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Introduction: Cassini’s radar instrument discovered
that Saturn’s giant moon Titan has remarkably abun-
dant sand dunes, apparently made of organic-rich ma-
terial, bringing a new set of materials and physical pa-
rameters to the pantheon of dune-worlds. Here we re-
view their discovery and the implications for Titan’s
exotic climate.
Discovery: Initially [e.g., 1] seen in February 2005 on
T3 (north of Xanadu) as enigmatic dark streaks (nick-
named with the nongenetic term ‘cat scratches’) Titan’s
unexpected dunes were identified as such [2] on a more
equatorial pass [T8, October 2005] that covered the
dark region Belet. Titan’s dunes were unexpected [3]
because of the expectation of a damp, if not completely
submerged, surface and the expectation that the feeble
sunlight at Titan would be too weak to exceed the salta-
tion threshold of 0.5-1 m/s.
The low latitude dark regions seen optically since maps
of Titan were first made with Hubble and other data in
the mid-1990s appear to correlate with areas with more
abundant sand supply and perhaps higher dunes. The
viewing geometry and/or the height of the dunes seen
on T8 was such as to display their positive relief via
slope-dependent radar reflectivity, and their slopes have
recently been resolved in the near-infrared[5]. While
dune sands are radar-dark compared to alluvial terrain
and highlands[4], they are not as dark as the methane-
ethane lakes seen at high latitudes[6]. A striking aspect
[7] of Titan’s dunes is that they are linear or longitudin-
al in form – often forming ‘tadpole’-like flow patterns
around topographic obstacles (e.g. Fig.1).

Figure 1. 75x50 km segment of Cassini Ku-band SAR
acquired October 2005 during T8 flyby over Belet.
The dunes part around and reconverge behind (east)
of a bright mountain.

Implications for Humidity: Saltation requires dry
conditions. The Huygens probe (at 10oS) observed a
couple of dune streaks in the distance, within 30km of
fluvial channels near its landing site which was itself an
alluvial deposit which was physically damp. The prox-
imity of dunes requiring dry conditions to form with
moisture is in a sense paradoxical, but is not very un-
usual for Earth – it merely shows that Titan’s climate is
as variable and complex as that of our planet. Models
suggest humidity should indeed be lower onslowly-
rotating Titan near the equator (rather than in midlati-
tude belts as on Earth where the planetary rotation
forces downwelling of dry air in the Hadley circulation)
which is consistent with the observed dune distribution.
It remains to be determined by further modeling and
observation how often a given location may experience
rainfall (under the present climate, or perhaps during
epochs when the cryovolcanically-replenished methane
humidity may have been different) and what the impli-
cations for present-day sand transport might be.
Implications for Sediment Supply: Even before Cas-
sini [3] it was recognized that sand-producing processes
might be weak on Titan. Glacial and freeze/thaw
processes are not expected in the present climate, and
the inventory of impact craters is not enough to produce
much sand-sized material. It is estimated that the dune
sands comprise some >2x105 km3 of material [8].
Fluvial processes appear to be more pervasive than had
been expected pre-Cassini (perhaps because rainstorms
are, while rare, violent) although it is not yet clear
whether the observed fluvial channel networks can ac-
count for this volume of material. Perhaps more likely,
especially given the distinct near-infrared spectral cha-
racteristics of the dune-covered areas [5] is that the
dunes are formed predominantly of organic material
formed by photochemistry in the atmosphere. An open
question, however, is how the micron-sized atmospher-
ic organic haze particles are processed into sand-sized
particles that can be saltated into dunes. It may be that
some intermediate physical or chemical processing is
required (perhaps associated with drying-up of lakes
and their sediments).
Implications for Zonal Winds: Titan’s winds are far
from understood, and Titan presents the unique (in our
solar system) situation of a dense atmosphere on a
slowly-rotating body, with weak seasonally-variable
solar forcing, a condensable fluid, and significant forc-
ing by a gravitational tide. This tide produces a ~1mb
pressure bulge and associated windfield (0.2-1 m/s) that
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propagates around the body once per Titan day. Thus
this curious setting (which may be common on extraso-
lar planets and their satellites) leads to winds that are
both strong enough for saltation (since deep in Titan’s
atmosphere, the solar heating is diminished and the air
is denser, so a given heat flux can drive only weak
winds [3]) and that fluctuate in direction (which may be
responsible for the longitudinal geometry seen for the
vast majority of Titan’s dunes). Simulations of Titan’s
winds with a Global Circulation Model (GCM) [9]
have indeed indicated that bimodal wind patterns are
likely, although perhaps more due to seasonal varia-
tions than the tide. A major challenge that is emerging
is that models tend to produce (and indeed crude plane-
tary-scale angular momentum balance requires) winds
that are predominantly Easterlies (i.e. E-W) at low lati-
tude, whereas the dune pattern [Fig. 2] clearly indicates
W-E sand transport. However, there are major uncer-
tainties in the input parameters for present models (not
least the role of Titan’s significant but poorly-known
topography, which via mountain pressure torques as
well as surface drag may substantially) and there are
indications that substantial angular momentum may be
exchanged between crust and atmosphere on seasonal
timescales [10].
Conclusions: Titan’s dunes bring a new world to the
fore for the study of aeolian processes, in a physical and
chemical setting very different from those of Earth and

Mars, and its widespread sand seas (with a whiff of
organic spice?) make it somewhat reminiscent of the
Herbert’s fictional Dune planet Arrakis [11] The ob-
served style, distribution and orientation each provide
important constraints on understanding Titan’s winds
and hydrological cycle.

References: [1] R D Lorenz and J Mitton, Titan Unveiled,
Princeton University Press, 2008 [2] R. D. Lorenz et al., The
Sand Seas of Titan : Cassini RADAR observations of Longi-
tudinal Dunes, Science, 312, 724-727, 2006 [3] R. D. Lorenz,
et al., Prediction of Aeolian Features on Planets : Application
to Titan Paleoclimatology, Journal of Geophysical Research
(Planets), 88, 26,377-26,386, 1995 [4] F. Paganelli, et al,
Titan surface from Cassini RADAR SAR and high resolution
radiometry data of the first five flybys, Icarus, 191, 211-222,
2007 [5] J. Barnes et al., Spectroscopy, Morphometry, and
Photoclinometry of Titan’s Dunefields from Cassini/VIMS,
Icarus, in press [6] E.R. Stofan et al., The Lakes of Titan,
Nature, 441, 61-64, 2007 [7] J. Radebaugh, Dunes on Titan
Observed by Cassini Radar, Icarus, in press. [8] R. D. Lo-
renz et al., Titan’s Inventory of Organic Surface Materials,
Geophysical Research Letters, 35, L02206, 2008 [9] T. To-
kano, Dune-forming winds on Titan and the influence of to-
pography, Icarus, 194, 243-262, 2008. [10] R. D. Lorenz et
al., Titan's Rotation Reveals and Internal Ocean and Changing
Zonal Winds, Science (in press, 2008) [11] R. D. Lorenz,
The Dunes of Dune, in K. Grazier (ed) The Science of Dune,
Benbella Books, 2008

Figure 2. Cylindrical projection map showing observed dune orientations (arrows) overlaid on an optical (940nm)
map generated by the Cassini ISS (www.ciclops.org). The predominantly eastwards flow is evident and is a challenge
to models. Large areas of Titan (>70%) are presently unmapped – the dunes plotted here are from radar data acquired
on TA,T3,T8,T13,T16,T17,T19,T21,T23 and T41.
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