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Introduction: Enceladus, a ~500-km-diameter icy 

satellite of Saturn, displays a plethora of structures that 

hint at the satellite’s tectonic history and the stresses 

involved. As summarized in [1], the surface composi-

tion is mostly crystalline H2O ice, although amorphous 

H2O ice, both free and trapped CO2, and light organics 

exist near the south pole. In comparison to the average 

global temperature of ~75 K, localized regions in the 

south polar terrain (SPT) have temperatures of >180 K 

and are associated with several geyser emission sites. 

These emission sites have been pinpointed along four 

prominent, sub-parallel fractures (termed ‘tiger 

stripes’) in the SPT. The SPT has the lowest crater 

density on Enceladus, and has been dated to be less 

than 500,000 years old [2]. 

The SPT is bounded at ~55° latitude by a promi-

nent series of sub-parallel ridges and troughs, separat-

ing it from more densely cratered terrains. This SPT 

boundary has been suggested to be either a belt of 

compressional folds [3-8] or a region of extension [9]. 

 
Figure 1: DEM 1 (red box) derived from images 

N1637464820 and N1660433987.  DEM 2 (yellow box) 

derived from images N1637464272 and N1637464820. 

Hypotheses and Tests: Using data over the SPT 

boundary on Enceladus’ leading hemisphere, we tested 

for both extensional and contractional origins of the 

boundary in two ways: 

1. Prominent Slope Angle: Normal faults typically 

break at ~60° angles to the surface, resulting in ~60° 

scarp dips [10]. If the SPT boundary consists of normal 

fault scarps, then slopes should dip at ~60° in locations 

that are consistent along strike, although tilting or ero-

sion of normal fault blocks would reduce this angle.  

To account for possible tilting or erosion of poten-

tial normal faults within the boundary, we lowered the 

expected prominent dip angle for an extensional fea-

ture from 60° to 45°. By our accounting, slope angles 

greater than 45° would support the hypothesis of ex-

tension. Alternatively, the hypothesis for contraction 

would be supported.  

2. Change in Slope: Because normal faults break at 

~60° angles to the surface, the resulting change in 

slope angle between the surface and the fault scarp 

should be ~60° consistently along strike. This value 

holds true for both tilted and non-tilted fault blocks, 

although erosion may still decrease the observed value. 

The surface manifestations of thrust faults and folds 

are not expected to consist of sharp changes in slope 

angles like those expected in normal fault systems be-

cause fault scarps would not be exposed on the surface 

in a contractional setting. 

Erosion of normal fault blocks could reduce the  

change in slope angle from ~60°. To account for this 

possibility, we lowered the maximum slope change 

criterion for an extensional feature from 60° to 45°. By 

our accounting, slope angles greater than 45° would 

support the hypothesis of extension. Alternatively, the 

hypothesis for extension would be supported. 

Data and Methods: Cassini Imaging Science Sub-

system (ISS) images were processed using the Inte-

grated Software for Imagers and Spectrometers (ISIS) 

[11] provided by the United States Geological Survey 

(USGS). Two digital elevation models (DEMs) were 

created from overlapping images using Ames Stereo 

Pipeline [12,13]. Measurements were taken using 

ESRI’s ArcGIS software. 

Several profile lines were created over and perpen-

dicular to several sets of ridges and troughs in these 

two DEMs (Figure 1). One hundred and twenty-two 

profile lines were created in DEM 1 (Figure 2), and 25 

profile lines in DEM 2 (not shown). Several slope 

measurements and slope change measurements were 

taken across each profile line, across individual ridges 

and troughs. The change (whether extensional or con-

tractional) across the entire width of the SPT boundary 

in this location was calculated as a percentage using 

the equation 

         
     

  
       , 

where Lf is the final width of the boundary, and L0 is 

the initial width of the boundary. In our measurements, 

L0  represents the current distance over the topography 

~100 km 
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across the width of the SPT boundary. We assume that 

L0 represents a minimum value for the initial length 

because thrust faulting may have hidden a portion of 

the initial length below the surface. With this assump-

tion, the (minimum) amount of shortening / elongation 

that took place across the boundary can be estimated 

using the equation 

          . 

 

     Results: For the SPT boundary location covered by 

DEM 1, the average slope across the ridge and trough 

walls is 14° with a standard deviation of 7° and a max-

imum value of 52°.  For the area covered by DEM 2, 

those values are 26°, 14° and 50°, respectively. These 

slope values are lower than the expected values for a 

series of normal fault scarps. 

For the SPT boundary covered by DEM 1, the av-

erage slope change across the ridge and trough walls is 

26° with a standard deviation of 13°.  For the area cov-

ered by DEM 2, those values are 31° and 14°, respec-

tively. These slope change values are lower than those 

expected for a series of normal fault scarps. 

Thus, these results better support the hypothesis 

that Enceladus’ leading hemisphere section of the SPT 

boundary is contractional over the hypothesis that it is 

extensional.  

 Figure 2: DEM 1. The profile lines used  to determine the 

amount of shortening are numbered 1 to 30 from bottom left 

(west) to top right (east). DEM 2 is not shown. 

The widest section of the SPT boundary that we 

analyzed is covered in DEM 1. From an additional 30 

topographic profile lines in each DEM (e.g., Figure 2), 

each line crossing the entire width of the SPT bounda-

ry, we took measurements of Lf and estimates of L0. 

We used those values to calculate the percent contrac-

tion and the amount of shortening across the SPT 

boundary in those locations. 

An average of ~1.5 km of shortening (standard de-

viation of 0.8 km) and 6% contraction took place at the 

section of the SPT boundary covered in DEM 1 (Fig-

ure 3). The maximum amount of shortening calculated 

was 3.0 km (12% contraction across the boundary). 

 
Figure 3: Minimum amount of shortening calculated across 

30 profile lines numbered from west to east across the SPT 

boundary covered by DEM 1 (Figure 2). 

An average of ~1.3 km of shortening (standard de-

viation of 0.8 km) and 10% contraction took place at 

the section of the SPT boundary covered in DEM 2 

(not shown). The maximum amount of shortening cal-

culated was 3.4 km (23% contraction). 

Future work: Additional analyses will be con-

ducted around different sections of the SPT boundary. 

If further work continues to support a contractional 

origin for the SPT boundary, then the total amount of 

contraction accommodated by the SPT boundary could 

be used to estimate the amount of spreading that may 

have taken place from the tiger stripes. By using previ-

ously determined terrain ages from crater age dating in 

this region [14], a spreading rate for the tiger stripes 

could also be constrained.  
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