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abstraCt

Saturn’s moon Titan has a surface that is dominated by molecular materials, much of which are 
photochemically produced in the moon’s atmosphere. This outlook reviews the potential minerals 
that would be expected to form on the surface and subsurface of Titan from these molecular solids. 
We seek to classify them and look toward how the future study of these minerals will enhance our 
understanding of this planetary body. The classification uses the basis of intermolecular interactions, 
with the materials grouped into “Molecular solids,” “Molecular co-crystals,” and “Hydrates” classes 
alongside speculation on other possible classes of potential Titan minerals.
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intrOduCtiOn

The Cassini-Huygens mission has revealed Saturn’s largest 
moon Titan to be a diverse world, with geological features that 
are astonishingly similar to those found on our own world. With 
vast seas and lakes, sweeping dunes, and dendritic channels, the 
evidence is mounting that the landscape of Titan has been shaped 
by both fluvial and pluvial processes. However, there are stark 
differences between Earth and Titan, such as the temperatures and 
materials that shape their respective landscapes (Fig. 1). Unlike 
the vast temperature variability we experience on Earth, Titan has 
a surface temperature that has been hardly observed to vary from 
92 K (Cottini et al. 2012). Additionally, Earth’s surface is made 
up of minerals that are largely silicate or metal-based, with their 
structures and physical properties well established over the last 
century. This is in contrast to Titan, whose bulk density of 1.88 
g/cm3 (Jacobson et al. 2006) points to the surface and subsurface 
being composed of simple molecular materials such as water ice, 
ammonia, and organic materials such as hydrocarbons and nitriles 
accompanied by hydrocarbon liquids (Stevenson 1992). Addi-
tionally, accumulation and redistribution of molecular materials 
produced photochemically in the moon’s atmosphere also shape 
the surface we observe (Lorenz et al. 2008; Janssen et al. 2009).

Photochemical processes in Titan’s atmosphere are driven 
by solar radiation and energy from Saturn’s magnetosphere. 
These processes cause nitrogen and methane to dissociate into 
radicals and then recombine, generating organic molecules that 
range from simple (ethane, acetylene, and hydrogen cyanide) 
to complex (Cable et al. 2011; Carrasco et al. 2009; He and 
Smith 2014; Pernot et al. 2010; Sciamma-O’Brien et al. 2014). 
The more complex molecules formed by these processes would 
first form as haze layers in Titan’s atmosphere and continue to 
react and grow before being deposited on the surface. A range of 
photochemical models have been used to assess the molecular 

species and flux of these upon Titan’s surface (such as Lavvas et 
al. 2008; Krasnopolsky 2009, 2014; Cordier et al. 2009; Willacy 
et al. 2016), which are summarized in Table 1.

This information leads us to wonder, what are the molecular 
minerals that shape the surface of Titan? What crystal structures 
control the surface processes on this frozen world? This is not 
without precedent here on Earth, where the International Min-
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FigurE 1. Comparison of mineral processes on Earth with that 
of Titan. Although there is much that they have in common, such as 
“hydrological” cycling, the temperatures and dominant chemistry of 
the surface and subsurfaces of these planetary bodies are very different.
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