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Depth: 40-60 km
pH: 8.5-10.5
Pressure:10-80 bar
Temperature: 273-373 K
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1– Water/brine percolates through the 
silicate.

3 – Products from water-rock 
interactions enter the sub-surface 
ocean altering the ocean chemistry. 

4– This is a continuous process within 
an open system and progressively the 
chemistry of the sub-surface ocean and 
the silicate will change over time. 

Figure 1. A diagram summarising the Enceladus sub-surface we intend to simulate, summarising the parameters required for simulations 
and modelling and the potential processes operating.

2– Water-rock interactions occur, i.e. 
serpentinisation. The heat from 
exothermic water-rock reactions results 
in hydrothermal activity. This will also 
lead to a change in the mineralogy of 
the silicate interior.
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Defining Enceladus’ sub-surface environment:
The physical environment is a key factor in kinetics and thermodynamics, hence determining which
chemical processes occur within the sub-surface and their associated rates.
Temperature
• Estimated temperature variation within the sub-surface ocean ranges from 273-373 K [5, 12],

assuming that the concentration of salt and ammonia is insufficient to effect the freezing point
of water [13].

• The higher temperatures are expected to occur at the rock-water interface, where there are
regions of hydrothermal activity occur

• We will explore this entire range of temperatures for our experiments.
Pressure
• A conservative range for the pressure within the sub-surface ocean varies between 10 and 80

bar [12].
• Our work focusses on the seafloor environment, hence a pressure range of 30-50 bar has been

selected to represent this depth; our experimental procedures are restricted by capabilities of
the reaction vessel.

pH
• Plume chemistry indicates an alkaline sub-surface ocean, with estimates ranging from 8.5–10.5

[12].
• As an initial approximation we expect the pH to be at the lower end of the this range, because

of the higher temperatures produced through the hydrothermal activity on the seafloor.
• The pH will be more accurately calculated after we have modelled and defined the chemistry of

the sub-surface ocean based on our simulant composition.

Defining the simulant for the silicate interior:
• The detection of SiO2 nanoparticles within the plumes infers a silicate interior [2] and analysis

of Saturn's E-ring implies the silicate core contains Mg-rich, Al-poor minerals and organic
compounds [1, 5, 6].

• The inferred composition from this is equivalent to a carbonaceous chondrite, as they exhibit
all the characteristics to account for the hydrogen, carbon and nitrogen detected in plume
material [2, 7, 8].

• Our Enceladus simulant is based on the chemistry (Table 1) of three CI carbonaceous
chondrites: Ivuna (type specimen), Orgueil and Alais, representing the hypothesised
composition of Enceladus, where aqueous alteration has occurred.

• Appropriate minerals have been selected (Table 2) to recreate the same chemistry, where
possible using minerals previously detected within CI chondrites [9].

• We have used a 9:1 ratio of fosterite:fayalite for the olivine composition since CI chondrites
contain predominantly low iron olivine [10].

• Our silicate simulant will be composed of ~5 weight % carbon [11].
• The inorganic component will be composed of dolomite, bruennerite and calcite.
• The organic component will be composed of a naturally occurring bitumen material.

Future Work: Using the physical parameters defined here and the silicate simulant, we are
undertaking simulation experiments and modelling to obtain a better understanding of the
(bio)geochemical cycles that may operate within the moon’s sub-surface. Particular focus will be
given to studying the carbon cycling between the silicate interior and the sub-surface ocean.
• We plan to model the interactions between the silicate interior (Table 2) and the sub-surface

ocean, under the conditions displayed in Figure 1. Here we plan to study the changes in the
fluid chemistry, providing an insight into how the silicate controls the brine composition.

• We will use the information we obtain from our model to conduct laboratory experiments to
simulate the moon’s sub-surface environment, in order to study the reactions between the
silicate interior and briny sub-surface ocean.

Average CI Composition

Oxide Weight  %
SiO2 27.96
FeO 10.47

Fe2O3 11.63
SO3 5.23

MgO 17.83
Al2O3 2.15
Cr2O3 0.60
Na2O 0.43
K2O 0.20
P2O5 0.09
TiO2 0.07
CaO 0.41
MnO 0.17
NiO 2.00

Silicate Simulant Mineralogy

Mineral Weight %
Olivine (9:1 

fosterite:fayalite)
15

Magnetite 15
Serpentine 15
Almandine 10
Diopside 5

Talc 5
Quartz 5
Pyrite 3

Anhydrite 1
Apatite 1

Dolomite 1
Bruennerite 0.15

Calcite 0.02

Table 2. Our proposed composition for the silicate
simulant, based on the average chemistry of CI
chondrites. The remaining weight percentage is
composed from organics and water/brine due to the
expected porosity of the core.

Table 1. The average oxide composition for a CI
chondrite, calculated from the mean
composition of the Orgueil, Alais and Ivuna
meteorites. The remaining weight percentage is
predominantly composed from water.
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Introduction:
Evidence of a sub-surface ocean and probable hydrothermal
activity has led to substantial interest in Enceladus as a potentially
habitable environment [1-3]. Enceladus meets the known
requirements for life; there is a supply of water, energy and a
source of bio-essential elements [4]. To understand the real
potential of the sub-surface ocean environment to harbour life
requires an understanding of the physical and chemical processes
operating and their effects on potential life.

The predominant focus of our work is investigating the water-rock
interactions occurring on Enceladus (Figure 1), and the chemical
changes brought about by such interactions, since these can have
an effect on possible life.

We will be simulating the interaction between the Enceladus'
silicate and ocean using a combination of experiments and
modelling. In our experiments, we will react a silicate simulant
with a chemically appropriate brine mixture, under conditions that
best represent the hypothesised Enceladus sub-surface (Figure 1).


