


Rotation is included using the atmospheric approx- 
imation [1]. If the controlling parameters β0, θ0, θs and 
nt stay constant during the contraction, the PSC sheds 
gas rings whose mean orbital radii Rn (n = 0,1,2,..)  
form a nearly geometric sequence. The initial cloud 
mass Mi is chosen so that the final cloud mass is M⊙ = 
1.98892×1033 g. Setting θs = 0.00227185, Fs ≡ θ0/θs = 
8.5338, and β0 = 0.120566 ensures (i) that the mean 
orbital spacings of the gas rings from Jupiter to Mer-
cury matches the observed planetary spacings, (ii) that 
the condensate bulk density ρcond at Mercury’s orbit 
results in a planet of Mercury’s physical size whose 
mean density equals the observed value, namely 5.43 
± 0.01 g/cm3 [8], and (iii) that only a fraction φH2O = 
0.700 of the total H2O at Jupiter’s orbit condenses out. 
This ensures a composition for the proto-Jovian cloud 
which can account for the observed 0.55:0.45 rock-to-
ice mass ratios in Ganymede and Callisto [3]. 

At Saturn’s orbit, where the PSC gas ring tempera-
ture is Tn = 94 K, and the mean orbit pressure is pn = 
4.9 × 10-7 bar, the condensate consists of rock (mass 
fraction 0.4923), water ice (0.4739) and graphite 
(0.0338). The rock is almost anhydrous and has den-
sity 3.668 g/cm3. The total fraction of the water vapour 
that is condensed is φH2O = 0.974. The condensate 
mean density at the present-day black body tempera-
ture at Saturn (TSat = 76 K) is ρcond = 1.5225 g/cm3. 

Results and Predicted Chemical Compositions:  
We now compute the contraction of the p-Sat cloud. 
The parameter θs,Sat = 0.0043318 is chosen so that 
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0,Sat is normal-
ized against the solar value β0,⊙ assuming the linear 
dependence )1−sβ . This leaves Fs as a free 
parameter. Fs controls the absolute scaling of the gas 
ring temperature distribution. We also define WH2O to 
be the ratio of the H2O content of the envelope relative 
to the solar value. Initially, WH2O = ZSat/Z⊙ = 0.25. Ta-
ble 1 lists the present satellite orbital radius in units of 
RSat, the gas ring mean orbit pressure pn and tempera-
ture Tn for the case Fs =5.6 TH2O is the condensation 
temperature of water ice on the mean orbit of each 
ring. The last column gives the mean density ρcond. 
This is calculated for temperature TSat = 76 K. 

The current observed satellite mean densities ρobs  
are given in the last column of Table 2 (R.A. Jacobson,  
priv. comm.). Comparing the values of  ρcond in Table 
1 with ρobs, the agreement is satisfactory only for Rhea 
and Dione. Iapetus (and Hyperion – which condensed 
at ~25 RSat) are the only moons to contain CH4. This is 
tied up with the H2O as the clathrate hydrate 
CH4•5.75H2O. It has mass fraction 0.057. The pre-
dicted composition for Tethys is far too rocky and 
dense. The mass rock fraction here is Xrock,Te = 0.500. 

Table 1: Gas ring properties for the p-Saturn cloud  

Moon Rn/RSat pn/bar Tn/K TH2O/K ρcond  

Mimas 3.080 27.1 318 272 3.16 

Enceladus 3.951 10.3 250 260 2.13 

Tethys 4.890 4.49 204 251 1.44 

Dione 6.626 1.38 153 239 1.43 

Rhea 8.746 0.468 120 230 1.22 

Iapetus 20.00 0.0188 74 205 1.29 
 
Table 2: Condensate composition and mean density  

Moon WH2O XH2O XNH3 ρcond ρobs  

Mimas 3.0 0. 0. 3.15 1.16±0.01

Enceladus 3.0 0.900 0. 1.00 1.8±0.2 

Tethys 3.0 0.914 0. 0.99 0.99±0.01

Dione 0.25 0.506 0. 1.43 1.49±0.04

Rhea 0.25 0.384 0.240 1.22 1.23±0.04

Iapetus 0.25 0.370 0.239 1.13 1.11±0.04
 

We now advance the idea that once the p-Sat cloud 
had shrunk beneath the orbit of Dione, the central 
planetary core of mass Mcore ~ 15M⊕ releases a sub-
stantial quantity of its volatile component into the en-
velope of mass ~ 80M⊕. If some 16% of the core H2O 
mass is released, the value of  WH2O rises from 0.25 to 
3.0. That is, the water content of the envelope is now 3 
times the solar value. Looking at Table 2, which gives 
the mass fractions Xi of H2O, NH3 and CH4 at each 
orbit, we see that the agreement of ρcond with ρobs is 
now excellent for all moons except Enceladus and 
Mimas. For Iapetus, it is assumed that later thermal 
evolution releases the CH4 from the clathrate structure. 
It is interesting that the predicted density for Encela-
dus, namely 1.00 g/cm3,  coincides with the value de-
rived from Voyager-based studies of the shape of this 
moon [9]. The Cassini Orbiter will soon obtain a direct 
measurement of the Enceladus mean density.  
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