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Introduction:  Aeolian studies focus on deposits

and processes observed at the interface between a

wind-driven atmosphere and a surface of particulate

materials, possibly including large blocks or bedrock.

Robotic exploration of the solar system has expanded

the range of environments in which aeolian deposits

have been documented.  This report focuses on dune

fields observed on several planetary surfaces, follow-

ing a sequence from lowest to highest atmospheric

pressure (Table 1).

Table 1: Properties of planetary environments [from 1]
Venus Earth Mars Titan

g (m/s
2
) 8.88 9.81 3.73 1.36

p (mb) 90000 1013 7 1600

Comp. (%)CO2, N2 N2, O2 CO2, N2 N2, CH4

(96, 3.5) (77, 21) (95, 2.7) (90, 10)

Tsurf (°C) 480 22 -23 -200

Mars: Dune fields were first observed on Mars in

Mariner 9 images [2]; subsequent spacecraft provided

information on the diversity and distribution of dunes

across the planet [e.g. 3-5].  Other than the north cir-

cumpolar dune field [6], most dune fields on Mars oc-

cur on the floors of large impact craters (Fig. 1) [3, 4].

Figure 1.  Dune field in Proctor crater, Mars, 47.8°S,

30.7°E.  THEMIS V16837003, 17 m/p (ASU).  Inset:

THEMIS mosaic [7].  Dots show location of Figure 2.

For example, the Proctor dune field has been the sub-

ject of detailed mapping and monitoring [8], now sup-

plemented by coverage from HiRISE (Fig. 2).  Martian

dunes display a variety of forms, from barchans to

transverse ridges [3], but there is a lack of longitudinal

dunes [9].  MER observations indicate both basaltic

sand and dust aggregates on aeolian bedforms [5, 10].

Figure 2.  HiRISE view of Proctor dunes and ripples

(see Fig. 1).  PSP_002455_1320, 25 cm/p (U of A).

Earth:  Spacecraft sensors documented dune fields

across the planet [e.g., 11] at scales comparable to re-

cent data from Mars (compare Figs. 1 and 3).  The vast

Figure 3.  Kelso dune field, California, 34.901°N,

115.727°W. ASTER data, acquired on 10/17/00, 15

m/p [12].
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array of dune forms found on Earth [e.g., 1, 11, 13]

have not yet been observed on other planets, but the

physics of particulate movement by the wind estab-

lished on Earth [14] is readily applicable to other

planetary environments [1].

Titan: The RADAR experiment on the Cassini

spacecraft is mapping swaths across haze-shrouded

Titan; primarily in equatorial areas, large fields of lon-

gitudinal dunes are common (Fig. 4, [15]).  Radar data

Figure 4.  Longitudinal dune field on Titan, 8°N,

44°W.  Cassini SAR, ~500 m/p, PIA087380 [15].

show the dunes on Titan have a spacing of 1 to 3 km,

lengths of many tens of km, and heights of 100 to 150

m, likely comprised of sand-sized particles consisting

of hydrocarbon materials or methane ice coated by

hydrocarbons  [16].  Thus far, dunes other than those

in the longitudinal dune fields are uncommon.

Venus: The Magellan mission used a Synthetic

Aperture Radar (SAR) experiment to map >98% of

Venus, revealing the presence of >6000 aeolian fea-

tures across the planet [17].  While wind streaks repre-

sent the most common aeolian feature on Venus [18],

two prominent fields of dunes were identified: the

Aglaonice dune field  (Menat Undae, 25°S, 340°E)

covering ~1300 km
2
, and the Fortuna-Meshkenet dune

field (Al-Uzza Undae, 67°N, 91°E) covering ~17,100

km
2
 [17-19] (Fig. 5).  The dunes in the Fortuna-

Meshkenet field consist of arcuate ridges 0.5 to ~10

km in length, oriented transverse to wind streaks in the

immediate area, with widths of 0.2 to 0.5 km and an

average spacing of 0.5 km (Fig. 5) [17].  The dunes

appear to have slopes <25° based on SAR images ob-

tained during separate mapping cycles with different

look orientation; several other regions in the southern

hemisphere of the planet may have ‘microdunes’

whose presence is inferred because they are spaced

properly for Bragg scattering and/or they have near-

normal dune faces that produce subpixel reflections

[20].

Figure 5.  Fortuna-Meshkenet dune field on Venus,

67°N, 91°E.  Magellan SAR, ~100 m/p, from NASA

F-Map 66N084.

Discussion: The vast differences in atmospheric

pressure represented by the above features do not seem

to have a strong effect on sand-sized particles that have

collected into dunes and dune fields.  This is likely a

result of the fact that while the threshold friction speed

ranges widely for the environments from Mars to Ve-

nus, the particle size most easily moved by the wind

ranges only from 75 to 180 microns within this broad

pressure regime [1].
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