


Any geochemical model must account for the following
observations: CO,/CHy4 > 2; No/CHy = 2.5; NH3/CH4 < 0.3;
and organic compounds associated with sulci [2,5]. The
plume’s CO,/CHj4 ratio most likely represents a lower limit
because less CO, than CHs4 probably went into the gas phase
owing to its greater solubility in liquid water, and some CO,
probably condensed onto water ice grains as gases rose
through subterranean cracks and expanded into a vacuum.
The most revealing datum is probably the plume’s N»/CHs
ratio because it most likely reflects the plume’s source given
that N, and CH4 have similar solubilities and volatilities.

Speciation modeling shows that PPM-buffered hydro-
thermal fluids near 300°C can produce N»/CH4 ratios consis-
tent with observations (Fig. 2). At these conditions, our
model yields high CO,/CHj4 ratios (~15) and low NH3/CHs
ratios (~0.25), which agree with inferred constraints. The
NH3/CHy ratio is important because it allows others to test
our model. Efforts should be made to detect trace quantities
of NHj in a plume during the next Cassini flyby. In addi-
tion, Cassini may uncover isotope fractionations that reflect
isotopic equilibrium near 300°C. Our results suggest that
5(CO,)—3(CHa) = 25%0 might be measured in a plume.

Equilibrium does not favor abundant organic compounds
(Fig. 2), thus irreversible reactions must have been respon-
sible for the production of organic compounds on Enceladus.
We suspect that hydrothermal fluids partially broke down
accreted organics, producing largely unreactive species that
did not equilibrate with CO,, CH4, N2, and NHs. Indeed,
experiments demonstrate that, under hydrothermal condi-
tions, chondritic carbonaceous matter decomposes into ben-
zene derivatives [19], which do not equilibrate with CO,
and CH4 because of kinetic barriers [20]. We suggest that
comparable geochemical processes took place on Enceladus.
That is, primordial polyaromatic compounds might have
been pyrolyzed in hydrothermal systems, then geysers could
have carried residual monoaromatic compounds to sulci,
where ultraviolet photolysis and ion bombardment might
have produced species that did not derive from aqueous
solution, such as acetylene [2,21]. This mechanism can ex-
plain why organics correlate with sulci.

Conclusions: Thermodynamic modeling indicates that
hydrothermal systems that existed at temperatures close to
300°C and oxidation states corresponding to PPM redox
buffering could have produced fluids with compositions that
are consistent with the plume’s chemistry. Inferred redox
conditions imply that significant oxidation of primary min-
erals occurred, which may have been driven by H, escape.
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Fig. 1. Redox conditions near the water-rock boundary for
different mineral redox buffers. The black line denotes ac-
tivities of CO, and CH4 that match the plume’s composition.
Temperatures where it crosses buffer curves correspond to
equilibrium between CO,, CHs4, and buffers. WM: wiistite-
magnetite; FMQ: fayalite-magnetite-quartz; PPM: pyr-
rhotite-pyrite-magnetite; HM: hematite-magnetite.
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Fig. 2. C-N-O-H speciation in hydrothermal fluids. Solid
curves and dashed lines signify equilibrium and quenched
activities, respectively. Note that activities are relative to
CHa.



