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Introduction:  In this pilot study, we map bands 

and ridges in three regions of Europa using moderate 

resolution images from the Galileo spacecraft. Ridges 

are defined as high-albedo features with positive to-

pography at heights of several hundred meters, and 

range in length from several hundred meters to thou-

sands of kilometers [1]. Bands are wedge-shaped ex-

tensional features where material from the interior is 

incrementally ejected through a break in the surface 

[2]. In this work, we investigate a hypothesis that the 

volume of ice created through band spreading can be 

compensated by compression of ice at ridge features. 

Based on this investigation, the hope is that we are able 

to propose constraints on  the thickness of the outer ice 

shell, of which there is no current consensus. 

Assumptions: Several  assumptions and surface 

feature criteria had to be established in order for this 

work to be reproducible. We assume ridges must have 

a persistent shadow measuring at least 1 pixel long. 

They also must be raised from the surrounding terrain, 

evidenced by a higher albedo. While bands span a high 

range of albedos, they can be identified by their sym-

metrical peaks and valleys, indicating spreading 

events. Older, faded bands that have little or no evi-

denced symmetry can be classified as part of the back-

ground matrix.  

Mapping:  Three sites composing approximately 

3% of the total surface area of Europa were selected at 

varying longitude and latitudes. Each site has a mosaic 

of moderate resolution images from the Galileo Solid-

State Imaging (SSI) instrument. Mapping of ridges was 

done in QGIS in the following process: first ridges 

were identified and a central line is traced over the 

feature, then ridge width and shadow length were 

measured at evenly spaced increments (~10 km).  The 

process for mapping bands was similar. The bands 

were outlined in order to calculate total surface area, 

and band widths were calculated in evenly spaced in-

crements between 5 to 10 km.  

Calculations: Using these measurements, we can 

approximate surface area and volume of ridge and 

band features. Ridge heights can be obtained from the 

shadow length and solar inclination angle. An average 

width of the ridge is calculated from multiple width 

measurements of a single feature. Ridge length is listed 

from the ridge outline traced in QGIS. However, even 

with the highest resolution images, it has not yet been 

possible to determine exact topographic shape of the 

ridges on Europa [3]. We considered three plausible 

geometric models of ridges: triangular, rectangular, 

and ellipsoidal.  

For band calculations, there are two existing mod-

els of band spreading which can lead to significantly 

different volume approximations: triangular and rec-

tangular wedge geometries [e.g. 2, 4]. Volume estima-

tions were calculated using several published values 

for the outer ice shell thickness, from 100 m to 50 km 

[5].  

 

 
Figure 1: shows Site 1 with bands in blue, ridges in 

red and features that are possibly ridges in green. Pos-

sible ridges have inconsistent shadows or shadow 

lengths <1 pix.  
 

Results: Surface area calculations for bands and 

ridges were presented as percent surface area for the 

ratio of ridges/bands. Table S1 shows the percent sur-

face area calculations for the ratio of ridges surface 

area over band surface area. While Sites 1 and 2 share 

similar results as the ridge surface area accounts for 

less than half of the total band area, the ridge area in 

Site 3 accounts for 70-96% of the band area. Sites 1 

and 2 were in the same region of Europa, while Site 3 

was on the opposite side of the moon. The large differ-
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ence in rectangular surface area of Site 3 can be at-

tributed to the fact that there were far fewer identified 

bands in this site, and the ridges were significantly 

wider than in Sites 1 and 2, which leads to a higher 

surface area especially in the rectangular model.  

Realistically, the surface of Europa likely has vari-

ous ridge-dominated components (Site 3) and band-

dominated components (Sites 1 and 2). The total band 

and ridge surface areas are of the same order of magni-

tude, which prompts further investigation on a more 

global scale to better understand their relationship and 

possible correlation.  

One goal of this project was to hypothesize con-

straints on the thickness of the ice shell based on vol-

ume estimates of bands and ridges (Table S2). Vol-

umes for each model for ridges (rectangular, triangular, 

and ellipsoidal) and bands (triangular and rectangular) 

were considered for thickness of the ice shell as: 100 

m, 2 km, 10 km and 50 km. Based on our results, in 

order for ridge compression to entirely compensate for 

band extension, the bands would need to reach depths 

of 100-700m. While published estimates of ice shell 

thickness are often listed on the order of several kilo-

meters [5], it is possible that the process of band 

spreading does not begin where the ice shell meets the 

ocean, but rather it may originate at a more shallow 

depth in the ice shell. In the case that pockets of liquid 

water exist within the shell that fuel these spreading 

events, our volume calculations are an underestimate 

of the actual shell thickness.  
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Figure 2. The global mosaic of Europa with Sites 1, 2 and 3 outlined & labelled. Sites 1 and 2 in the southeast extend from 

~134° E to 180° E longitude and ~171° S to 11° S latitude, while Site 3 in the northwest covers ~106° W to 72°W and ~26° N to 

65°N. 

 

 

Table S2: Lists  the percent vol-

ume of ridges over bands  in the case 

where bands reach a depth beneath  in 

the  ice shell of 100 m, 2 km, 10 km, 

and 50 km. Two geometries of band 

shape were considered: a rectangular 

shaped band  has the same width from 

surface to  the deepest point, while a 

triangular  band has the  greatest width 

at the surface and decreases with depth
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