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Introduction:  Several moons on our solar system 

display patterns of global stress fields driven or modi-

fied by global forces that affect patterns of tectonism. 

Europa’s tidally induced fracture patterns [1, 2, 3, 4, 

5], Enceladus’s tiger stripes [6, 7, 8, 9], Ganymede’s 

global expansion induced normal fault bands [10, 11, 

12], and Io’s plain ridges [13] are examples of such 

tectonic patterns. 

Due to its eccentric orbit and its proximity to Sat-

urn, tectonic features and global stresses may be pre-

sent on Titan as well. Images taken with the RADAR 

Mapper (Cassini RADAR) aboard the Cassini space-

craft have revealed features of high topography re-

ferred to as mountain chains [14]. While other icy 

moon surfaces such as Ganymede and Callisto, both of 

which share comparable size and mass with Titan, are 

dominated by impact craters, Titan’s high topographic 

features appear more Earth-like, suggesting probable 

formation by endogenic processes. 

Synthetic Aperture RADAR (SAR) imagery ob-

tained by Cassini RADAR, and derived topographic 

information, show evidence for possible contractional 

tectonism within Titan’s equatorial region [15]. Iso-

tropic stress from radial contraction, in addition to 

stress from rotational spin-up, favor the formation of 

mountain chains in the East-West direction in the equa-

torial region- Like those observed on Titan with both 

the Cassini RADAR [15,14] and VIMS [16] data.  

In this study, we investigate the orientations of 

mountain chains on a global scale. Using maps con-

structed in ArcGIS, we use Cassini RADAR imagery to 

map Titan’s mountain chains. We then use this data to 

construct rose diagrams for mountain chain orienta-

tions, which were then analyzed and compared with 

stress models. Finally, we interpret the geophysical 

implications of the mountain chains and their orienta-

tions in order to create a higher-order picture of 

tectonism on Titan.   

Observations: Mountain chains were mapped us-

ing images from the Cassini RADAR swaths from the 

T3 to T69 flybys. Surface features that are identified as 

topographically high, possessing a clear bright-dark 

pairing, and inferred to be formed from endogenic pro-

cesses (i.e. tectonically), were included in the mapping. 

Two distinct categories to tectonically formed moun-

tain chains developed during the mapping process. The 

first are those we define as mountain chains: features 

that possess clear bright-dark pairing, indicating over-

lap. The exemplary mountain chain shown in figure 1, 

known as Misty Montes, is an example of the presuma-

bly tectonic features defined in this category.  

 
Figure 1. Misty Montes, located in Cassini RADAR 

swath T23 and at approximately 62 W, 57 N, demon-

strates the types of tectonically formed mountain 

chains mapped in this research. 

The second category of mountains developed in this 

study are what we define as Colles; Collis (or plural: 

Colles) is defined by the IAU as a small hill or knob. In 

this study, the colles sit within Titan’s dune fields, pri-

marily in the equatorial latitudes. As shown in figure 2, 

Titan’s colles are identified by a redistribution of the 

dune field and a marbling effect of the bright-dark pair-

ing. The colles in the figure are known as Arwen 

Colles. 

 
Figure 2. Arwen Colles, located within the T8 swath 

at approximately 260 W, 8 S. Colles are identified as 

a redistribution of the dune field and a marbling effect 

of the bright-dark pairing.  

All mountain chains and colles were mapped indi-

vidually using a polygon feature class in ArcMap. Fol-

lowing the mapping process, mountain chains and 

colles were verified to be topographic highs, when 

possible, using SARTopo data [17]. 
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Analysis:  Following the mapping of Titan’s moun-

tain chains and colles we used the data to establish 

orientations and create rose diagrams.  

Orientations were determined by first calculating 

the slope between each vertex within an individual 

polygon. Slope was determined using the x-y coordi-

nate of each vertex within a given polygon. From this, 

the angle was determined for each set of vertices. The 

orientation of the given polygon was then calculated 

by determining the mode angle of the vertices. This 

orientation angle, measured from 0 N, was then binned 

to form each rose diagram. The two images in figure 3 

are global maps of rose diagrams for this studies 

mountain chain and collis categories. It is key to note 

that a global pattern emerges with a general trend of 

East-West orientation at the equator and North-South 

orientation at the poles. 

The orientations of mountain chains formed from 

various sources of global stress provide clues to the 

dominate mechanism driving tectonism on Titan. 

Therefore, the orientations of the mountain chain and 

collis categories were then used to analyze the stress 

models for sources of compression and tension. Analy-

sis of models for Titan’s stress field due to tidal stress, 

migration towards and away from Saturn, and it’s re-

sponse to rotational spin-up and spin-down show null 

results. However, the orientations can be explained  

with a combination of global contraction and 

despinning as long as the lithospheric thickness is 

thinner at the poles. Following the methods used by 

Beuthe (2010), we have produced a stress model for 

Titan with the above constraints [18]. This model pro-

duces the compression and tension we would expect to 

see for the orientations of the mountain chains and 

colles observed on Titan’s surface. 
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Figure 3. The images to the left are global maps of rose 

diagrams for this studies mountain chain (a) and collis (b) 

cat- egories. Each rose diagram is a result of binning mapped 

polygons into 30  degree square regions. Note the magni-

tude of the individual rose diagram is proportional to the 

number of polygons within the given 30 degree square bin. 
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