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Introduction:  In 2005, Cassini’s Composite Infra-

red Spectrometer (CIRS) detected a heat signature 
from the southern hemisphere of Saturn’s Moon En-
celadus and matched it to four fractures termed ‘tiger 
stripes’ and their associated plumes1. Much study has 
been dedicated to constraining the output, with values 
ranging from ~ 3-5 GW2,3 up to 15.8 GW4 ; work is 
still being done to understand the processes and mech-
anisms fueling the plumes and power output.  

Explanations for and models of the plume system 
and heating dynamics for Enceladus’ South Pole de-
pend on the assumed properties of that system. There 
is debate over whether the plume source is a liquid 
water reservoir1,3,5 , entirely or partially from clathrate 
decomposition6,7, or from sublimation2. Not all of these 
preclude other methods; a gas filled conduit with en-
trained material is thermodynamically plausible7.8. 
Modeling with variable vent properties, including 
width and temperature, to best-fit observations sug-
gests fracture temperatures as high as 223 K and 22 m 
vent width9. Several different models exist for the 
eruption of materials forming the plumes observed at 
Enceladus1,5,6,8. Some have been excluded based 
on inconsistency with the many observables, chiefly 
ice:vapor ratio10,11,12, thermal emission13,14, plume vari-
ability15,16, plume chemistry17,18 and E-ring spectrosco-
py8. 

Recent data suggests greater ice:vapor ratios in the 
jets that feed the plume, rather than for the plume it-
self10,12; thus, a major concern regarding the viability 
of cryovolcanic (liquid ascent) models has been re-
moved19.  In fact, no major issues exist with the con-
duit flow fluid mechanics20 given observed quantities 
of volatiles17,18 that could exsolve and expand from the 
ascending and decompressing water, and the modeled 
~6:1 ice:vapor ratio in the jets12 correlates extremely 
well with expectations of a near-freezing liquid ex-
posed to a vacuum (~6.4:1)19.  We are therefore revisit-
ing cryovolcanic-type models in order to determine if 
they are viable based on current data. 

Methods: We have identified two major concerns 
for liquid ascent models: (1) That erupting materials 
will freeze or condense rapidly on the walls, altering 
the modeled ice:vapor ratio and potentially causing 
eruption cessation; and (2) That observed thermal 
emissions cannot be explained using a liquid model, 
with vapor-dominated models having more available 
entropy.  In order to test these concerns and provide 
additional boundary conditions to ascent models, 

we have developed a 2-D finite element model for heat 
transport within the crust, based on Fourier’s Law of 
Conduction and the Heat Equation.  The present itera-
tion holds a 30-km deep fissure and sea boundary con-
ditions constant at 273 K, surrounded by pure Ih ice 
initialized at 70 K, and allows surface radiation.  It 
does not presently allow any locally-enhanced dissipa-
tion of tidal energy in the crust or consider the poten-
tial impact of sublimation22. 

At this stage in the work, we are evaluating what 
aspects of physics are applicable or dominant.  In order 
to evaluate the feasibility and degree of sublimation, 
we consider surface temperature signatures over time 
to get at peak temperature/distance relationships. Our 
initial estimate, based on Andreas’ calculations13, is 
that temperatures of ~190 K over ~10 m width from 
the fissures will result in sublimation mass flux domi-
nating observed plumes, which would imply that sub-
limation is critical to model. 

If we neglect the existence of erupting conduits and 
any local increase in tidal heating, we can also estimate 
the minimum depth of the subsurface sea for given 
lifetimes and evaluate the necessity and degree of addi-
tional heating sources and sinks beyond conduction 
and radiation. However, some concerns to address here 
include relevant timescales over which a number of 
conditions could have changed substantially, including 
ocean extent, amount of heat, etc. 

Finally, we seek to identify the conductive heat 
flux along the entirety of the conduit, providing a test 
for adiabatic and dominantly conductive assumptions.  

Status: We report preliminary results of our first 
phase of the study using a purely conductive and radia-
tive model of a liquid-water filled vent and subsurface 
reservoir on Enceladus. Although we have very pre-
liminary output results, we are working out errors in-
volved. However, they provide a meaningful series of 
questions that will be tested upon successful imple-
mentation of the code. 

Identifying the temperature gradient outward from 
a vent will provide an evaluation of the existence and 
extent of sublimation as a dominant heat loss process 
at the surface. In particular being able to place tem-
poral constraints on the distance temperatures reach or 
exceed 190 K could bring insights into differing ages 
of various jets or other relatively hot areas. And exam-
ple of this comparison is seen in Figure 1. Although 
the distance component is not resolved, the tempera-
ture values relative to each other remain the same 
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across different model differential distance and time 
parameters. Using the numbers shown as a thought 
exercise example, we explore an example condition: 
By 500 years, near the vent reach temperatures of 207, 
high enough to allow sublimation to dominate heat 
loss. By a few times this distance, however, tempera-
tures have dropped to 72 K and become nearly indis-
tinguishable from the background ice temperature of 
70 K. Shorter durations of 10 years or less quickly 
taper off very near the conduit, but minimal datapoints 
of discrete blocks suggest further runs at higher spatial 
resolutions to appropriately flesh out the near-vent 
temperatures. At longer timescales of 1,000 years, 
drop-off temperatures occur over an order of magni-
tude away from the vent. 

Temperature footprints indicate that sublimation, 
which only dominates at T~200K on Enceladus, re-
quires 500 years in this example to be observable with-
in 2 m of an active vent. Vents may be active longer 
than this, which would propagate that boundary to a 
few tens of meters. Regardless, relative heat signatures 
might be used to track any differing ages of jets. Heat 
signatures beyond this would indicate the necessity of 
additional sources of heat to swamp conduction-
radiation levels.  

A future step is looking at the heat flux through the 
conduit wall after various durations and to a vent sys-
tem in surrounding ice that has already undergone a 
degree of conductivity instead of all surrounding ice at 
70 K. Future work will incorporate sublimation, small-
er distances near the vent, coupling with eruption mod-
els and further parameters.  
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Duration 100 kyr 10 kyr 
Temp, K 71 75 80 71 75 80 
Dist., km 4.04 3.8 0.4 4.04 1.92 0.25 
Duration 1 kyr 100 yr 
Temp, K 71 75 80 71 75 80 
Dist., km 1.3 0.9 ~.05 0.42 0.30 0.17 
Table 1: The distance away from a conduit for 71 K, 75 
K, and 80 K for four different timescales. 

 

 
Figure 1: Plots of surface temperature as a function of relative distance from conduit for multiple durations. 
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