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Introduction:  Icy satellites Titan and Callisto 

belong to different planetary systems; however, they 

have a number of common features. The satellites oc-

cupy a comparatively remote (low temperature) posi-

tion relative to their central planets, have similar phys-

ical characteristics (size, mass, density), contain ap-

proximately equal amounts of water and rock material 

of the same composition, they are characterized by 

close values of the moments of inertia and probably 

have identical internal structure. 

Among the possible versions of the internal 

structure of Callisto and Titan a model of partially dif-

ferentiated satellites was considered [1-2]. According 

to this model the satellites were assumed to consist of 

three major structural domains: the outermost water-

ice shell, which contains a liquid aqueous layer (inter-

nal ocean), intermediate undifferentiated rock-ice man-

tle and the central rock-iron core.  

Significant restrictions on the application of 

such model are the values of the satellites’ heat fluxes 

(F), which determine the stability of the rock-ice man-

tle (solid state of H2O-phases), as well as the existence 

and depths of the inner ocean and the thickness of the 

outer icy crust. Since Callisto's and Titan's heat fluxes 

values available from literature data are estimated 

roughly, in this study we investigated all possible 

range of satellites’ heat fluxes values (F), which pose 

the suitable thermal condition inside satellites’ inte-

riors to keep stability of the ice-rock mantle and exis-

tence of the internal ocean. Thus, the task was to de-

termine the range of acceptable values of heat fluxes, 

which provide simultaneous observance of two condi-

tions - existence within the satellites' water-ice shell of 

a non-freezing watery ocean and stability of crystalline 

water ices as a part of the satellites' rock-ice mantle. 

The development of the models of Callisto’s 

and Titan’s internal structure was conducted for the 

moments of inertia of the satellites I/MR
2
 = 0.3549 [3] 

and I/MR
2
 = 0.3414 [4], respectively. The density of 

water ices and liquid water in the water-ice shell and 

rock-ice mantle was determined by the individual H2O-

phases equations of state. Changing of the rock com-

ponent density in the satellites' rock-ice mantle and 

inner rocky core was estimated by the silica substance 

equation of state [5]. The values of Callisto's and Ti-

tan's heat fluxes were calculated using the steady state 

heat conduction equation for the satellites' outer con-

ductive Ih-ice crust [1]. 

 

Thermal constraints on the models of partially 

differentiated Titan: The results of conducted calcu-

lations show that within the confines of the chosen 

model and its limitations Titan's heat flux varies in the 

range of 3.3<F<14.8 mW/m
2
. The higher heat fluxes 

lead to melting of the ice mantle, the lower ones lead 

to freezing of the internal ocean. This means that in the 

models of partially differentiated Titan  the maximum 

permissible size of the satellite’s outer Ih-crust could 

change in the range of 160>HIh>80 km and the depth 

of the inner ocean does not exceed 420 km.(Fig. 1a).  

At the same time the performed calculations 

showed that at high F values a slight density inversion 

within Titan's outer Ih-ice crust occurs, which leads to 

the negative gradient of the ice density with depth 

(dρ/dh<0). In such a case the thinner the satellite's Ih-

crust is and the deeper its internal ocean is, the higher 

the probability of such inversion occurrence is. The 

negative density gradients existence can lead to viola-

tions of the icy crust stability with imposing of some 

external factors (for example, with the exposure of the 

satellite to tidal effects and related ice perturbation 

within icy shell). The stability criteria of such system 

require further investigation, but at this stage of the 

work it is assumed that the density inversion indicates 

the non-physical values of Titan's heat fluxes. It allows 

to formulate an additional restriction on range of per-

missible F-values in the satellite, namely, the absence 

of ice density inversion with depth. Incorporation of 

this limitation leads to Titan's heat fluxes not higher 

than 7.13 mW/m
2
, which is in a good agreement with 

estimates of F = 5-7 mW/m
2
, obtained by [6-7]. Thus, 

we can conclude that the possible thickness of Titan's 

icy crust in present is from 80 to 110 km, and the depth 

of the internal ocean is about 200-320 km (gray area in 

Fig. 1a). 

Thermal constraints on the Callisto models: For 

partially differentiated Callisto the possibility of the 

internal ocean and rock-ice mantle existence is realized 

in a fairly narrow range of heat flux values - from 2.6 

mW/m
2
 to 4.2 mW/m

2
. At such heat fluxes the satel-

lite's outer Ih-ice crust is relatively thick (at least 110 

km) and the depth of the internal ocean is less than 230 

km (Fig. 1b). It has been shown that at the obtained 

range of valid F-values and at corresponding parame-

ters of the water-ice shell the density inversion in the 

satellite's outer ice crust does not occur. The current 

estimates of Callisto's heat fluxes give approximate 
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values of F equal to 3.3-3.7 mW/m
2
 [8], which corres-

ponds to the thickness of the Ih-icy crust of 125-135 

km, with a depth of the internal ocean of 185-195 km 

(gray area in Fig. 1b ). 
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Fig. 1. Thickness of the Ih-icy crust (HIh) and depth 

of the internal ocean (Hw) of Titan (a) and Callisto (b) 

in the range of acceptable values of the satellites' heat 

fluxes (F). 

 

Main conclusions: 

 In the framework of the partially differentiated 

model of Callisto and Titan the satellites' heat 

fluxes vary in the range of 2.6<F<4.2 mW/m
2
 and 

3.3<F<14.8 mW/m
2
, respectively. 

 Taking into account the additional condition that 

the ice density inversion in Titan’s icy crust is ab-

sent, the maximum value of Titan's heat flux can 

be reduced to 7.13 mW/m
2
. 

 Depending on the heat flux value the permissible 

thickness of Titan's outer Ih-ice crust is about of 

160>HIh>40 km, the thickness of the Ih-crust of 

Callisto is 170>HIh>110 km. 

 At the current estimates of Titan's and Callisto's 

heat fluxes of 5-7 mW/m
2
 and 3.3-3.7 mW/m

2
, the 

satellites' outer Ih-ice crust is 80-110 km and 125-

136 km, and the thickness of the internal oceans 

reaches 200-320 km and 185-195 km, respective-

ly.  
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