
ELEVATION DISTRIBUTION OF TITAN’S MOUNTAIN RIDGE BELTS: IMPLICATIONS FOR 

TECTONIC EVOLUTION.  Z.Y.C Liu1, J. Radebaugh1, E.H Christiansen1, C.D. Neish2, R.L. Kirk3, R.D. Lorenz4 

and the Cassini Radar Team. 1Department of Geological Sciences, Brigham Young University, Provo, UT 84602, 

USA., zacqoo@byu.edu. 2Department of Physics and Space Sciences, Florida Institute of Technology, Melbourne, 

FL 32901, USA. 3Astrogeology Division, U.S. Geological Survey, Flagstaff, AZ 86001, USA. 4The Johns Hopkins 

University Applied Physics Laboratory, Laurel, MD, 20723, USA. 

 

Introduction: Following their discovery by the 

Cassini spacecraft, mountain ridge belts on Titan have 

been reported to have a tectonic origin [1-5]. However, 

the cause of tectonism and the tectonic evolutionary 

history still remain unclear. In this study, (1) we ana-

lyzed the distribution and orientation of ridge belts to 

reveal their global tectonic pattern, and (2) we com-

pared the location of the ridge belts to a new global 

topographic map [6] to explore the connections be-

tween elevation and tectonism and their implications 

for Titan’s tectonic history.    

Global Structural Mapping: We mapped radar-

bright ridges as tectonic units and traced the strike of 

individual ridges across Titan using 350 m-resolution 

SAR images (Fig. 1a). Ridge orientations, which are 

length-weighted by dividing segments of constant ori-

entation into 1 km intervals, are plotted in 30o latitude 

interval bands (Fig. 1b) and are found in both equatori-

al and polar regions to be east-west. Notably, in three 

latitude bands from 30o N to 60o S, rose diagrams high-

light two dominant orientations (90o and 115o azimuth 

direction); other regions, including polar regions, only 

show one dominant orientation (90o azimuth direction), 

which suggests  ridges in equatorial regions have the 

same tectonic pattern. To examine the global ridge 

distribution, we used ridge density (RD) = Total 

mapped ridge length/SAR coverage areas (unit: 1 

km/100 km2) (Figure 1b). The highest RD is  between 

30o N and 60o S, which suggests that ridges tend to 

concentrate at the equator rather than the poles. A pos-

sible mechanism is global contraction, described in 

Beuthe (2010) [7], which allows thrust faults striking 

E-W to preferentially form in the equatorial region. 

Elevation Distribution: A new topographic map 

[6] allows us to examine the correlation between eleva-

tion and ridge belts (Fig. 2). We sorted the ridges into 

elevation bins of 100 m, ranging from -1500 m to 500 

m, where the the zero elevation is the 2575 km radius 

sphere, and compared it with a histogram of Titan’s 

global topography [8] (Fig. 3). The distribution of  

ridges is skewed toward higher elevations. The median 

elevation of ridges  is about 350 m higher than the me-

dian elevation on Titan. This suggests that ridge belts  

preferentially lie at higher elevations. 

To investigate this correlation, we used a Kolmo-

gorov–Smirnov test (KS test) which serves as good-

ness-of-fit technique and tests whether two  one-

dimensional probability distributions differ [9]. Here,  

the null hypothesis is that the elevations of Titan’s 

ridges have been drawn at random from the distribu-

tion function for Titan’s global topography. We tested 

two datasets: Titan’s topography and Titan’s ridge 

elevations. The test results are statistic D = 0.325, and 

p value = 0.02. Thus, the null hypothesis can be reject-

ed with 95% confidence, confirming the conclusion 

that ridge belts lie at higher elevations. 

Implications for tectonic evolutionary history: 

Based on their global distribution and orientations,  

ridge belts with a 90o azimuth direction are common 

globally, with an additional 115o orientation in equato-

rial regions. This implies that there may have been at 

least two tectonic events with different stress orienta-

tions in Titan’s history. The tectonic activities were 

more intense near equatorial regions. As for the obser-

vation that ridge belts preferentially lie at higher eleva-

tions, we explore several scenarios that could explain 

this correlation: 

(1) Scenario 1 - contraction: 

Contraction is capable of building ridges on higher 

elevation and thickening the lithosphere, which is con-

sistent with the observation that most of Earth’s moun-

tains lie in contractional regions with higher elevation. 

(2) Scenario 2 - cryovolcanism: 

A convective upwelling or plume is also capable of 

building ridges at higher elevation. However, topo-

graphic ridges related to upwelling plumes are typical-

ly extensional features, such as rifts, broad topographic 

rises, and radial fractures which have not been identi-

fied on Titan. In addition, convective upwelling might 

be related to partial melting. 

(3) Scenario 3 - fluvial erosion 

Fluvial erosion can create ridges between valleys as 

seen in the lowlands near Titan’s poles. However, pure 

fluvial erosion would not create  ridges with consistent 

linear E-W orientations as observed nor explain the 

location of ridges at higher elevations. In addition, 

fluvial erosion is not capable of eliminating the ridges 

[10]. 

(4) Scenario 4 - fluvial sedimentation  

Fluvial sedimentation is cabaple of burying ridges 

in lowlands but  sedimentation would not create  ridges 

with consistent linear E-W orientations. 

(5) Scenario 5 - aeolian infill  

      The abundance of ridges at high elevation could be 
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the result of burial of a global population by aeolian 

sediment in lower elevation basins. However, most 

sand seas lie in equatorial highlands.  

Conclusions: Overall, the most reasonable inter-

pretation is that contractional tectonism built the ridges 

and thickened the icy lithosphere causing regional up-

lift. Other interpretations, such as a upwelling plumes, 

cryovolcanic rises, fluvial erosion, and aeolian infill, 

fail to explain all of the observations. 

Thus, the combination of at least two global and 

regional tectonic events, likely contractional in nature, 

plus enhanced fluvial erosion and sedimentation near  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the poles would contribute to shaping Titan’s tectonic 

landforms and surface morphology to what we see 

today. 
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Fig. 1a. (Left) Titan structural map with Cassini SAR footprint background. Each line is a traced strike of an individual ridge.  

Fig. 1b. (Right) Rose diagrams are plotted in 30o latitude interval bands, showing preferred orientations of the ridges. Rose diagrams 

also reveal two dominant orientations (trend: 90o and 115o azimuth) between 30o N to 60o S; other regions show one dominant orien-

tation (trend: 90o azimuth). Ridge density (RD) shows that ridges tend to concentrate at the equator. The highest RD (=0.33) is be-

tween 0o to 30o S. 

 

Fig. 2. (Left) Titan’s ridge belts  plotted 

on  a global topographic map[7].  Black  

lines are individual ridges. 

 

Fig. 3. (Above) Histogram of Titan’s 

global topography (black dashed line) 

separated into bins 100 m in size com-

pared to the elevation of Titan’s ridges 

(red solid line).  Note the tendency for 

ridges to lie at elevations greater than 

average. 
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