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Titan flybys: 
T92, 10 Jul 2013 
T93, 26 Jul 2013 
T94, 12 Sep 2013 
T95, 14 Oct 2013 

 
T96, 1 Dec 2013 
T97, 1 Jan 2014 
T98, 2 Feb 2014 
T99, 6 Mar 2014 
T100, 7 Apr 2014 
T101, 17 May 2014 
T102, 18 Jun 2014 
T103, 20 Jul 2014 
T104, 21 Aug 2014 
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10 years of exploring Titan with Cassini 

!  Long-term, dedicated, complementary 
observations essential to understanding such a 
complex system… 

!  …to build up global views… 
!  North pole in winter darkness when Cassini arrived 
!  RADAR SAR swaths now cover >40% 
!  Global ISS, VIMS, RADAR radiom./scatterometry 

!  …& witness temporal variability (~1/3 Titan yr) 
!  Changes in weather patterns 
!  Changes in haze distribution (altitude, hemisphere) 
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From Cassini’s 1st anniversary CHARM telecon, June 2005! 
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From Cassini’s 1st anniversary CHARM telecon, June 2005! 

!   Returned to Voyager  
level around equinox 

!   Weather has 
changed but 
storms have yet to 
pick up at northern 
latitudes 
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From Cassini’s 1st anniversary CHARM telecon, June 2005! 
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From Cassini’s 1st anniversary CHARM telecon, June 2005! 

!   Surface 
liquids 
confirmed 
at high 
latitudes in 
July 2006 

!   Still only 8 named impact 
structures (40-400 km); 
~50 candidates 

!   Surface 
liquids 
confirmed 
at high 
latitudes in 
July 2006 

!   Vast expanses of 
dunes at low 
latitudes 

!   Tectonic and 
cryovolcanic 
features identified 



CIRS identifies 
propylene in Titan’s 
lower atmosphere 
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The Astrophysical Journal Letters, 776:L14 (6pp), 2013 October 10 Nixon et al.

Figure 1. Small hydrocarbon molecules. Note that the two isomers of C3H6 (cyclopropane and propene), along with CH2CCH2 (allene), have not previously been
detected in Titan’s stratosphere.

Table 1
Retrieved Abundances for C3Hx and C2Hx Hydrocarbons at Five Altitudes

Alt. Press. Nspec q(C2H2) q(C2H4) q(C2H6) q(C3H4) q(C3H6) q(C3H8)
(km) (mbar) (ppmv)a (ppmv)a (ppmv)a (ppbv)b (ppbv)b (ppbv)b

125 4.64 356 1.83 ± 0.10 0.23 ± 0.05 6.2 ± 1.2 7.8 ± 1.6 2.0 ± 0.8 621 ± 133
150 2.41 443 2.15 ± 0.09 0.16 ± 0.03 7.6 ± 1.3 9.7 ± 1.8 2.6 ± 0.8 619 ± 122
175 1.31 561 2.71 ± 0.11 0.11 ± 0.02 9.5 ± 1.6 11.0 ± 1.9 4.6 ± 1.2 846 ± 158
200 0.74 570 2.96 ± 0.13 0.06 ± 0.01 12.3 ± 2.0 9.4 ± 1.7 4.6 ± 1.5 872 ± 171
225 0.42 570 2.88 ± 0.13 0.04 ± 0.01 8.9 ± 1.9 9.5 ± 2.1 2.6 ± 1.6 757 ± 171

Notes.
a ppmv = parts per million by volume.
b ppbv = parts per billion by volume.

with 50 km bin width, ensuring Nyquist sampling of vertical
information. After consideration of the available observations,
we restricted the latitudes to 30◦S–10◦N, at times from 2004
July 1 to 2010 July 1. These ranges were selected as a
compromise between homogeneity within the sample (low
latitudes show the least seasonal variation; Teanby et al. 2010;
Bampasidis et al. 2012), while allowing for a large enough set to
have high signal-to-noise ratio (S/N). The numbers of spectra
in each altitude bin—centered on five altitudes 125, 150, 175,
200, 225 km—are given in Table 1.

2.2. Radiative Modeling and Inversion

The modeling proceeded in two steps: first, the FP4 spec-
tra were analyzed to obtain ambient temperature information at
each altitude, by modeling the methane ν4 band at 1305 cm−1.
The methane vertical profile was taken from measurements
by the Huygens GCMS (Niemann et al. 2010; 0–140 km),
and assumed constant at 1.48% ± 0.09% above 140 km
throughout the stratosphere and mesosphere as expected from
photochemical models (Wilson & Atreya 2004). Then, the

temperature profile was fixed, and the FP3 spectral region was
modeled to obtain abundances of multiple hydrocarbon species
(C2H2, C2H4, C2H6, CH3C2H, and C3H8) previously identified
in Titan’s stratosphere.

The spectral modeling and fitting used the NEMESIS com-
puter code (Irwin et al. 2008), that has previously been widely
utilized to model outer planet infrared spectra, including Ti-
tan (e.g., de Kok et al. 2007a, 2007b; Teanby et al. 2007,
2009; Nixon et al. 2009a, 2009b, 2010, 2012; Cottini et al.
2012). Details can be found in these publications; only a brief
overview of the modeling is given here, emphasizing changes
to previous work. The spectral lines for each gas were derived
mainly from the HITRAN (CH4; Rothman et al. 2009) and
GEISA atlases (C2H2, C2H4, C2H6; Jacquinet-Husson et al.
2011). The exceptions were CH3C2H, which used an unpub-
lished line list maintained at Paris Observatory (see Vinatier
et al. 2007, for description), and propane, which used a new
pseudo-line list model compiled at the Jet Propulsion Labo-
ratory (JPL; Sung et al. 2013). This new list enabled us to
fit for the first time several propane bands not included in

2

Nixon et al., 2013 

Nixon et al. (2013): 
!   Thermal infrared spectra of 

Titan’s stratosphere reveal 
propylene (or propene), 
the chemical that forms the 
plastic polypropylene 
(recycling code #5), at 
100-200 km altitude 

ISS, 3 Nov 2013 
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VIMS and ISS capture best near-IR views of 
Titan’s lake district and seas 

VIMS, 12 Sept. 2013 

!   VIMS near-infrared 
spectral imaging 
(1-5 µm) of Titan’s 
north polar region 
(false-color) 

!   Lakes and seas 
are liquid methane 
and ethane 

!   Areas that appear 
orange might be 
evaporite deposits, 
Titan’s organic 
equivalent of salt 
flats on Earth 



ISS, 12 Sept. 2013 
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VIMS and ISS capture best near-IR views of 
Titan’s lake district and seas 

ISS, 10 July 2013 

ISS images (938 nm) reveal 
bright surface material 
surrounding the north pole, 
perhaps related to 
concentration of lakes in this 
region (Turtle et al., 2013) 



RADAR map of 
Titan’s north pole 
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Links to RADAR map & flyover movie 

! http://photojournal.jpl.nasa.gov/catalog/PIA17655 

! http://photojournal.jpl.nasa.gov/catalog/PIA17656 

! http://saturn.jpl.nasa.gov/video/videodetails/?videoID=271 

! http://photojournal.jpl.nasa.gov/archive/PIA17656anno-640.mov 

! http://photojournal.jpl.nasa.gov/archive/PIA17656-640.mov 
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Continuing development of south polar 
cloud as southern winter progresses 

West et al. (2013): 
!  Formed 

 late 2011 to 
 early 2012 

!  ~300 km altitude 
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ISS, 13 July 2013 



Cassini gravity and topography data 
constrain Titan’s ice shell and interior ocean 
Mitri et al. (2014): 
!   Dense, likely salty, 

ocean 
!   Rigid ice shell 

~50-100 km thick 
 
!   Topographic 

variations due to 
tectonic structures 
and freezing at base 

!   Any methane 
outgassing must be 
localized 
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Clouds over Ligeia Mare 

!   Cassini ISS followed evolution of clouds over 
Ligeia Mare for ~2 days, 20-22 July 2014 
(after T103 flyby) 

!   Wind speeds ~3-4.5 m/s (7-10 mph) 
!   Start of northern summer storms?? 
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+32	
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+39	
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+44	
  hr	
  

! http://photojournal.jpl.nasa.gov/catalog/PIA18420 
! http://saturn.jpl.nasa.gov/news/newsreleases/newsrelease20140812/ 



Event, Date Time in Titan’s year 
Voyager 1 flyby, Nov. 1980 29 March 
Voyager 2 Flyby, Aug. 1981 8 April 

Cassini SOI, 2 July 2004 Mid-January 
Dissipation of high-altitude north-polar ethane cloud 

(VIMS), 2008-2009 Late N. winter 

11 Aug 2009 N. vernal equinox 
Decrease in altitude of detached haze (ISS), 2009-2010 Early N. spring 

Low-latitude storm (ISS), Sept.-Oct. 2010 Early April 
Rapid changes in south polar upper atmospheric 
temperatures and composition (CIRS), 2010-2011 N. spring 

South polar vortex (ISS, VIMS), 2011/2012… Late April 
26 August 2014 Mid-May 

Development of northern clouds (model predictions) Spring? Summer?? 
May 2017 N. summer solstice 

Seasonal changes - waiting for N summer storms… 
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!   Huygens: first landing on a moon in the outer solar system 
!   Titan revealed as an Earth-like world with rain, rivers, lakes & 

seas; wind & dunes; tectonic, cryovolcanic, & impact structures 
!   Complex prebiotic chemistry and discovery of subsurface ocean 
26 August 2014 CHARM: Cassini's 10th Anniversary -- Titan! 18 



26 August 2014 CHARM: Cassini's 10th Anniversary -- Titan! 19 



26 August 2014 CHARM: Cassini's 10th Anniversary -- Titan! 20 
1 Jan 2014 


