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Spaceoraft flybys of Saturn have returned a wealth of information on the planet, its
satellites, rings and magnetosphere. Analysis of these data has led to major advances in
understanding satellite-ring, ring-magnetosphere and satellite-magnetosphere interactiona.
However, many important problemes remain unsolved. Among the major issues is the souroe and mature
of geological aotivity on Enceladus, and its relationahip to Saturn's outermost (E) ring [1].

Saturn's E-ring appears to be closely related to ita satellite Enceladus. The densest part
of the E=ring coincides with the orbit of Enceladus, suggesting the satellite as the source of
ring particles [2]. The E-ring particles have a short life expectancy (£10% years) due to their
interactions with the ambient plasma [3]. The satellite's very clesn (pp = 1.0 & 0.1) and
spectrophotometrically homogensous surfaces also suggest that it is uniformly "powdered® as it
swWeeps back up the E-ring particles [4). The E~-ring material, therefore, must be compstantly
replenished. .

Studies of the microphysical properties of the E-ring partiocles provide additiomal evidence
linking the E-ring with Enceladus, The E-ring partiocles: ;

(1) Are very small, with effective diameters between 2 to 2.5 microns [5,6,T].
(2) Have a spherical shape [TI.

(3) Have a narrow size distribution, with an effective variance between 0.1 and 0.15 [7]. See [B]
for definitions of the "effective®™ parameters.

Mie scattering by such an ensemble of iloe spheres can explain all observed visible and infrared

properties of the J=-ring [7]. See Figurez 1 and 2. Partioles in the gap between the G and E
ringa were studied ]L{u by Voyager PRA and PWS experiments, and were found to have properties

(1) and (3) also [12,13]. These particles may have spiraled in from the E-ring due to Poynting-
Robertson drag.

Partiocles with properties (2) and (3) are produced by atomization of a liquid or
condensation from a gas. This suggests that the E-ring particles have a voleanio origin [7].
Since Enceladus is the only geologically active satellite found within the E-ring, it is
reasomable to conclude that water dropleta are ejected from Enceladus, quiockly frozen by radiating
to space, and reside within the E-ring until lost or deatroyed.

The shape of the E-ring's phase curve, observed near the backscatter direction (see Fig. 2),
constrains the composition of the E~ring particles. Spheres with refractive indices between ,/2
and 2 produce a noncentral ray after one internal reflection [8]. Liou and Hansen [14] showed
that such particlea give rise to an intense glory, with an innermost ring of only a few degrees
angular diameter. The fact that such a glory has not been observed for Saturn's E-ring means that
its particles have a refractive index outside the Jz_to 2 range. Table 1 gives the refractive
indices of possible E-ring materials. The first four substances satisfy the observational
constraint, while the last two do not.

The presence of low melting point clathrates within Enceladus has been invoked to lower the
energy cost of melting the satellite's interior [21]. The phase function of the E-ring particles
seems to permit both NH; and CHy hydrates. The spectral data favors CHJ" hydrate over NH3.
Moreover, the nondetectiod of N ions by the Voyager LECP instrument within Saturn's magnetoaphefe
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does not support a source of nitrogen compounds on Enceladus [22].

i
¢

The d: tection of C and H ions

by LECP fulfills a necessary but not sufficient condition for a methane source on Enceladus,

To summarigze, water ice can explain available spectrophotometric observations of the E-ring

(this work) and Enceladus [23].

If a clathrate 1a needed to lower the energy cost of melting

Enceladus it is more likely to be methane and not ammonia hydrate. Continued data analysis and
geodynamical studies, e.g., [24], are expected to resolve the queation of the source and nature of

geological activity on Enceladus soon.

Table 1
Temp.

Substance o Ao _°kK Ref.
Hy0 ice 1.31 550 266 [15]
CHy ice 1.33 589 ] [16]
CHy . 53450 1.35 488,514 263 17
NH3.Hy0 (1.36) 589 253 [18]
NH3 ice 1.43 589 20 [19]
Silicates 21.5 589 300 [20]
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