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Aeolian Processes
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Fluvial Processes

Narrow, sinuous, radar-bright channels on the
western portion of Xanadu extend for many
hundreds of km. They may be river networks of
methane that carry photochemical debris as
sediment (image is ~ 80 km wide)

This southern-hemisphere
“coastline” resembles
terrestrial embayments and
wetlands (~ 100 km wide)

Networks of channels/valleys with high tortuosity
near Menrva (T3) appear to drain > 104 km? into
radar bright (rough?) regions (image is ~ 60 km
wide) interpreted as alluvial fans.




trine Processes

Lacus




Pluvial Processes

Turtle et al., Science 2011
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Endogenic Processes?




Titan: A New World




Destruction of methane
~107-108 years

Stratosphere

~10-100 years

Troposphere

Rewetting of the
low latitudes 0
~100-1000 years
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Crustal methane-ethane sources? < >
Too dry for lakes Too wet for dunes

©_ Gaseous methane and ethane B Methane cloud/rain
B Solid products of atmospheric chemistry Il Surface/subsurface condensed methane/ethane
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Solar Insolation (Winf)
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Peak Insolation N—S Difference (W/mz)

Titan’s Milankovich Periods
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Flow Through Porous Media: Case Studies

EvaporationT

R~ 6 km
)

EvaporationT

R~ 6 km
—>
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Radius (1-300 km)

Height (10-100 m)

Depth to Aquifer (1-10 m)
Local Slope (0.001-0.01)

Evaporation Rate (0.3 — 3 m/yr)

Hayes et al., GRL 2008
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Titan’s Paleolake Basins
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Absolute and Relative Depth

Shoreline of
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Drowned topography reveals both a dynamic and passive
evolutionary history.
— Rising base level is currently outpacing sedimentation in the Nortl

— At times, fluid level persists long enough to leave behind
topographic legacy

Multi-layered plateaus suggest episodic erosional processe:
— Landscape history of flat surface building followed by dissection

Conical depressions are not consistent with fluvial erosion

— Most consistent with kartic dissolution
(must explain shallow slopes and mass transport issues).

Bright lake morphometrics constrain formation mechanism
— Relative depths range from 250 m -850 m

— Absolute elevations are comparable to seas shorelines

— Compositionally distinct from surrounding terrain
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* How do you generate waves?
* Do we expect to observe waves?

e Can we detect waves?

“Wind blowing over a water surface generate waves in the water
by a physical process that can not be regarde as known”

F. Ursell, 1956

generate observe detect




A: Resonance Mechanism (Philipps 1957) B: Instability Mechanism (Miles 1957)

Turbulent eddies generate vertical pressure fU(z)—c Vorticity displacements at z_generate
gradients to create initial disturbances pressure gradients 90° behind the wave

Initially Undisturbed Surface

Growth Rate:

Wavy surface perturbs shear flow —>

( B/l ) Donetan = 0. 194,0f [(U,\/g/c) cos(xy — X) — 1]2

B, w = 4yk/c (Viscous Dissipation)
° vk/ps + g/k (Dispersion Relation)

generate observe

detect
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A Threshold for Wind-Wave Growth (Donelan and Plant, JGR 2009)
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Bragg Backscatter:

T~

\
A\

Random Sea Surface

Resonant Component
. L W W g e
Kyroee = (2K'sin(6))
A = /y
bragg P Sin(g) Collyer, 1994
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C: Two Component Model [Earth]

D: Two Component Model [Titan]

Titan: Coordier et al. 2009 (vf=2.6 cSt)
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* Threshold wind speeds (for scatterometry) on Titan are
expected to be between 2.5-4 times lower than earth
 Scatter is primary driven by viscosity

* Current GCM models suggest that wind speeds vary
seasonally, and may exceed threshold during spring and
summer

*Bragg backscatte on Hydrocarbon lakes is reduced by a
lower dielectric constant, but enhanced by increased
spectral power at the resonant Bragg wavelengths

* Models predic returns near or below the SAR noise-
equivalent backscatter (single pixel) for expected winds

* The presence (or absence) of waves during the Cassini
Solstice mission may provide a constraint on allowable
wind speed / liquid viscosity (composition) [surfactants?]







Image Credit: NASA / JHU APL



A Guide to Desert Vacationing for the Hydrophobic

Dune and ripples in Nili Patera, Mars Burns Fm., Mars
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Previous Dune Studies (Ob

 Morphology
(Lorenz 2006; Radebough 2008, 2010)

— Evidence for both linear (longitdunal) and

crescentic (barchan) forms

— Different dune forms associated with
variations in sediment availability

 Orientation
(Lorenz 2006, 2009; Radebough 2008)

— Dune forms distinct patterns

— Interaction with topography suggests y
west-east elongation direction
(opposite of expected trade winds)

* Global Variation Radebaug]

etal. 2008

(Savage 2010; LeGall 2010, 2011, in-press)

— Morphometric variations with latitude/
altitude

— Crest spacing and dune/interdune fraction
increase with both latitude and altitude

— Inferred through radiometric parameters

10 ki, =

SuBply?

Radebaugh et al. 210

jonal

.

Lorenz et al. 2009

y'=-5.0x10*4}p+0.94

=30

-20 -10 0 10 20 30
Titan latitude (deg)

Le Gall et al. in-press



Dunes Form Patterns

It is difficult to NOT to form a line in the sand

Similar line geometry patterns form under very
different flow regimes and at very different scales.

T j obtuse

reversing bimodal
e i —

transverse
Rubin &MHunter 1987

8km

010 020
e

Wind ripple
Padre Island, T
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CASSINI|

J2 New Types of Dunes Discovered on Titan
W=y Distinctive Dune Forms Constrain Titan’s Wind Regimes \

MISSION TO SATURN

Newly processed Cassini
RADAR images reveal a second
dune pattern that “overprints”
the dominant east-west linear
dunes. Their existence points to
some important shifts in Titan
winds over time.

(A) Standard SAR image

(B) SAR image with noise removed
showing star dune. Star Dunes
require the presence of winds
from multiple directions to form.

(C) Barchans dunes with elongate
southern horns indicating the
influence of a second wind.

(D) Star dunes forming in areas
where the supply of sediments is
poor, which is common on Earth.

. (E) Barchanoid and reoriented
crestlines imply that dunes
respond to winds varying over
different time scales.
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