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Introduction:  In this paper the values of H2O (wa-

ter, ice)/rock ratio in the large icy moons of Jupiter and 

Saturn have been examined. Models of the internal 

structure of the largest icy satellites, Ganymede and 

Titan, were considered in details. It has been shown 

that a model of fully differentiated Ganymede, as well 

as a model of the partially differentiated Titan (Titan 

with a rock-ice mantle), are in a good agreement with 

available theories of the satellites’ formation and evo-

lution in Jupiter and Saturn accretion discs. These 

models provide the ice/rock ratio in the satellites close 

to 1. Alternative models of the fully differentiated Ti-

tan in which a complete separation of rock from ice 

occurres, were considered as well. The total H2O con-

tent in Titan derived from these models is found to be 

substantially lower, than that obtained for above-

described models and gives the lower ice/rock ratio 

equal to 0.5-0.6. 

Problem description and results:  In general case 

the satellites Ganymede and Titan are described by 

three-layer models including: 1) the outermost water-

ice shell (high pressure ices  water internal ocean with 

any salt composition), 2) the central rock-iron or Fe-

FeS core and 3) intermediate mantle [1-5]. Depending 

on a chosen satellite and corresponding model the man-

tle is assumed to be composed of either anhydrous [1-

3] or hydrous silicates (serpentine, antigorite) [4], or 

ice-rock homogeneous mixture [5]. Furthermore, in 

recent papers devoted to Titan's researches the inter-

mediate mantle is excluded from satellite’s structure 

and Titan is thought to consists only of two layers - 

outer H2O-shell and inner rock-iron core [6-8]. 

In this paper various models of the icy satellites 

Ganymede and Titan were built on the base of our pre-

viously developed approaches [1-2, 5]. In these models 

we additionally estimated the heterogeneity of the sa-

tellites’ interiors which can be due to a change of phase 

composition within a local structural layer or owing to 

the substance's density change with depth. To do this, a 

special subroutine which includes equations of state of 

all H2O phases, silicate and hydrous silicate minerals, 

and also a special procedure describing the convective 

regime in mantle's reservoir were developed. This al-

lowed us to calculate in a more detailed way the densi-

ty of the satellite's substance in changing P-T condi-

tions, to improve the boundaries between the structural 

zones, as well as estimate the H2O content in the water-

ice-containing interiors of satellites. 

Internal structure of Ganymede.  Based on a large 

number of theoretical works, Ganymede can be consi-

dered as a completely differentiated satellite in which 

the outer water-ice shell with an internal ocean, silicate 

mantle and the central Fe-FeS core were fully sepa-

rated [1-2]. Using revised data on the physical charac-

teristics of Ganymede (R=2631.2 km, ρ = 1942.0 

kg/m
3
, I/MR

2
=0.312), and the value of the satellite’s 

heat flux ~5 mW/m
2
 the Ganymede's internal structure 

was recalculated. The values of Fe-FeS core density 

were chosen in the range of 5.15-6.50 g/cm
3
. When 

calculating, we additionally estimated the progressive 

change in the mantle density with depth in accordance 

with the equations of state of silicates [4]. 

The results of calculations showed that the radius of 

Ganymede’s central Fe-FeS core does not exceed a 

value of 630-760 km. The maximum thickness of the 

outer water-ice shell is about 910 km (100 km of Ih-icy 

crust + 200 km of water internal ocean + 50 km of ice 

V + ice VI). The density of the mantle’s silicates under 

standard conditions was determined from calculations, 

and it was found to be equal to 3.15-3.50 g/cm
3
, which 

is in a close agreement with the density of ordinary 

L/LL chondrites. According to silicates equations of 

state, the mantles density varies with depth between 

3.19 and 3.74 g/cm
3
. The total H2O content in Gany-

mede is estimated as 43.3-50.4% which is slightly low-

er than our previous assessments [1] and corresponds 

to the satellite’s ice/rock ratio of 0.8 – 1.0. 

Internal structure of Titan. There are two competi-

tive models of the internal structure of Saturn's icy 

moon, Titan: 1) models of partially differentiated satel-

lite, with a large internal region composed by homoge-

neous rock and ice mixture (rock-ice mantle) [5], and 

2) models of fully differentiated Titan. The second 

group includes both the three-layered Titan's models, 

where the satellite contains an intermediate mantle 

composed of hydrous minerals (Ganymede's like struc-

ture) [3, 4] and the two-layered satellite's models con-

sisting of a H2O-shell with complicated composition 

(outermost Ih-ice lid, dense liquid ocean with dissolved 

salts, underlying high pressure water ices) and inner 

rocky core [6-8]. 

The model of Titan with undifferentiated rock-ice 

mantle was thoroughly investigated in [5]. The main 

calculation results for this model are as follows: 1) The 
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maximum thickness of the satellite’s water-ice shell is 

450-470 km. The maximum size of the central rocky 

core is 1300 km.; 2) The density of rock-ice mantle is 

about 1.22-2.64 g/cm
3
 with the H2O content of 24-

70%; 3) The total H2O content in Titan is 45-51% 

(ice/rock ratio is close to 1), which is similar to Gany-

mede and Callisto (49-55%) [1-2, 5], (Fig. 1). 

The main calculation results for the Titan’s model 

with hydrous silicate mantle indicate that the maximum 

thickness of the water-ice shell is 430-480 km, and 

maximum size of the central Fe-Si core is 930 km. The 

H2O content of Titan's hydrated mantle was taken as 

13% - typical value for serpentine group minerals. This 

assumption led to the related estimates of the bulk 

amount of H2O in Titan as 35-38% (Fig. 1, red color), 

which reflect the H2O/rock ratio in the satellite equal to 

0.5-0.6. 

The 2-layered model of the Titan internal structure 

is a particular case of the previous three-layered satel-

lite‘s model with the largest thikness of water-ice shell 

(480 km) and smallest size of inner rocky core (up to 

its complete absence). In this case the outer H2O-shell 

is underlain by the large layer of hydrous silicate sub-

stance extended up to the satellite’s center. The refer-

ence density of this substance at the standart conditions 

is 2.44 g/cm
3
 and it varies with depth in the interval 

2.47-2.65 g/cm
3
. In view of the substance hydration, 

the H2O/rock ratio in the satellite from this model does 

not exceed 0.6. 

Conclusions:  Revealed features of the Ganymede 

and Titan internal structures, as well as their bulk 

amount of H2O, calculated from different models, 

should reflect the specific conditions of the satellites’ 

formation and evolution. Our results have shown that 

the internal structure and composition of Ganymede is 

consistent with the theory of regular satellites’ forma-

tion in the Jovian accretion disk, according to which 

Ganymede was formed in the relatively warm subnebu-

la ~250 K during 10
3
-10

4
 yrs [9] - the shortest accre-

tion time compared to Callisto and Titan. This led to 

the fact that Ganymede could heat up sufficiently for 

melting its inner layers and following differentiation. It 

is likely that Titan was formed during ~10
6
 yrs at lower 

temperatures 60–90 K in the saturnian accretion disk 

[10]. This has lead to incomplete differentiation of the 

satellite, conforming to the Titan’s model with ice-rock 

mantle. 

It should also be noted that in a fully differentiated 

Ganymede and in a partially differentiated Titan the 

H2O ice/rock ratio is close to 1. This value agrees well 

with ice/rock ratio 1.17 expected from cosmic abun-

dances of H2O-ice and rock [11]. On the contrary, in a 

fully differentiated Titan the H2O content is found to be 

more than 10% lower than the values typical for all 

large Jupiter and Saturn satellites (Fig.1). Reported 

differences in the Titan's total H2O content obtained 

from different models apparently leads to different 

hypotheses of the satellite formation. In this case the 

ice/rock ratio can be used as a geochemical marker of 

the correctness of a chosen model. 
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Figure 1: H2O content in the icy satellites of Jupiter 

and Saturn [1-2, 5, 12]. The red symbol indicates the 

models of Titan with hydrous silicate mantle (13 wt % 

H2O). Shaded area shows the area in which the ice/rock 

ratio values in satellites are close to 1. 
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