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Overview of Key Processes on Titan 



• Four worlds with 
atmospheres that 
support exploration by 
balloon and parachute

• “Complete” worlds 
whose interior, 
surface, atmosphere 
couple through volatile 
cyclling



Titan as an object is of keen 

 
interest for virtually all areas of planetary science



Titan’s organic cycle



Titan’s greenhouse climate



Titan’s intriguing unknowns



The methane cycle and its source
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Titan’s rapid methane loss models the inevitable long-term loss of Earth’s 
water as the solar constant increases over time

Lunine and Atreya, 2008



Interaction of the interior and the surface

• Low 36Ar/N2

 

: Nitrogen came from ammonia.

• Enceladus: Ammonia is resident in Saturnian

 
satellites (2008). 

• 40Ar: Titan outgasses

 
over time.

– Ammonia is key for "cryo" volcanism

– Impact or cryovolcanic

 

melting of the crust exposes organics to liquid 

 water interesting prebiotic

 

chemistry

– Some products of this chemistry will end up in Titan’s lakes and seas

Neish et al., 2009



Artemieva and 
Lunine, 2005

Impact craters exist, though many have been 
erased or buried. (Wood et al., in press). 



Schaller et al 2009: 
Convective cloud 
outburst near the 
equator, powerful 
enough to trigger 
waves that initiated a 
southern secondary 
cloud formation.

Hueso & 
;Sànchez- 
Lavega 
2006: 
Methane 
convective 
storm 
models

Is the methane 
resupplied from 
the subsurface?



Lunine and Awal, 1997.
Moist-entraining plume model of methane convective cloud

Therefore the cloud outburst is 
circumstantial evidence for 
emission of methane and/or 
heated air from the surface in 
the outburst source region. 
(Schaller et al.,  Nature, 2009).  



Measurements beyond Cassini
a. Mass resolution and range
b. Spatial resolution and range
c. Temporal resolution and range
d. Altitude resolution and range



Cassini INMS spectra (PI Hunter Waite) 
(Figure by S. Hörst and R. Yelle)



Figure prepared by S. 
Hörst from lab data of 
Szopa et al 2006.  

Tholin synthesis in lab 

 
much higher molecular 
weight compounds

a. Mass resolution and range for the organics



Negative (top) and positive 
ion (bottom panel) data for 
Titan’s upper atmosphere 
from Cassini CAPS 
confirm existence of 
heavier species but does 
not have the resolution to 
identify them. 

CAPS data plotted by  S. 
Hörst.

INMS

CAPS



Measured plume composition displayed schematically. 
Waite et al., 2009

The plumes of Enceladus have a rich organic inventory that almost certainly 
goes beyond the INMS mass range



The search for self‐organizing (autocatalytic) 
 chemistry on Titan’s surface or in the Enceladus
 plume also requires a much greater mass range 
 than INMS/GCMS 

Davies et al., 2009



Brown et al. 2008 VIMS

Lake/sea compositions/conditions require direct sampling

ISS Team, Ontario Lacus

λ, mi crons



Cassini ISS 
resolution 3 
km

b. Spatial 
resolution 
and range



Cassini RADAR resolution 0.5 km



Titan’s surface
Huygens flyover area at 50 meters resolution



Titan’s surface
Fluvial features N of landing site at 10 meters resolution



Titan’s surface
Huygens landing site at centimeter resolution





c. Temporal 
resolution and 
range: i. Cassini 
was elsewhere in 
the Saturn system 
during almost the 
entire outburst 
episode. 

Schaller et al. 2009



c. Temporal resolution and range. ii: TSSM launched in 2020 

 meshes very well with Cassini in terms of seasonal coverage



d.Altitude range: Thermosphere and ionosphere: not accessible to Cassini-Huygens



TSSM



Kim Reh: JPL Study Lead Christian Erd: ESA Study Lead

Pat Beauchamp, Nathan Strange, Tom Spilker, John Elliot,… (JPL)…
Mark Perry, Michael Paul…(APL 
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Baseline mission architectureBaseline mission architecture
Combining
●An orbiter (Titan+Enceladus)
●A hot-air balloon/montgolfière 
on Titan and one North-pole 
lake-landing probe

A short-lived 
Probe/Lander with liquid 
surface package would 
land in a northern sea

A hot-air balloon (Titan Montgolfière) would 
float at 10 km above the surface around the 
equator with some altitude control

Dedicated Titan orbiter would be 
used also for relay after several 
Enceladus flybys



TSSM Phases (assumes 2020 launch)







TSSM orbiter maps well to decadal objectives

39

Decadal Survey p. 138 Cassini TSSM

What are the chemistry, distribution and 
cycling of organic materials on 
Titan?

Methane/ethane sensed at Huygens site; high 
altitude polymers; lakes, fluvial

High molecular weight mass spectroscopy; 
hi-res imaging at 5 µm; near-IR 
spectra

Is Titan internally active, producing 
water-rich environments with 
potential habitability?

Spin rate evidence for ocean; radar images of 
cryovolcanic features; near-IR spectra 
of carbon dioxide patches

Accelerometry-enhanced gravity; hi-res 
surface imaging; surface temperature 
monitoring in thermal IR; 5–6 µm 
spectra

What are the current state and the 
history of Titan’s surface?

Radar and VIMS show dearth of craters; 
fluvial transport at Huygens site

High resolution imaging; radar altimetry and 
sounding; near-IR spectra

What drives the meteorology of Titan? Huygens wind and CIRS temperature data 
provide crude basis for GCM

Sub-millimeter wind/thermal mapping; IR 
mapping; near-IR cloud sounding

Has there been climate change on Titan? Fluvial erosion at desert Huygens site; 
extensive dunes; missing ethane

High resolution imaging; radar sounding; 
near-IR spectra

Could Titan support life forms that do not 
require liquid water?

High latitude lakes found, as well as 
environments where active fluvial flow 
may occur, and cryovolcanism

Hi-res spectra over 5–6 µm; repeat surface 
coverage; high molecular weight 
sampling of upper atmosphere 
organics



“The Titan mission would also offer technological firsts, including 
the floating lander and that undeniably romantic hot air balloon.” 
Nature editorial 22/1/09. 



Ground-penetrating radar on Enceladus

Schubert et al 2007. Superposed arrow 
indicates maximum radar penetration depth  

Plume reservoirs should be 
accessible via the ground- 
penetrating radar.

(Verification using detailed 
models to be done). 

(SWRI)



Waite et al., 2009



Waite et al., 2009
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