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Titan: a world of high interest for planetology and astrobiology studies
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Titan North from Ta Flyby Resolution 1.7 cm™
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Titan Equatorial Spectrum
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MODELLING OF THE INFRARED SPECTRUM
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Ground-based data on Titan molecules

lecule date Is bud. altitude latitude instrument reference
CoHp | 10January 19 i‘;;‘; 27 December 194, 200, 206 5,50E-06 stratosphere iso 26

24 september 1999, 18 october W.M. Keck | 10-meter telescope, Long

229, 243,272 7,50E-06 th 60S 15
2000, 22 february 2002 sou Wavelength Spectrometer
C2H4 10 January, 19 June, 27 December
v ! 194, 200, 206 1,20E-07 stratosphere iso 26
1997
‘ CaH2 ‘ 10 January, 19 i‘;;‘; 27 December 194, 200, 206 2,00E-09 ’ stratosphere | ‘ iso ’ 26 ‘
3,00E-06 W 15N-405 8.2-meter National Astronomical Observatory of
18 december 2003 286 9,00E-06 stratosphere E 5N-50S Japan Subaru telescope on Mauna Kea, Hawaii 16
8,00E-06 WE&E P P '
august 1993 153 (152,98-153,93) 1,96E-05 center
5,80E-06 west
1,17E-05 east
C2H6 october 1995 179 (178,45-179,44) 1.36E-05 stratosphere west IRTF 18
september 1996 190 (189,64-190,65) 1,606-05 east
5,20E-06 west
average 153-191 8,80E-06
10 January, 19 June, 27 December 194, 200, 206 2,00E-05 stratosphere iso 26
1997
13,14,20 december 2002 6,20E-07 90-250 km texes/ IRTF 19
C3H8 | 10January, 19 i‘;;‘; 27 December 194, 200, 206 2,00E-07 stratosphere iso 26
21,22,24 may 1995 174 3,50E-07 >200 km IRAM 30-m telescope 25
10January, 19 i:;; 27 December 194, 200, 206 3,00€E-07 stratosphere iso 26
HCN
7-8 september 1986, 5-6 may 1987 76, 84 5,20E-06 300 km IRAM 30-m telescope 24
april 1996 - december 1999 185-232 4,00E-07 stratosphere IRAM 30-m radio telescope at Pico Veleta 21
15-17 may 1992 139 >1,0*10-7 IRAM 30-m radio telescope at Pico Veleta 30
25-27 december 1992 146 >1,0*10-7 IRAM 30-m radio telescope at Pico Veleta 30
HC3N april 1996 - december 1999 185-232 4,00E-08 stratosphere IRAM 30-m radio telescope at Pico Veleta 21
10J 19 June, 27 D¢ by
anuary, 13 -une, 2/ Lecember 194, 200, 206 5,00E-10 stratosphere iso 2
1997
10J 19 June, 27 D¢ by
‘ C3H4 ‘ anuary, 19 1';2; ecember 194, 200, 206 ‘ 1,20€-08 I stratosphere | I iso I 2 ‘
‘ co2 ‘ 10January, 19 i‘;g‘; 27 December 194, 200, 206 ‘ 2,00E-08 I stratosphere | I iso I 26 ‘
‘ C6H6 ‘ 10January, 19 i:;‘; 27 December 194, 200, 206 ‘ 4,00E-10 I stratosphere | I iso I 26 ‘
15 roe 2004 (icarus)
16 kostiuk 2005 (grl)
18 livengood 2002 (icarus)
19 roe 2003 (aj)
21 marten 2002 (icarus)
24 tanguy 1990 (icarus) AK
25 hidayat 1997 (icarus)
26 coustenis 2003

30 bezard 1992
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Gas

Major components
Nitrogen
Methane

Monodeuterated
methane
Hydrogen
Argon

Hydrocarbons
Ethane
Acetylene
Monodeuterated
acetylene
Propane
Ethylene
Methylacetylene
Diacetylene
Benzene

Nitriles
Hydrogen cyanide
Cyanoacetylene
Cyanogen
Dicyanogen
Acetonitrile

Oxygen compounds
Water vapor
Carbon dioxide
Carbon monoxide

Isotopic ratios
Bele
"“N/"*N in HCN
In N2
D/H in CH3;D
in HD
in C2HD

N>
CH4

CH;D

H,
36Ar
40Ar

C,Hs
CH,
C,HD

CsHg
C,Hy
Cs;Hy
CsH,
CsHe

HCN
HC3N
CoNy
C4N,
CH;CN

H,O
CO,
CO

Mole fraction

0.97
1.4-1.8x107
4.9 %107
8x10°

0.0011
2.8x107
432x107

Equator North Pole

1.7x107
4.0x10®

1.3x107
3.7x10°®
2x10”

8.0x107
1.1x107
1.2x10°
4.2x107
1.1x10”°

6.0x107
1.6x107
6.4x107
1.3x107
3.0x107"°

5.5x107
2.2x107°
9x107'°

1.3x107
3.0x10"°
5%1071°

1.5x10”

8x10”
1.5x10®
(2-4) x107
(3-6)x10”

1.9x10°8

82.3+1
67
18345
1.3x10™
2.3x10™
1.7x10™

Comments-Ref.

Inferred indirectly
Stratosphere (1,2)
Surface (2,3)

4)

®)
2
2

“)
“)

“)
“)
“)
“)
“)

(4.6)
“
(6)
Solid form only (7)
®)

(9) at 400 km
“)
Troposphere (10,11)
Stratosphere (1,12)

)
(11)
2
“)
@
C))

. Flasar et al. (2005) from Cassini/CIRS  data

2. Niemann et al. 2005 from Huygens/GCMS  data

3. T omasko et al. (2005) from Huygens/DISR data

4. Coustenis et al. (2007) from Cassini/CIRS data

5. Samuelson ef al. (1997a) from VI/IRIS data

6. T eanby et al. (2006) from Cassini/CIRS data

7. Samuelson ef al. (1997b) from VI/IRIS data

§. Bézard et al. (1993) from disk-averaged ground-based heterodyne mm observations
9. Coustenis ef al. (1998) from ISO/SWS data

10. Lellouch et al. (2003) from ground-based VLT data at 5 micron

11. Marten et al. (2002) from disk-averaged ground-based heterodyne mm observations
12. Gurwell and Muhleman (2000) from disk-averaged mm heterodyne data

From Vuitton, Waite, et al. INMS

Ionospheric species Neutral mole fractions
detected by INMS
H, 4x107
CH,4 3x 107
C,H, 3x107*
C2H4 6x 107
CoHg 1x107
C.H, 6x 107
HCN 2x10*
HC;N 2x 107
CH;CN 1x107°
C,H;CN 1x107
C,HsCN 5% 107
NH; 7x10°
CH,NH <1x10°

Coustenis & Taylor
2008 (WSP)




therrnal infrared region (10-1500 crn )
Since July 2, 2004 : TB-
T62 flybys
FP3 and FP4 spectra
high resolution apodized

(0.53 cm™) or medium
resolution (2.5 cm)
Covering Titan’s disk
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Radiance (W.cm™.sr™'/cm™)
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Volume mixing ratio
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Small increase for: C2H2, C2H6
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The enhancement at the

Cassini CIRS (2004-5). [Vorth pole during Cassini is

Coustenis et al. (2007) a factor of 1.5-5 smaller than
(N. winter)

at the time of the Voyager
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Voyager IRIS (1980):
Coustenis & Bézard (1995)
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Temporal variations at 50°S

Abundance variation wrt V1/IRIS
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Abundance variations wrt V1/IRIS

Temporal variations
at equator
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egmporalvariations from limb data at 70°N
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Some organics, as yet unobserved on Titan in the thermal IR, but potentially observable with
CIRS and their deduced upper limits in Titan’s atmosphere from previous observations.

Upper limit of mean mixing

Strongest signatures ratio in Titan’s stratosphere
Frequency Band strength at using Voyager using ISO disk-
Studied compounds (em™h) 300K (ecm~2 atm™) IRIS spectra average data
ORGANICS [
CH,CCH; 356 65 5x 107% 2 x 107
845 407
THAT REMAIN ™ 7 10
CeH> 622 428 44 x107'™
TO B E S E E N CsH, 621.5 496 4 %1010
Nitriles
CH;CN 362! 44
CH,CHCN 230 10 8.4 x 1078 <5 x 10-10b
954 100
CH;CH,;CN 207 15 25 x 1077 <1 x 107100
"Coustenis et al. (1993). 1073 37
bCOIlStﬂll& etal. (m) CH;3;CH,CH,>CN 728/742 35 5x 1077
“Shindo et al. (200“). (CH3),CHCN 538 33 2x 1077
dShindo et al. (2003). ACN 726 19 1.5 x 1077
*Shindo et al. (2001b). 818 34
[Nishio et al. (1995). CH;CCCN 338 100 1.0 x 108
eKhlifi etal. (1999). 499 91
BCerceau et al. (1985). CH3;CHCHCN 728 230 25 x 1077 < 5x 10710
iKhlifi et al. (1997). CH,CHCH,CN 557 64 4% 107 <5 x 10710
iShindo (2002). 942 110
KKhlifi et al. (1996). CH>C(CH3)CN 535 33 7.5 x 10-50 <5x10-10
Feature not yet observed. CH3CN detected in millimeter 928 130
Marten et al., 2002). CiN> 614 34.4 56 x 107°%
NCCHCHCN (trans) 947 178 1 x 1074
Other N organics
CH;NC 526 8.8 1.3 x 107%
CH1N, 419 144 5.0 x 107%
CH;3N; 250 9 5.4 x 107%




chifor new species from large averages

=N Quantifystemporal variations of gases and
tcondensatesiin litan’s atmosphere
= At all'other latitudesiand medium resolution
=i[ncluding other (ground-based, etc) data
= Refine vertical distributions

= Set'constraints on seasonal models by accurately
determining the changes in the volatile content
and the thermal structure as a function of altitude

= In good time ... GO BACK!
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Variations of Titan’s surface :
morphotectonics, composition and
variations




Titan: Properties

Mean distance from the Sun
10 AU

Temperature  Gravity
95K 1.352 m/s?

Composition

Atmosphere: 98.4% N,
1.6% CH,

Surface:  H,O ice?
CH,?

TITAN = 2/5 Earth’s size

TITAN Core Mantle Crust

2,576km 1,875km  610km 90km

NH,?

Solomonidou et al., 2010




Titan: Surface features

(@) Liquid lakes

(b) Drainage channels

(c) Sand dunes

(d) Impact crater




Titan: Morphotectonic features: Mountains-Ridges-Hills

Mountainous regions:
The elevated morphotectonic-like
features on Titan, such as
mountains, ridges, hills and
ranges, indicate a formation
preference around the equatorial
zone of the moon.

w%édeb'augh etal.; 2007




Titan: Cryovolcanic candidates
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Titan: Data: Tui Regio - Hotei Regio - Sotra Facula

VIMS/T12/ [ui Regio

Mar18 /2006 RADAR/T48/December 5,

2008

Incidence angle: 28 deg
Emission angle: 45 deg
Pixel scale: 17km/ pixel

RADAR/T41/February 22, 2008

Hotei Regio

Incidence angle: 75 deg
Emission angle: 10 deg
Pixel scale: 13km/ pixel

Sotra Facula




Titan: Terrestrial Analogues :

Tui Regio - Carrizozo lava flow




Titan: Terrestrial Analogues :

Hotei Regio - Harrat Khaybar

L ; (i
* Jabal al Qidr " & ff‘,ﬁ[ L
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Shield Volcano?

Magma Chamber




= NEW
TRANSFER
ANALYZE
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From comet impacts (Kress and McKay,
2004)

Recent deposits of CO, (Barnes et al., 2005)

Ground-based & VIMS spectroscopic
evidence (Negrao et al., 2006; Griffith et
al., 2003; Coustenis et al., 2006; McCord
et al., 2006; 2008).
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Volcanic modeling
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Tui Regio, Hotei Regio and Sotra Facula are
located in the 15°S - 30°S latitude zone =>
Characteristic of active regions that overlay a
zone of crustal weakness

Presence of flows =» Both possibly exhibit
volcanic structures

Comparable sizes - massive structures =»
Resembling terrestrial Super-volcanoes

Both display higher 5-pm reflectivity than any
other region on Titan = Component of which
chemical composition distinct than in other
regions =@ Possible cryovolcanic deposit

Please see poster No S1-17 by Solomonidou et al.




Conclusions/perspectives for the surface

‘Several Cassini-Huygens mission measurements suggest that some
of the Saturnian satellites are geologically active and may support
tectonic processes.

*Titan, in particular, possesses a complex and dynamic geology as
witnessed by its varied surface modified by aeolian, fluvial, and
possibly tectonic and endogenous cryovolcanic processes.

*The Synthetic Aperture Radar (SAR) instrument on oard Cassini
spacecraft indicates the possibility for morphotectonic features on
Titan's surface such as mountains, ridges, faults and canyons whose
formation mechanisms are still unclear since later processes, may
have re-shaped or partially covered them.

* Due to the limitations of Cassini-Huygens in the acquisition of in
situ geo-tectonic measurements or samples and the lack of high
spatial resolution imaging, we do not know with enough precision
Titan’s morphology and topography.

‘Nevertheless, the hypothesis that contractional tectonism - followed
by surface and/or atmospheric modifications - has formed the
observed features is a probable one
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