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Introduction:  Europa’s icy surface retains few 

impact craters and displays a variety of resurfacing 
features indicating endogenic activity [1]. Given its 
young surface age of < 100 Myr [2], this activity may 
have occurred in the geologically recent past, or in fact 
may be ongoing [3]. Tidal heating of the ice shell is a 
likely energy source for such activity [4]. Temperature 
is a fundamental quantity that could be used to identify 
any active or recently active region and determine its 
age. Similar measurements on Enceladus led to the 
discovery of activity and critical insights into its possi-
ble origins [5]. 

Previous studies have investigated the cooling be-
havior [6] and detectability [7] of some possible ther-
mal anomalies on Europa, which could be associated 
with geologic features such as lenticulae, chaos, ridges 
and bands. Here, we summarize and expand upon this 
work to evaluate the detectability of hot spots with 
NASA’s upcoming Europa mission. 

E-THEMIS: The Europa Thermal Emission Imag-
ing System (E-THEMIS) is a multi-band high-
resolution thermal imager on the payload of the Europa 
mission, expected to launch in the 2020’s. It is based 
on the highly successful THEMIS investigation at 
Mars [8]. E-THEMIS has several science objectives, 
including the detection and characterization of thermal 
anomalies associated with recent or ongoing activity. 
To accomplish this objective, E-THEMIS will perform 
both nadir “push-broom” observations and global 

scans to build up daytime and nighttime coverage in all 
three spectral bands: nominally 7-14, 14-28, and 28-70 
µm. Hot spots are most easily detected at night, when 
background surface temperatures are < 100 K at the 
equator [9]. With an expected precision and accuracy 
of 1-2 K from 90 to >200 K, E-THEMIS will have the 
capability of detecting anomalies much smaller than 
those observed on Enceladus, for example. 

Previous Models and Data:  Based on 1-D ther-
mal model calculations, temperatures at the surface of 
a cooling intrusion of liquid water or warm ice should 
remain elevated for ~100 – 1000 yr, depending on its 
initial depth and thickness [6]. This result is similar to 
that obtained from analytical solutions of the 1-D 
“Stefan problem” (Fig. 1) [10]. The effective lifetimes 
of these anomalies may be somewhat shorter, depend-
ing on the minimum temperature anomaly that can be 
detected. Although the Galileo PPR instrument did not 
detect any obvious endogenic thermal anomalies, its 
surface coverage (~20% with good diurnal coverage) 
and resolution were sufficiently limited that 100 km2 
hot spots >1000 K could have gone unseen over much 
of the surface [7]. Given a likely resurfacing rate, [6] 
estimated there should exist ~1 to 10 detectable ther-
mal anomalies on Europa’s surface at present. Indeed, 
models of lenticulae formation [11] predict shallow 
intrusions (sills) with effective lifetimes of ~0.3 Myr 

 
 
Figure 1: Surface temperature after emplacement of a 
liquid water layer, as a function of time since its initial 
eruption at 273 K. The analytical solution is similar to the 
one shown in [6]. 

 
Figure 2: Simulated E-THEMIS image based on a model of 
Europa’s surface temperatures including hypothetical “tiger 
stripes” similar to those on Enceladus [5]. These parallel 
linear thermal anomalies are clearly visible at ±45° latitude. 
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and conductive heat fluxes up to 600 mW m-2, corre-
sponding to a surface temperature anomaly of ~2 K.  

Detectability of Hot Spots with E-THEMIS:  
Endogenic activity could effectively concentrate heat 
flow into fractures and vents, in which case surface 
temperatures may be greatly elevated, as on Enceladus 
[5]. These “tiger stripe”-like anomalies (Fig. 2) would 
be readily detectable by E-THEMIS, regardless of their 
location on Europa’s surface. More likely, heat flow 
would be locally enhanced by subsurface anomalies, 
due to diapirism or liquid water intrusions [e.g., 12]. 
Through conductive heat flux alone, a buried liquid 

layer at depth 	z and temperature 	Tl  would produce a 

small temperature change at the surface 
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where 	Ts  is the background surface temperature and 

σ is the Stefan-Boltzmann constant. Assuming a con-

ductivity 		k~ 1 W K-1 m-1 and 	Ts = 90 – 110 K, we 

find 		δT ~ 1 K for a liquid layer depth ~ 500 m to 1 
km. In other words, once the freezing interface has 
advanced to > 1 km, its effect on the surface tempera-
ture through conduction becomes negligible. 

Global heat flow?  Detecting Europa’s global 
background heat flow using surface temperatures 
would be challenging. Over a modeled range [13] of 
geothermal fluxes through the ice shell of 10 – 100 
mW m-2, we expect a modest difference in surface 
temperature minima of ~1 K in the mid-latitudes, and 
up to ~2 K at 85° latitude (Fig. 3). Therefore, high-
latitude temperatures are most likely to reveal back-
ground heat flow. If Europa harbors permanently 
shadowed regions near the poles, their temperatures 
would be sensitive indicators of interior heat flow [14]. 
Nonetheless, Figure 3 shows that accurate determina-
tion of surface (bolometric solar) albedo could help 
disentangle Europa’s background heat flux outside of 
permanent shadows, if it is > 200 mW m-2 or so. 
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Figure 3: Modeled temperature anomalies (relative to the local 
background, at the origin) for different values of thermal iner-
tia, albedo, and heat flow. This case is for latitude = 85°. Error 
bars indicate expected measurement uncertainties for E-
THEMIS. 
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