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Introduction: Titan is perhaps the most organic-

rich environment in the solar system, in terms of the 

diversity of organic molecules present at detectable 

concentrations and their segregation into well-defined 

deposits on the surface. This inventory of organics 

represents a reservoir of what may be intermediate ma-

terials in prebiotic synthesis – although attention in the 

past has focused on photochemical synthesis in the 

atmosphere, these materials may be processed further 

on the surface. Cassini data, and in particular observa-

tions by its Radar instrument,  permit an estimate of the 

inventory of these materials, at least to the extent that 

these organic deposits are recognizable morphological-

ly, specifically as dune fields and lakes and seas of 

liquid hydrocarbons [1], accounting for of order 

500,000 and 100,000 cubic kilometers of solid and 

liquid organics, respectively.  

Composition:  It was known early from Cassini ra-

dar radiometry [2] that the bulk dielectric constant of 

much of Titan’s surface is rather low, consistent with 

an organic-rich (and likely porous) composition [3].  

Mass spectrometer measurements [4] of the surface 

material made at  the Huygens landing site detected 

some methane and ethane, as well as CO2, cyanogen 

and a tentative detection of benzene. Interpretation of 

near-infrared spectroscopy measurements is challeng-

ing due to the absorption of much of the spectrum by 

the atmosphere, but ethane has been detected [5] at 

Ontario Lacus, a 240x70km lake in the deep south.  

The dunes have a distinct near-infrared signature [6] 

and may represent an ultimate sink for the high-

molecular-weight species such as anthracene and 

>1000amu molecules identified in Titan’s ionosphere 

[7]. 

Migration and Character: While the deposits in 

the dunes – which are tens-hundreds of km long, 1-2km 

wide and often 100-200m high -  are likely to reflect a 

long-term more-or-less static sink of material,  Titan’s 

lakes and seas may participate in both seasonal 

(~decade) and longer-term (~10-100 kyr)  pole-pole 

transport forced by the changing astronomical configu-

ration of the seasons, much like the Croll-Milankovich 

forcing of glacial cycles on Earth and Mars [8]. There 

is evidence that Ontario Lacus resembles a shallow 

playa lake, but comparison with terrestrial analogs and 

the fact that no radar return is observed from the center 

of large lakes suggests that the large northern seas are 

at least tens of meters deep, and likely many hundreds 

of meters deep. 

Unseen Deposits: The inventories discussed here 

are recognizable morphologically, as liquid lakes and 

dunes. Yet Titan’s surface as a whole has a low dielec-

tric constant, inconsistent with solid water ice. It may 

be that there is a substantial thickness or amount of 

amorphous organic material. A clue may be the appar-

ent dissolution of crustal material to form ~300m deep 

pits [9] like karstic lakes. Water ice is not expected to 

dissolve to a large extent in liquid hydrocarbons, so it 

is possible that much of the bulk crust is in fact not ice, 

but rather more soluble organic materials.  This materi-

al need not be limited by the amounts predicted in pho-

tochemical models – large amounts of material could 

have been produced by shock synthesis  

 

Future Prospects: While future Cassini data will 

likely improve knowledge of the horizontal extent and 

physical character of the surface deposits, a future orbi-

ter with a ground-penetrating radar might estimate the 

thickness of surface sediment layers and near-infrared 

spectroscopy (especially in the 5-6 micron region) from 

orbit or from an aerial platform (balloon or airplane) 

would help identify the surface constituents. However,  

determination of the detailed  composition will likely 

require in-situ chemical analysis (e.g. of the lake com-

position by the Titan Mare Explorer (TiME) proposed 

Discovery mission.) Such a lake lander can directly 

constrain the volume of the sea (nominally Ligeia) in 

which it lands, by measuring the depth with a sonar.   
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Figure 1.    Distribution of lakes (dark blue) at Titan’s north 

polar regions (left) and south polar regions (right), from [ ]. 

The T-shaped northern sea at 110o Longitude is Ligeia Mare 

; the larger but incompletely mapped sea is Kraken Mare.  In 

the south, the only significant lake is Ontario Lacus, at 180o 

Longitude.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A map [ ] of Titan’s dunes mapped with radar 

(white arrows, representing the average orientation in 2x2o 

lat-long bins of some ~15,000 individual dunes). The dunes 

correlate with low latitude dark regions, seen in the underly-

ing 0.94µm basemap form Cassini ISS data.  
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