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Here we provide additional details on the circularity and topography of small circle 

depressions (SCD’s) on Europa and an enhanced discussion on the determination of 

parameters for the true polar wander model proposed. 

 

 

Supplementary Figure 1.  View of arcuate trough (arrows) and secondary basins (S) on 

the leading hemisphere of Europa, illustrating the near perfect circularity of these 
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features, despite known length of 500 km.  Orthographic map projection is centered on 

the best-fit center (10° S, 120° W) of the leading hemisphere set of SCDs.  Black circles 

and lines are concentric and radial to this center, spaced every 15 and 30 degrees, 

respectively. 

Topographic information on SCDs is limited to two small Galileo stereo mosaics (one 

for the arcuate troughs, one for a portion of a secondary basin), and low-Sun Galileo 

terminator imaging for which we use photoclinometric (PC) methods to produce digital 

elevation models (DEM) of the surface.  These data are presented here.  The single stereo 

DEM of an arcuate trough indicate relief of 300 m or so (Supplementary Fig. 2) with 

uncertainties of a few 10s of meters.   PC of troughs in other areas is consistently within 

50 meters of this estimate (Supplementary Fig. 3).   Stereo and PC data both show that 

the secondary basins are significantly deeper than the troughs.  A stereo DEM of part of a 

secondary basin on the leading hemisphere shows relief of ~1 km (Supplementary Fig. 

4).  The PC DEM in Supplementary Fig. 3 also indicate depths of 1 to 1.5 km on the 

largest of these depressions, with uncertainties of a few hundred meters.  While stereo 

DEMs are not subject to long wavelength uncertainties, PC DEM can sometimes have 

undetected long wavelength errors1.  These depressions (Supplementary Fig. 3) have the 

some of the strongest shadows of any feature observed in terminator images of Europa, 

and are the furthest shadowed features from the terminator recognizable in any of the 

images.  These characteristics and the estimated depths from the DEM’s all support the 

conclusion that these basins are the deepest (non-sub-kilometer wide) features on Europa.  
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Supplementary Figure 2. Color coded stereo-derived DEM (at right) of a small part of 

arcuate trough in Circle L.  White box in left context image shows location of DEM.  

Black arrows show location of arcuate trough.  DEM dynamic range (vertical scale bar) is 

500 m, indicating relief of 300 m or so across the trough.  DEM view is centered at 0°N, 

76° W. 

 

 

Supplementary Figure 3.  Panchromatic Galileo image mosaic (left) and coincident 

photoclinometric (PC) DEM (right) of arcuate trough (T) and secondary basins (S).  PC 

processing includes correction for local albedo changes1.  Vertical scale bar gives 
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dynamic range of topography.  Shading variations along the strike of the arcuate trough 

suggest that relief may be variable.  The largest secondary basins are between 1 and 1.5 

km deep, with uncertainties of 250 m or so, others are only a few hundred meters deep.  

Image centered on 35° S, 165° W. 

 

 

Supplementary Figure 4.  Color coded stereo-derived DEM of northern part of set of 

three secondary basins (arrow) centered at 37° N, 87° W.  Location is shown in context 

image at left.  Although spatially incomplete, these data show that 900-1000 m of relief 

occurs in association with these troughs with uncertainties of 50 m or so1.  Vertical scale 

bar gives dynamic range of topography.  Horizontal scale bar applies to right-hand image 

only. 

 

We arrive at a combination of large TPW and a self-consistent reorientation of the 

tidal axis for the following reasons.  NSR produces provinces of thrust faulting around 

the initial tidal axis (e.g. 1). Therefore, NSR would produce thrust faulting provinces 

instead of normal faulting provinces near the locations where the circles are observed. 
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Even for the extreme and unlikely scenario of 180 deg of NSR, the predicted normal 

faulting provinces are not centered around 120° and 300° W longitudes, the center 

longitudes of the two Circles.  TPW produces provinces of normal faulting around the 

initial rotation poles2.  Therefore, large TPW can explain the SCDs.  However, given the 

longitudes of the centers of the SCDs, we also considered reorientation geometries that 

also affect the tidal axis (reorientation of the rotation axis must be accompanied by a self-

consistent reorientation of the tidal axis such that these two axes remain perpendicular to 

each other, we use this as an additional constraint. 

Isotropic expansion occurs for a satellite that is currently undergoing shell thickening4, 

and for which there may be indirect evidence on Europa5.  Neglecting this does not affect 

the deviatoric stress, and slightly increases/decreases the size of the thrust/normal faulting 

provinces.  The combination of TPW and modest isotropic expansion of 0.002% is used 

in our stress model results in the best fit to the observed features. 
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