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Introduction:  Time, along with the proper chem-

istry and enough energy, are all likely to be necessary 
for life to develop. Jets of water erupting from Encela-
dus’s south polar terrain (SPT) [1,2] have provided 
evidence that the interior contains organics [3]. Salts 
found within the plume suggest the jets are likely 
sourced from a body of liquid water [3]. However, the 
extent of the hypothesized ocean is uncertain with es-
timates ranging from a global ocean [4] to a localized 
sea [5]. Measurements from the Cassini spacecraft 
have shown the energy produced within Enceladus is 
much higher than expected [2,6], as generated from the 
tidal forces induced by Enceladus’s elliptical orbit 
around Saturn [2].  

The persistence of Enceladus’s subsurface liquid 
layer is unknown. One hypothesis suggests the moon 
experiences episodic overturn on a ~1 Gyr year time 
scale [7]. The periodicity of activity could be induced 
by a change in the orbital eccentricity where a larger 
eccentricity results in greater tidal heating, a thinner 
ice shell, and a larger body of subsurface water [2]. A 
thin ice shell (<40 km) would induce greater tidal 
stresses [8] which can create more pronounced tectonic 
structures on the surface. Here we focus on the long-
term geologic history of Enceladus as preserved in its 
ridges, troughs, and fractures visible on the surface to 
demonstrate its long-term potential for subsurface liq-
uid water and habitability.   

Geologic Structures:  Enceladus’s oldest struc-
tures are observed in the cratered Saturnian and anti-
Saturnian hemispheres (1-4 Gyr) [9]. The region con-
tains small ridges 10s m high and 1-15 km long (Fig. 
1). The dearth of craters on the SPT, leading and trail-
ing hemisphere terrains (LHT and THT) suggest the 
features observed in these regions are recent phenome-
na [9]. However, each of these three terrains contains 
distinctly unique ridges. The THT contains two main 

sets: a smaller set of 
ridges (~50 m high), and 
the larger dorsa (~50 km 
long, ~800 m high) (Fig 
2A). Two different ridge 
types dominate the 
LHT: a smaller set (1-20 
km long, 10s m high), 
and a larger but less 

numerous set (15-35 km long, >600 m high) (Fig. 2B). 
The SPT also shows two ridge types, a smaller scale 

(~50 m ampli-
tude) ropey ter-
rain ridge set 
(similar to the 
smaller scale 
ridges of the 
THT), and the 
larger tiger 
stripes (~130 
km long, <200 
m high) (Fig. 3).  

Discussion: We suggest the ridges observed in the 
Saturnian and anti-Saturnian hemispheres preserve an 
ancient period of deformation when Enceladus’s ice 
shell was thin enough for tidal stresses to deform the 
surface. That was followed by later stage of activity in 
the LHT, THT, and SPT. Differences in the thickness 
of the ice shell can help explain why the SPT (thick 
ocean; thin ice shell) is currently active but the regions 
further north (thin ocean; thicker ice shell) are not. We 
suggest the ice shell is currently thickening from north 
to south. This causes the tidal stresses to reduce in 
magnitude [8,10] limiting the possible tectonic defor-
mation and activity. If the ocean were to survive be-
tween the time of the ancient terrains and today, it 
would point to a long history (>1 Gyr) of subsurface 
liquid water on Enceladus.  
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Fig	   1.	   Ancient	   ridges.	   White	  
arrows	   point	   to	   two	   ridges	  
located	   in	   the	   trailing	   hemi-‐
sphere	   cratered	   terrain.	   Image	  
N1489050409.	  	  

Fig	   3.	   Ropey	   terrain	   and	   tiger	  
stripes.	   Black	   box	   shows	   the	  
location	   of	   some	   of	   the	   ropey	  
terrain	   ridge-‐troughs.	   White	  
arrows	   mark	   the	   location	   of	   a	  
portion	   of	   the	   tiger	   stripe	   Da-‐
mascus.	   Image	   is	   a	   south	   polar	  
projection	  of	  a	  portion	  of	  image	  
N1604167575.	  	  
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Fig	   2.	   A)	   Saturn	   shine	   image	   of	   dorsa.	  
Image	   N1675146616.	   B)	   Leading	   hemi-‐
sphere	   ridge	   terrain.	  Vertical	   line	  shows	  
the	   location	   of	   a	   limb	   profile.	   Image	  
N160436392.	   White	   arrows	   show	   loca-‐
tions	  of	  ridges	  and	  dorsa.	  Both	  images	  in	  
cylindrical	  projection.	  
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