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Introduction:   
Enceladus exhibits a remarkable array of tec-

tonic features on its surface, now revealed in de-
tail by the Cassini mission.  One first step to take 
when confronted with an array of new tectonic 
features is to measure the amount of strain repre-
sented by the features.  This can be done either by 
analyzing the geometry of individual faults, or by 
using strain markers of known initial shape.  Im-
pact craters provide convenient circular strain 
markers, and have been used on Mercury [1], 
Mars [2], Venus [3], and Ganymede [4].  In this 
project, we are examining 
craters on Enceladus which 
are cut by tectonic features in 
order to determine the strain. 

Mapping: 
We started by download-

ing all of the images in the 
PDS with resolutions better 
than 500 m/pixel.  After proc-
essing them through ISIS, we 
imported them into ArcGIS 
and tied the high resolution 
images to the high resolution 
image mosaic by Roatsch et 
al. [5]. 

Our search of the images 
turned up the most promising 
concentrations of craters cut 
by faults in the cratered ter-
rain east of Diyar Planitia.  
This area is well covered by 
high resolution imaging, with 
resolutions ranging from 68-
274 m/pixel.  Miller et al. [6] 
previously looked at interac-
tions between craters and 
fractures in this same area, 
but they investigated the de-
flection of fractures, while we 
are investigating the geome-
try of the craters themselves 
in relation to the fracture 
sets. 

We set out to map all of the craters, fractures, 
troughs, and ridges in this area in order to have a 
complete survey of the interaction between craters 
and tectonic features.  The features were digitized 
directly on the controlled high resolution image 
mosaic, using higher resolution Cassini frames 
(<111 m/pixel) to double-check features where 
possible.  The map of craters and fractures is 
shown in Figure 1. 

Over 2000 fractures were mapped in this area, 
concentrating on the most recent, morphologically 
sharpest features, since these are the ones that are 

Figure 1.  Map of old cratered terrain east of Diyar Planitia on Enceladus.  The latitude 
ranges from 16°N to 47°S and longitude ranges from 145° to 205°E.  The illumination is 
from the west. The pink lines represent the fractures (focusing on those that pass through 
craters), while the green circles represent the crater rims. 
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modifying the impact craters.  The bottoms of the 
troughs (as inferred from shading) were digitized. 

We digitized over 200 craters larger than 1 km 
in diameter.  Points were carefully picked along 
the rim crest, at a density to most accurately rep-
resent the shape of the crater.  Interruptions in the 
rim by younger features (e.g. other craters) were 
skipped over.  Some topographically subdued 
(probably very old) craters were also skipped due 
to difficulty in defining the location of the rim 
crest. 

 
Analysis of map data: 
The azimuth was calculated for each line seg-

ment of each fracture mapped, and then an overall 
average azimuth (weighted by segment length) 
was calculated for each fracture.  Figure 2 shows 
that the fractures are dominantly oriented NE and 
SE, with very few E-W oriented features. 

 
Figure 2.  Histogram of fracture azimuths in map area. 

 
Best-fit ellipses were calculated for all of the 

digitized crater rims, using the downhill simplex 
method [cf. 4].  Error analysis of this data is still 
underway, but the initial data does not show a 
clear trend of craters being stretched orthogonal 
to the fractures.  Figure 3 shows the azimuths of 
the major axes of the best-fit ellipses to the crater 
rims. 

 
Figure 3.  Histogram of best-fit crater rim ellipse ma-
jor axis azimuths in map area. 

 

Discussion: 
If the fractures in this region of Enceladus 

were causing significant surface strain, many of 
the craters should be elongated orthogonal to the 
fractures.  Instead, the elongations are in all direc-
tions (probably due to small natural variations in 
initial crater shape), with the only significant in-
crease in the N-S direction (orthogonal to a con-
spicuous lack of fractures).  The calculated ellip-
ticity of the craters is fairly low overall (less than 
1.1), and is similar for the craters that are cut by 
fractures and those that are not. 

Our preliminary conclusion, backed up by 
analysis of pit chains [7] is that the tectonic fea-
tures in this region of Enceladus exhibit very little 
strain and may be open tension fractures or 
widely spaced dilational normal faults. 

Our next steps are to perform more rigorous 
tests on the data to look for statistical differences 
between the craters that are cut by faults and 
those that are not, and to investigate a few of the 
most fractured craters in more detail. 
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