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Introduction:  Data collected by the Cassini-Huygens 

mission by directly sampling emissions from the surface of 

Saturn’s moon Enceladus supports the interpretation of the 

existence of a liquid ocean beneath the icy crust. The chemis-

try of the plumes indicates an ammonia concentration of ~1 

wt% and also provides evidence of current hydrothermal 

activity in the rocky core of the moon [1]. More detailed 

knowledge of water-rock interaction is a prerequisite for 

evaluating the habitability of the oceans of icy moons and the 

potential for the natural formation of the elemental bricks of 

organic macromolecules, namely the amino acids. The core 

of Enceladus and other icy moons is thought to originate 

from rocky material in carbonaceous chondrites, including 

olivine, pyroxene, and serpentine minerals. Serpentinization 

reactions from aqueous alteration of olivines and pyroxenes 

are included in a range of models describing water-rock in-

teraction on Enceladus, including how the exothermic reac-

tion contributes to total heat flux [2], H2 produced by the 

reaction as a source of chemical energy [1], and how reaction 

products may affect porosity in the rocky core [3]. Expand-

ing the range of experimentally derived data on how olivine 

dissolution and serpentinization reactions are affected by 

ammonia concentrations is then of interest in refining models 

of the water-rock processes for Enceladus and other icy satel-

lites [4].  

Experimental: Our project comprises experiments ob-

serving olivine dissolution and reaction products from inter-

action with ammonia-rich fluids that simulate water-rock 

interaction on Enceladus. We use two complementary exper-

imental approaches to determine the parameters that control 

San Carlos olivine reaction in ammonia-rich fluids. San Car-

los olivine is chosen as proxy mineral for olivine thought to 

be present in the core [4]. A first set of experiments uses 

flow through reactors at constant fluid flow to measure the 

olivine dissolution rate at temperatures up to 150°C. A sec-

ond set of experiments uses closed-system reactors equipped 

for intermittent gas and liquid sampling. The closed-system 

design allows the fluid to approach a chemical steady-state 

with respect to olivine and precipitate secondary mineral 

phases. Experiments range from 0-150⁰C consistent with 

temperatures at the Enceladus seafloor or within the rocky 

core [3].  

Fluid samples from both experiment sets are analyzed for 

element concentrations and pH, and solid samples recovered 

from both experiments sets are analyzed for secondary min-

eral phases. Fluid samples from closed experiments will be 

further analyzed to observe organic molecule synthesis. Gas 

samples from closed experiments are analyzed for H2, CO2 

and CH4.  

Results:  Results of flow-through kinetic experiments 

constrain kinetic rates of olivine dissolution in ammonia-rich 

fluids. Dissolution rates and thermodynamic constants are 

calculated and compared to dissolution rates of olivine at 

comparable pH in solutions without ammonia to constrain 

the effect of ammonia on dissolution.  

Experimental results from the closed-system reactors will 

constrain mineral reaction products in ammonia-rich condi-

tions at pressures and temperatures thought to be present on 

Enceladus. Gas samples from these experiments will quantify 

H2 generation and CH4 synthesis at low temperatures 

(<150⁰C). The results of both complementary experimental 

approaches will refine current geochemical models of water-

rock interaction processes applied to Enceladus and other icy 

moons in the solar system.  
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