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Introduction: Titan’s lakes and seas across the 

surface contain valuable information regarding the 

landscape evolution and dynamics of liquid composi-

tions at such extreme conditions relative to Earth. 

However, from Cassini radar studies [1-4], the large 

amounts of bodies of hydrocarbon lakes reveal similar 

patterns and beach morphologies (Figure 1). However, 

the morphology of the beaches surrounding these great 

lakes in the polar regions are still being investigated 

[5-6] while equatorial lakes are best explained as sup-

plementary subterranean sources (i.e., oases) [7], 

though still saturated by dune fields. It should be noted 

that the equatorial portion on Titan has an increased 

amount of tholin-hydrocarbon production, mainly 

within the dunes [4,7], potentially influencing the lake 

morphology constraints.   

 

 
Figure 1: Despeckled Cassini Synthetic Aperture 

Radar (SAR) view of Ligeia Mare, one of the largest 

hydrocarbon seas on Titan. Image credit: NASA/JPL-

Caltech/ASI (2015).  

 

Organic molecule production has been observed in 

the atmosphere of Titan. These organic grains are a 

result of radiation interacting with the simple hydro-

carbons present in the upper atmosphere. Particles after 

creation will continue to grow as they move through 

the atmosphere towards the surface. Particle character-

istics vary as their formation processes are dependent 

on environmental factors. Previous studies [8-9] have 

found a relationship between thermal inertia and grain 

size as demonstrated in Equation 1.   

 

       1. 

 

In this equation, thermal conductivity is represent-

ed by k, the diameter of the grain shown by d, pressure 

at the surface by P, and C and K are constants of 

0.0015 and 0.00081 torr respectively. For the calcula-

tions in the study, we used a pressure (P) of 1102 torr. 

The latest study by MacKenzie et al. 2019 [10] 

gave us maps of thermal inertia across the Titan sur-

face. These values can give us clues as to the grain 

sizes at play for the different polar and equatorial 

beaches. Understanding these grain sizes can help us 

understand the morphological evolution of such large 

(or constrained) lakes. Our objective is to calculate the 

grain sizes at various large lake locations across Titan 

(namely polar versus equatorial) to guide us toward an 

understanding of beach morphological constraints and 

investigate the equatorial lakes with organic grains.  

Methods :  The surface of Titan contains a diverse 

spectrum of topography. Thermal inertia values varied 

based on the unique geomorphological units [10] (Fig-

ure 2).  

 
Figure 2: Thermal inertia map of Titan with our 

current study locations marked (colored stars). The 

colors correspond to calculated curves in Figure 3-4. 

Thermal inertia map from [10]. 

 

       By utilizing the thermal inertias of individual units 

and Equation 1, we can determine the grain size in 

different beaches across Titan. We picked four differ-

ent locations across Titan (Figure 2 stars). The four 

locations we chose represented differences in polar 

regions and equatorial landscapes that could potential-

ly influence the grain size structure of the beaches and 

hydrocarbon lakes. The traverses were measured at the 

lake perimeter (rim to rim of the lake) including a 150 

km perimeter to include the beach environment.  
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Results: Using Equation 1, we calculated different 

grain sizes in the 6 different types of terrains described 

in [10]. These values are shown in Table 1.   

 

 
Table 1: This study’s calculations of grain sizes from 

different terrain regions of Titan as stated in [10].  

 

         Ligeia Mare (north polar lake) and Ontario Lacus 

(south polar lake) share similarities in the beaches hav-

ing a relative medium to fine grain size (0.25 – 0.92 

µm) (Figure 3). Interesting to note that in Figure 4 

showing convecting lakes (only in the polar lake re-

gions [10]), these polar lakes have a major decrease in 

particle size at the lakes. For the equatorial lakes in our 

study, we find that these lakes are surrounded by 

dunes, having a much higher grain size (relatively 

coarser) and larger variability in beach grain size over-

all (4.4 – 4.7 µm) (Figure 3-4).  

 
Figure 3: Lakes from our study with relative calculat-

ed grain sizes. X-axis represents a traverse point across 

each diameter of the lake. Y-axis is calculated grain 

size in microns. The still lakes portion is in Traverse 

#3.  

 
Figure 4: Similar to Figure 2 in that the polar lakes are 

now within the “convecting” regime from [10]. The 

lakes portion is in Traverse #3. 

 

       From these results we found that grain size gener-

ally increases with decreasing distance to convecting 

lakes in the polar regions. This gives us a clue as to the 

coarser grains of the polar beaches confining these 

great methane lakes. Little grain size variability (as 

with still lakes) lacks the dynamics of volatile trans-

portation, whereas a larger difference in grain sizes 

(convecting lakes) gives us a more dynamical view of 

how these polar lakes could transport volatiles through 

proposed aquifers or surface-atmosphere interactions. 

The variability in the equatorial lakes with much 

coarser grain sizes also gives us insight to the con-

straint of why these lakes may not be large enough to 

detect with simple imaging instrumentation, though 

estimated of their existence from Cassini radar [7]. 

Larger coarser grains could also add a more transition-

al (or rather lack of mobility) variable in that these 

lakes may be transient or seasonal, and that the diame-

ter of organics is affected based on these variations. 

With that noted, the variability of these polar lakes 

including smaller grains at the beach perimeters serves 

as a starting point for investigating the mobility of or-

ganic and Titan sand-like materials and proposed aqui-

fer-type morphologies.  

 

      Conclusions: Understanding size diversity in dif-

ferent topographic areas can provide a better beach 

sediment profile and its influence on the area morphol-

ogy. NASA’s New Frontiers Mission, Dragonfly, will 

provide further information on the chemical composi-

tion of surface samples taken from different landing 

sites [11]. Data obtained from this analysis could pro-

vide  better answers as to organic grains and their size 

variations, and their influence on Titan landscapes.   
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