of Saturnian satellites and cannot be 
considered as a first-generation body of the 
Solar system that formed in time interval of 1-3 
Myr after the Solar Nebula received the short-
lived isotopes. Enceladus has been formed in 
gas-dust accretion disk of Saturn when this giant 
planet had gained not only its most mass but also 
the obliquity of its axis of rotation 26o.7 to the 
axis of the Solar disk. The formation of Saturn 
up to 20 Earth masses lasted about 10 Myr [6] 
with account of runaway growth on the stage of 
solid-body accumulation of Saturnian core. The 
tilt of Saturnian axis and corresponding 
orientation of its protosatellite disk had been 
explained as a result of oblique impact of a large 
body, of 5 – 6 Earth masses [7]. The formation 
of such impactors in the Solar Nebula also 
needed a long time. It must be concluded that at 
time of Enceladus formation all 26Al was already 
fully decayed.  

A “warm” initial temperature of 
Encaladus (~200-220 K) [3] contradictions to its 
initial composition: mixture ~ 50% of silicates 
and ~ 50% H2O, CO2, and NH3×H2O ices. More 
realistic should be the initial frozen state of 
Enceladus, i.e. To was not higher that ≈ 90 K 
(temperature of the thermodynamic stability of 

CO2(ice), and NH3×H2O(ice) at P ~ 10-6 – 10-8 
bars).  

We have evaluated [8] that in course of 
~ 3 Ga (~ 3×109 yr) the long-lived elements U, 
Th, 40K, concentrated in the silicate fraction of 
the satellite, could give internal temperature rise 
> 100 K, melt ices, form its iron-silicate core 
and semi-liquid mantle. Further heating in last 1 
– 1.5 Ga might be due to tidal friction. The 
energy in a synchronized satellite on elliptic 
orbit around Saturn [9], if concentrated in 
limited regions inside its semi-liquid mantle can 
give a temperature rise of several hundred K. At 
the Earth the analogy of non-uniform tidal 
heating is the most part of energy dissipation in 
Bering sea for ocean tides and the heating of 
asthenosphere for body tides.  

It may be noted that we used the modern 
value of the eccentricity of Enceladus’ orbit 
(0.0045), the tidal friction leads to 
circularization of satellite orbit, so in the past, 
with eccentricity greater than its present value, 
the effect should be more pronounced [8]. 
 

Acknowledgments: This work was 
supported by the Russian Foundation for Basic 
Research, Grant 08-05-01070. 

References: [1] Porco C. C., Helfenstein 
P. et al. (2006) Science, 311, 1393–1401. [2] 
Matson D. L., Castillo-Rogez J. et al. (2006) 
Icarus, 187, 569-573. [3] Schubert G., Anderson 
J.D. et al. (2007) Icarus, 188, 345–355. [4] 
Prialnik D., Merk R. (2008) Icarus. 197. 211–
220. [5] Waite J. H., Jr., Lewis W. S., Magee B. 
A. et al. (2009) Nature. 460. # 7254. 487-490. 
[6] Pollack J.B., Hubickyj O. et al. (1996) 
Icarus, 124, 62-85. [7] Lissauer J.J and 
Safronov V.S. (1991) Icarus, 93, 288-297. [8] 
Dorofeeva V.A. and Ruskol E.L. (2010) Solar 
System Research (in press). [9] Peale S.J. 
(1986). In: Satellites (Burns J.A., Matthews 
M.S. eds.), 159 – 223. 

1212.pdf41st Lunar and Planetary Science Conference (2010)


