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The south polar plumes of Enceladus are primary sources of water group and nitrogen ion species for the plasma environment of Saturn’s inner magnetosphere. The planetary corotation period of the magnetosphere is apparently affected by plasma drag from the presently copious output of Enceladus. Ice grains from the plumes contribute to the radially extended E-ring and redeposit to form bright surfaces on Enceladus and other moons. Cassini and earlier energetic particle measurements suggest a depletion of lower energy ions in the inner magnetosphere from interactions with Enceladus plume material. The energy source for Enceladus cryovolcanism is highly debatable and may or may not be linked to subsurface reservoirs of liquid water in the south polar region. Cassini neutral gas measurements indicate a strong gas source for CO2 and CO or N2 that suggests active oxidation chemistry in the subsurface environment and gas pressurization as the driving force for plume mass flow. Near-infrared surface spectroscopy shows the expected presence of H2O2, likely accompanied by other strong oxidants, from magnetospheric particle irradiation of surface ices in the polar plume region. Downward mobility of the irradiated surface ices in the “tiger stripes” region could bring the radiolytic oxidants in contact with primordially abundant hydrocarbons and ammonia to produce the measured gases by a series of highly exothermic reactions at the thermal margins of fluid reservoirs. The magnetospheric energy flux available to drive this process via surface ice radiolysis is sufficient if the plume activity and polar heat emissions are not continuous but episodic in the manner of the Old Faithful water geyser. Chemical reactants could accumulate for long intervals separating brief episodes of high activity by this model. Mass loss extrapolations suggest that the current upper limits on plume mass flow are not characteristic of time-averaged flow rates over billions of years. Liquid subsurface water, hydrocarbons, and oxidants are potentially indicative of high astrobiological potential for Enceladus. Cryovolcanism driven by radiolytic chemistry is also a potential energy source for resurfacing of bright icy bodies in the Kuiper Belt.

