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® RADAR mapper, 2.2 cm
® Synthetic aperture radar (SAR)

o Altimetry

® Scatterometry
® Radiometry

1126, 22 April 2017
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Early flybys

E.P. Turtle, Cassini Science Symposium, August 2018, Boulder CO 15 August 2018 ||



TA, 26 Oct. 2004

Early flybys

TO, 2 July 2004

s

i

e

TA, 26 Oct. 2004

@ E.P. Turtle, Cassini Science Symposium, August 2018, Boulder CO



TA, 26 Oct. 2004

Early flybys

TA, 26 Oct. 2004

@ E.P. Turtle, Cassini Science Symposium, August 2018, Boulder CO




14 January 2005
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Cassini Titan observations document seasonal changes

over almost half a year (Saturn’s axial tilt 26.7°)
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® Makes use of all ~20,000 ISS images at 938 nm (~100 images / km?)
® Improves signal-to-noise ratio by factor of 4-5 along with effective resolution
® Albedos calibrated to Huygens DISR range from 0.25 (dunes) to 0.9 (Hotei Arcus)




VIMS compositional mapping
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® E.g., Soderblom et al. 2007, Barnes et al. 2007, MacKenzie et al. 2014
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VIMS global-scale
hyperspectral map

Le Mouélic et al.
Cassini Science
Symposium and
manuscript in review

® Representative colors
highlighting dunes
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Radar surface properties

® Janssen et al. 2016
® Effective dielectric constant —

® Scattering ~

® Emissivity l
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Titan as a system

> o_r?gan‘i—t:»r—_'ri ch atmosphere
& - and surface

~ de-coupled outer shell -
(water-ice/ 'c;laihrate_)

' gIébaI;Subsg‘rfa—ce ocean —
~ high-pressure ice VI shell ~

~ hydrous silicate core 7
' -~ ~2000 km radius
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Equatorial organic sand dunes
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Equatorial organic sand dunes

® | ongitudinal dunes 1-2 km wide, >100 km long, 80-130 m high, spaced 1- -
4 km apart (Lorenz et al. 2006, Radebaugh et al. 2008, Neish et al. 2010) ..

® Youngest features at the scale of mapping (100s m to few km B

-

Composition(s) of and source(s) sand particles
What prevents dunes from forming on Xanadu

Implications of damp surface detected by Huygens Probe at ~10°S latitude




Xanadu
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—Xanadu

,_0 Brlght reglon'ldentlfled by HST observatlons

- '@ Complex terrain cut by river channels with Titan's oldest population of
@ craters

i =0 Varied topography, not a distinct topographic high
+= R .‘70 Former lakebeds and possible cryovolcanic features
“* e Unknowns

e Formation of Xanadu as a distinct geologic feature
® Composition(s) of bright organic material

® \What prevents dunes from forming on Xanadu
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Impact craters
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_0 Modlflcatlon processes 9 young crater retentlon age ~200 Myr — 1 Gyr
- . (Wood et al. 2010; Neish and Lorenz 2012)
@ Shallow compared to craters on similarly sized Ganymede with significant
- modification, especially by aeolian infill and fluvial erosion (Neish et al.
2013) as well as chemical weathering-(Neish-et-al.-2015) and viscous
relaxation (Schurmeier and Dombard 2018)s

-~ ® Non-uniform crater population: higher number in Xanadu and very few at
high latitudes, suggestive of formation in wetlands or shallow sea where
crater topography isn't maintained (Neish and Lorenz 2014)

® Unknowns

® Degree to which water-ice crust has been excavated at craters
e History of modification processes
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Tectonics
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Tectonics

e Mithrim Montes
: . (~10,900 ft)




Tectonics |

® Rugged mountaln rldg'es rﬁbdlfled by erosion
® Topography ~1-2 km
'® Local organization and global E-W trend (Liu et al. 2016)

o Observations consistent with formation by contraction (Liu et al. 2016;
™ Mitri et al. 2010)

‘ " 4 ® Structural control of channel networks (Burr et al. 2013)

e Unknowns

® Degree of endogenic tectonic activity, relative rates of tectonic and erosional
processes
® | arger-scale organized tectonic activity

E.P. Turtle, Cassini Science




Channels
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® Found at all latitudes, icluding rideétorial region indicating variation
iIn weather on seasonal or longer timescales (Turtle et al. 2011)

~+.= ® Implications for sediment transport (Burr-et al. 2010)

L&

‘® Unknowns
® Resolution of observations limits understanding of modification rates
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Blandlands
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Blandlands
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Blandlands

90°0'0"~ |

» Undifferentiated plains found preferentially at mid-latitudes

® Formed by depositional and sedimentary processes (Lopes et al. 2016;
Malaska et al. 2016) transporting material from higher and lower latitudes ¢

' ® Unknowns
® Composition, history, volume of material
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Lakes and seas

-
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Lakes and seas
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Lakes and seas

E.P. Turtle, Cassini Science Symposium, August 2018, Boulder CO

Normalized power (dB)

o
e

T #3

Ligeia Mare Kraken Mare Punga Mare Ontario Lacus
0 0 0 0
— 5]
ol 104 = . —~
10 g 0 g 10 % ~10+
= \. 5 =15
—20 - O 20 20 o
20 g 0 i % 20 i 2 ] i
-30 i o 30 o ~30 5 2]
s 3 2 s
_40 T 40+ © 40+ T g5
£ £ £ -35
-50 2 50 t 2 501 27
—45 -1
-60 -60 | -60 -50 -

T T T T T T T
—200 -150 -100 -50 0 50 100 150 200
Liquid depth (m)

T T T T T T
—200 -150 100 -50 0 50 100 150 200
Liquid depth (m)

T T T T T T T
-200 -150 -100 -50 0 50 100 150 200
Liquid depth (m)

T T T T T T
—200 -150 =100 -50 O 50 100 150 200

Liquid depth (m)

15 August 2018




Lakes and seas

April 26, 2007

E.P. Turtle, Cassini Science Symposium, August 2018, Boulder CO 15 August 2018



Lakes and seas

® Found at high latitudes, substantially more at northern latitudes

® Large seas with inundated shorelines at north pole, paleobasins at south =
pole (Birch et al. 2018)

® Transient features likely caused by waves, bubbles, or floating/suspended*
solid material (Hofgartner et al. 2014, 2017)

¥ ® Smaller lakes with steep, raised, "cookie-cutter” rims (Birch et al. 2018)
“ ® Sub-surface hydrologic connections (Hayes et al. 2017)

C Evaporite deposits (MacKenzie et al. 2014)
® Depths on the order of 100 m (Mastrogiuseppe et al. 2014, 2018)

® Unknowns

® Migration of liquids from pole to pole (Aharonson et al. 2012) and timescale of
structural modification of surface
® | ake formation process and implications for the solubility of the surface
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Cryovolcanism
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ovolcani sSMm Sotra Patera, 1.7 km deep
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- e . = B _
__ ® Combination of features at Doom Mons and Sotra Patera strongly
suggestive of cryovolcanic origin (Lopes et al. 2013)

l:m ® Possible flow-like features at Tui and Hotei, temporal variations
40 (Solomonidou et al. 2016)

sso__® Unknowns
. o Degree of resupply of methane from interior (Tobie et al. 2014)

® Challenge of distinguishing between hydrologic and cryovolcanic processes (Moore
and Pappalardo 2011)

o) 15 August 2018 ||
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Methane Cycle and subsurface reservoirs

s Stratosphere

H ayes et al ] 201 8 Methane is destroyed via photolysis in 10’—108 yr

()

Solid products Liquid products
gy _ (e.g.acetylene)” (e.g. ethane) '“‘ 7

~ - _—_— - -

Troposphere e e =T S~ _ - - -
Surface liquid reservoir (~70,000 km?) cycles between poles over 10*-10° yr timescales

Seasonal pole-to-pole transport
(net northward transport of 10° km® of methane per Titan year)

Equatorial precipitation around equinox
(<1 storm per season)

Summer precipitation Episodic Summer precipitation
at polar latitudes outgassing at mid-latitudes
(10-100 storms (1-10 storms

per season) T per season)

L1 Methane outgassing
/ via clathrate substitution
A

Equatorial dunes Fluvial dissection
and deposits

Northern lakes

- Southern palaeoseas
and seas

and lakes

Cryovolcanism? Water ice crust

Subsurface methane/ethane
reservoirs?

Global water ocean

Crustal clathrate hydrate
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Methane Cycle and subsurface reservoirs
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Cassini observations (2004-2017)

VIMS Tropospheric clouds
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Methane Cycle and subsurface reservoirs

South-polar summer convective _ Low-Iat’ituae equinoctial Mid-northern latitude streak clouds,
cells, July 2004 clouds, Sept-Oct 2010 May 2017

\

|

Mid-southern latitude streak
clouds, December 2009
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Methane Cycle and subsurface reservoirs

6 OCt 2004 6 June 2005 6 Feb 2009 Cassini observations (2004-2017)
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Clouds and rainfall at low-latitudes at equinox (Turtle et al. 2011)
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Methane Cycle and subsurface reservoirs
® Atmosphéric Eﬁ‘l‘lat‘i) ') with an
unlimited global reservoir predict zonal

mean precipitation patterns that move
from pole to pole, overestimating low-
latitude activity particularly around

i equinox and north-polar clouds and
. precipitation in northern summer

)

Q
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Precipitation (mm d~?%)

® Polar wetlands model — dry lower
8 latitudes and subsurface reservoirs at &
both poles — better matches observed =
cloud locations and timing as well as
sporadic nature or activity

(Faulk et al. 2017; Turtle et al. 2018)
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Methane Cycle and subsurface reservoirs
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Methane Cycle and suibsurface reservoirs = " #=2

® Observations spanning almost half a Titan year (equivalent of mid-
January — late June on Earth) document seasonal weather patterns
(Turtle et al. 2018)

= |® Multiple lines of evidence suggest connected hydrology at Titan's north
& pole (e.g., Hayes et al. 2008, 2017; Neish and Lorenz 2014; Jennings et

MacKenzie et al., in review)

o
.. ® Unknowns

® \Nere observed weather patterns typical for a Titan year?

® How late does summer cloud activity at the north pole start?

® \What explains differences in ISS and VIMS cloud observations in 2016-20177?
® Rates of surface change

\
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\wugust 2018



® Nixon et al., PSS, 2018, Titan's cold case
files — Questions unanswered after Cassini-

Huygens
® Titan Through Time, April 2019, Boulder CO
® Titan surface working meeting, June 2019

~ September 2017
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Next steps: multiple mission concepts for future exploration of Titan, including

Dragonfly, a rotorcraft lander currently under study in the New Frontiers program
that would perform in situ investigation of prebiotic chemistry and habitability

A A
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