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Background

Figure 1: Some examples of double ridges on 
Europa in E15RegMap01. 
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Figure 3: A map of the E15RegMap01 study area with all 
ridges and pits mapped. The pits shown here are described 
in [10].

Figure 4: A map of the E15RegMap01 study area with only 
double ridges and pits mapped. The black lines represent the 
average orientations of the double ridges used to calculate 
relative orientation.

Science Question:
If pits and double ridges are both associated 
with liquid water in Europa’s ice shell, then 
they could exhibit a spatial relationship to 

each other on the surface. 
Is there a spatial relationship between 

double ridges and pits on Europa?

• Europa is an ocean world with compelling potential for habitability due to 
the large amount of water beneath its ice shell [1] 

• Ridges are plentiful on Europa’s surface [2,3], and one of the most 
common types is a double ridge. Double ridges may be associated with 
liquid water on Europa [4,9]. In some ridge formation models, the water 
ascends into the ice shell and then spreads out to form a linear sill [5–9] 
and freezes, stressing the surface and causing it to crack

• A variation of this method has also been suggested as a formation process 
for microfeatures on Europa  [5,10,11], particularly pits, which may have 
liquid water under them right now [6,11]

• We could expect to see low relative orientations in pits nearest to the 
ridges if the two feature types are related Maps and Methods

Initial Results

• We searched for evidence of a spatial relationship between 
pits and double ridges in one of four regions

• These areas have been mapped for microfeatures [10,11] 
• We start with the region that has the highest number of 

pits 

Figure 2: Europa basemap [11] showing the locations of the four regional mosaics 
(RegMaps) examined here.

Figure 5:. The relative orientation is the orientation of a pit 
(red ovals) relative to a double ridge’s orientation (black line) 
and ranges from 0° (A) to 90° (B). The distance (d) is the 
minimum distance between a ridge and a pit. 
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Figure 7: A scatter plot of the relative pit orientations of the 30 closest pits to each double ridge versus the distance 
of those pits from the double ridge in E15RegMap01. There does not appear to be a clear correlation between the 
relative pit orientations and distance from the nearest double ridge. We searched for all pits within a 500 km 
distance of the double ridge to determine if there is a characteristic distance beyond which a correlation becomes 
visible, and show here only the closest 30 for each ridge (even if the 30th one is ~500 km away).

Figure 6: Histogram showing a pit’s distance to its closest double ridge in 
E15RegMap01. This differs from Figure 7 distance because this only reports 
the distance from a pit to its closest double ridge rather than a fixed number 
of pits within a search distance from a double ridge.

Preliminary Conclusions

• There is no clear correlation 
between relative pit 
orientation and distance from 
a double ridge in the region 
studied

• Pits do not show a preference to 
form near double ridges

• Pits and double ridges may not form 
from the same liquid water sills in 
the ice shell (or perhaps not at the 
same time)

• Future work should focus on 
reconciling these observations with 
both double ridge and microfeature 
formation models

Future Work

• Data remains uncollected in other regions due to the pandemic restricting our access to ArcGIS tools
• We will look at E17RegMap02 next because it has the second-highest number of pits out of all the regions 

studied
• We need to consider the possibility that there is a central main chamber with dike systems connecting to it 

and how these systems would affect the surface topography [12, 13]
• We need also to examine terrestrial analogues [12] for a more complete picture

• Double ridges and the pits nearest to 
them may show similar orientations if 
they formed from the same sill 

• To measure this we measured the 
average orientations of the double ridges 
and the orientations of the 30 pits 
nearest to them

• We expect to see low relative 
orientations in pits nearest to the 
ridges if the two feature types are 
related


