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INTRODUCTION 
The observed satellite densities indicate that Tit an has apparently ice depleted compo- 

sition compared with the other Saturnian satellites [I]. Among these bodies, only Titan is 
large enough to vaporize all its icy materials if the accretion energy were wholly converted 
to the thermal energy [2]. Therefore, the depletion in ice of Titan may result from the 
escape of vaporized icy materials as suggested by Stevenson (1985) [3]. 

When the satellite accretion occurs around the proto-Saturn, the accretion time is 
probably shorter than lo4  years [ 2 ] .  Since this accretion time is too short for the released 
accretion energy to radiate away from the surface rapidly, it is plausible that the surface 
temperature considerably increases and a proto-atmosphere is formed due to the vapor- 
ization of icy materials on an accreting Titan. Such a proto-atmosphere may be heated 
enough to cause blow-off of itself because Titan's gravity is not large enough to keep it. 
Therefore, it is likely that the escape of proto-atmosphere results in such a depletion in ice 
as suggested from the satellite densities. To test this idea, we estimate the total amount , 

of escaped material from a growing Titan with considering a thermal structure model of 
proto-atmosphere and a Safronov's type accretion model simultaneously. 
MODEL 

The escape of proto-atmosphere affects the energy balance at  the surface layer of a 
growing Titan because the latent heat for vaporization of icy materials and the potential 
energy of the escaped materials are expended. We calculate early thermal evolution of 
Titan with taking into account not only the escape but also the blanketing effect un- 
der the assumption of gas free accretion and gray atmosphere. The proto-atmosphere 
is considered to be composed of H 2 0  in vapor equilibrium with solid or liquid H 2 0  on 
the surface of Titan. Other volatile species such as CH4 is neglected because H 2 0  is the 
most abundant atmospheric constituent when the proto-atmosphere is hot enough for an 
intense escape to occur. The proto-atmosphere is assumed to be in hydrostatic equilib- 
rium inside the region of the Hill sphere and its thermal structure is approximated by 
the adiabat saturated with condensed H20.  It is to be noted that the latent heat released 
from condensed H 2 0  significantly affects the thermal structure of the proto-atmosphere 
and enhances the escape of proto-atmosphere. Assuming the thermal escape of proto- 
atmosphere, the escaping mass flux is given by the density and the thermal velocity of 
the proto-atmosphere at  the surface of the Hill sphere. 
RESULTS 

According to the numerical results, the hot proto-atmosphere with the maximum sur- 
face temperature of nearly 500K is formed during the accretion of Titan when the accretion 
time is shorter than lo4 years, which is plausible for the accretion around the proto-Saturn 
(Fig.1). In this case, 3 0 ~ 4 0 %  of the total accreting icy materials are removed from Titan 
due to  the escape of the proto-atmosphere. This amount of icy materials lost from Titan 
is slightly dependent on the accretion time because the integrated escaping mass is limited 
by the accretion energy (Fig.2). We also find that the calculated depletion in ice of Titan 
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is very consistent with that expected from the difference in mean density of Titan from 
those of the other small satellites (Fig.3). 

Ganymede and Callisto have similar masses and densities with Titan. They are, there- 
fore, also expected to have lost the icy materials during accretion as well as Titarn. 
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