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Mass Distributions in Minimum Mass Models of the Jovian, Saturnian, 
Uranian, and Solar Nebulae. J.S. Kargel, Lunar and Planetary Laboratory, 
University of Arizona, Tucson, Arizona 85721 

Model nebulae have been constructed for the Jovian, Saturnian, Uranian, 
and Solar Systems. These models assume the minimum quantities of solar- 
composition gas and dust as required to yield the observed planets and 
satellites. The planets and satellites were re-constituted to the solar 
composition by adding sufficient quantities of H, He, and other uncondensed 
or incompletely condensed elements to the satellites and planets to bring 
their compositions up to the solar composition. The compositions of the 
satellites and of the terrestrial planets are based on available chemical and 
spectroscopic analyses and on bulk uncompressed densities; the reconstitution 
calculations for Jupiter, Saturn, Uranus, and Neptune rely on the probable 
existence of a rock/ice core and/or a heavy-element-rich envelope in each of 
these bodies corresponding to, respectively, 25, 20, 11.4, and 15 Earth 
masses of ice and rock components (see Podolak and Reynolds, 1985); the heavy 
elements are assumed to be in solar relative abundances. 

These models are similar to the minimum mass models of the Jovian and 
Saturnian Nebulae calculated by Pollack and Consolmagno (1984), except that 
the method of distributing the satellite masses is somewhat modified and that 
the small satellites that orbit inward of the large, classical objects also 
have been included in the calculations. Pollack and Consolmagno (1984) used 
the mean semi-major axis of two adjacently orbiting satellites to define the 
mutual boundary between their respective accretionary feeding zones. Here, 
the feeding zone boundaries are defined as occurring at the gravitational 
neutral point between two adjacently orbiting objects when these objects are 
at closest approach. This modified feeding zone concept attempts to account 
for the larger areas believed to have been swept out by the larger objects as 
they were accreting. 

Figure 1 gives the radial distributions of surface densities when the 
surface densities of the cosmically-reconstituted satellites and planets are 
plotted against their respective semi-major axes normalized to the radius of 
the primary object. Figure 2 is the same as Figure 1, except that the 
normalizing parameter of the semi-major axis is the Roche radius. The 
gravitational midpoint feeding zone definition used here gives smoother 
surface density-radial distance profiles than does the use of the geometric 
midpoint definition used by Pollack and Consolmagno ( 1984). When calculated 
and plotted in these ways, the similarity in the minimum mass nebular models 
is rather striking; this is especially true of the models for the Saturnian 
and Uranian Systems. All four model nebular surface density profiles are 
consistent with approximately the same function. Therefore, the surface 
density in each of these nebulae is approximately defined by a best-fitting 
function for any given dimensionless radial distance from the primary object. 

Any of a number of possibilities can potentially account for the peak in 
surface density for each of the satellite systems. These possibilities 
include : 
1) Tidal interference with the accretion process near the Roche Limit; 
2) Delayed condensation and accretion of satellites in the inner parts of 
each system until after partial nebular disspation events, as suggested by 
Pollack and Consolmagno (1984) for the Saturnian System; and, 
3) Development of nebular tori due to partial viscous or other coupling 
between the inner and outer parts of each nebula. 
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The inversion of these surface density profiles into nebular pressure 
and temperature conditions will be presented elsewhere. 

LOG ( a f rp )  

Figure 2. Same as Figure 1, Figure 1. Radial dis- 
but a is normalized to R, the tribution of surface 
Roche radius. densities. Alpha-numeric 

and letter designations 
refer to the planets and 
satellites. 
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ok=reconstituted surf ace 
density 

a= semi-major axis 
r =radius of primary object P 
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