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Introduction: Observations have revealed active 
plumes on several outer solar system satellites. Ence-
ladus, Triton, and Io exhibit active venting from their 
geologically young surfaces. Europa also possesses a 
relatively young surface [1], and it has been proposed 
that many of its surface features are a result of  mate-
rial emplaced via ballistic cryovolcanism (i.e. plumes) 
[2]. However, observations have yet to reveal any 
plumes [3].  The origin and evolution of plumes and 
whether or not they are currently active remain unan-
swered questions.  In order to explore whether or not 
such plumes are currently detectable, we review the 
physics underlying ballistic eruptions with application 
to Europa [2,4] to estimate possible  plume characteris-
tics (height, width, extent, and optical depths) under a 
variety of conditions. We then examine limb images of 
Europa from the New Horizons (Fig. 1), Voyager and 
Galileo spacecraft to establish additional constraints on 
the characteristics of these potential plumes. We ex-
pect to gain new insights on the imaging requirements 
necessary to detect potential plumes. Such constraints 
will be useful for NASA’s proposed Jupiter Europa 
Orbiter. 
 
Background: The Voyager mission provided us with 
the first observations of active extraterrestrial volcan-
ism. Voyager 1 inadvertently discovered Ionian plumes 
during observations for a spacecraft navigational pro-
cedure [5]. Analysis of multiple stereo images of Tri-
ton’s illuminated disk revealed active venting on the 
surface [6,7], while Enceladus’ south polar plumes 
were discovered by multiple datasets from Cassini [8]. 
  Ballistic cryovolcanism has been considered 
and modeled as a possible mechanism for the forma-
tion of low-albedo features on Europa’s surface [2] 
(henceforth the Ballistic Model). A shear heating mod-
el for explosive venting has also been explored  to 
determine if Europa, like Enceladus, is capable of host-
ing  active plumes [9] (henceforth the Shear Heating 
model).  

In an effort to discover  recent plume activity, 
overlapping observations from Voyager and Galileo 
have been scrutinized to search for any changes that 
might have occurred on the surface between the two 
missions [3]. No surface changes were found but iden-
tification of small scale surface activity was restricted  
by the scarcity of comparable, high-resolution data 
between the Voyager and Galileo missions. The study 
concluded that while no large scale activity has oc-

curred in the last few thousand years, current venting 
may be small scale and sporadic in nature. 

 

           

 
Fig. 1. New Horizons spacecraft views of Io with 
plume Tvashtar (top; 12km/pix) and Europa (bottom; 
15km/pix)  
 
Analysis: We reviewed theories of explosive volcan-
ism on Europa to characterize the physical properties 
of potential plumes. We considered two main models: 
the Ballistic Model [2] and the Shear Heating Model 
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[9]. We estimated plume height and extent for differing 
weight percents of volatile species (Fig. 2), limiting 
ourselves to CO2 and SO2, the two main volatile spe-
cies that have been detected on Europa’s surface [10]. 
We also consider pure H2O, which is probably the pri-
mary candidate as a possible plume constituent [9]. We 
follow the approach suggested by [2] for estimating 
plume parameters.  Initial temperatures of T=273K and 
T=180K were assumed, where 273K is the temperature 
at which water ice melts, and 180K corresponds to the 
average temperature of the Europan lithosphere [11]. 
Eruption velocities, plume heights, and plume extents 
[2,4] were calculated for each plume type. Eruption 
velocity, , is described by: 
 

                                 (1)                               
in meters/second. corresponds to the mass percent-
age of gas in the plume, is the gas constant in units 
of J/mol-K, κ is the ratio of specific heats of the en-
trained gas, and  is the molar mass of the entrained 
gas in kg/mol. We use plume height, to describe 
the maximum height that a plume with a 45º ejection 
angle will extend above the surface of Europa:  

                                                      (2) 

in kilometers. Here =1.32m/s2 is the acceleration 
due to gravity at Europa.  Finally, we calculate plume 
extent, as: 

                                                       (3)                                       

In a next iteration of this model, we will add reason-
able mass estimates for the  plumes so that we can pro-
vide quantitative estimates of their optical depths.  

A crude preliminary examination of the New Horizons 
LORRI images at Europa (Fig. 1. bottom) reveals no 
plumes for a resolution of 15km/pixel. However, these 
images were not significantly processed. Nevertheless, 
by using similar observation geometries and the same 
detector used at Europa, plumes are observed at Io 
(Fig. 1 top).  

Results: Preliminary examination of our LORRI im-
ages suggests that any plumes which are as optically 
dense as those seen at Io would have to be less than 
30-45km high. Given this maximum height and Eu-
ropa’s proposed surface chemistry, the physics of  bal-
listic eruptions suggests that if plumes were present, 
they would be limited to ~22wt% or less of H2O at 
180K and ~14.5wt% or less of H2O at 273K, ~40wt% 
or less of CO2 at 180K and ~25wt% or less of CO2 at 

273K. Plumes would be limited to ~55wt% or less of 
SO2 at 180 K and ~35wt% or less of SO2 at 273K (Fig. 
2. a). Their lateral extent would be less than 200km 
(Fig 2. b). Such small plumes might explain low al-
bedo features on Europa and may still be forming to-
day. 
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Fig. 2.  [a] Plume height as a function of mass per-
centage of gas for H2O, CO2 and SO2 entrained plumes 
at 273K (dashed lines) and 180K (solid lines). [b] 
Plume extent as a function of mass percentage of gas 
for H2O, CO2 and SO2 entrained plumes at 273K 
(dashed lines) and 180K (solid lines).  
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