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Summary. Dust storms on Mars have long been observed from Earth and spacecraft (I), 
and there has been much speculation on the requirements for entraining dust into suspension. 
Analytical models (2) and wind tunnel simulations (3) suggested that extremely high wind speeds 
are required to raise fine (<lo pm) particles into the low-density martian atmosphere. Because the 
Viking landers measured winds that were typically lower than threshold speeds for very fine 
grained material, many investigators invoked ad hoc mechanisms for raising dust on Mars, as 
recently reviewed (1,4). We have completed preliminary experiments which show that martian dust 
could be raised by wind friction velocities as low as 1.3 mlsec and explain why the previous 
estimates involve higher velocities. 

Background 
Previous aeolian threshold curves for Mars (Fig. 1) show that the size particle moved by 

lowest winds is about 100 p.m in diameter, with larger and smaller particles requiring stronger wind 
friction velocities (u*). Martian atmospheric dust is considered to be <few pm in diameter (5). 
Particles this small are very difficult to handle, and few threshold experiments have been conducted 
for dust even for Earth conditions, let alone Mars. Previous threshold curves f ~ r  this size particle 
were extrapolated from larger sizes on the assumption that threshold wind speeds would increase 
with decreasing particle size. Such a relationship is clearly indicated, at least for particles as small 
as -15 pm. The difficulty in moving small particles is attributed to the increasing effects of inter- 
particle forces, such as cohesion, and aerodynamic effects (6). However, previous threshold curves 
were generated for particles entrained in saltation, rather than suspension, which is the principal 
mode for dust entrainment. Consequently, it may not be entirely appropriate to extrapolate 
threshold curves from large particles to those of a few pm in diameter and smaller. 

Experiments 
For the first time, experiments reported here involved 1 pm-size dust and martian atmospheric 

densities. Prior to running the experiments,suitable test materials were required, a technique for 
emplacing the material in the wind tunnel without introducing artifacts needed to be developed, and 
a method for detecting threshold was needed. Several lines of evidence suggest that martian dust is 
derived from the weathering of basaltic parent material, with nontronite clay being a good candidate 
composition. Consequently, we sought test materials that would have the physical properties of 
both nontronite and natural windblown dust of -few pm size. Commercial potters clay (CRC) 
(particles = 1 to 2 pm diameter) met those requirements and was used in the experiments. SEM 
analyses showed that this clay has the same shape characteristics as both nontronite and natural 
windblown dust. After testing several methods for emplacing CRC in the Mars Surface Wind 
Tunnel (7), we found that the clay could be emplaced as an air-entrained cloud over the test bed. 
Experiments were then run at 10 mb pressure and ambient temperature, which produced the same 
fluid density as C 0 2  on Mars at 6.5 mb pressure. Two test beds were used, one on which 250 mm 
sand grains were glued and the second on which pebbles -1 cm in diameter (spaced -1.5 cm apart) 
were glued. About 0.2 cm of clay was emplaced on each bed type. 

Figure 1 shows threshold data points for various particles, along with the conventional 
saltation threshold curve. Also shown are results for CRC ("Mars dust"). All of the data points 
except the clay represent sustained saltation movement. Individual particles 510 mm typically do 
not saltate (8), but pass into suspension. In our low pressure experiments, sustained suspension 
threshold at a steady wind speed was not achieved and values shown in Figure 1 for dust 
correspond to initial, but sporadic, movement. It is important to note that particles of this size 
behave differently than larger grains. Dust movement on the "sanded" floor involved small (-mm) 
clumps of dust ("dust balls") which begin to roll along the surface. Rarely did these go into 
suspension but, more commonly, they rolled to the end of the test bed where they accumulated. 
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Dust movement on the pebble floor was markedly different. Suspension threshold occurred for the 
particles that covered the tops of the pebbles; however, the friction velocity (u*) at which this 
movement occurred was not consistent from one experiment to the next. Dust balls also formed in 
the pebble floor experiments; some dust balls developed on the tops of the pebbles then rolled or 
slid down the lee side of the pebbles where they accumulated. Other dust balls formed between the 
pebbles where they moved short (-few cm) distances until they reached a stable position. 

These experiments pose several implications for Mars. Even though sustained threshold was 
not achieved, experiments show that micron-sized particles in a layer -0.2 cm thick on top of small 
pebbles were removed by friction velocities of -1.3 m/sec. Although precise translations of friction 
velocity to measurements of windspeed made by the Viking Lander anemometers is difficult, this 
value is well within the range of the higher recorded wind speeds on Mars. Particularly significant 
are the differences in the tests on the smooth and the rough test beds. The implication for Mars is 
that dust raising would occur in areas that are somewhat rocky; dust settled on the tops of the rocks 
would be removed; dust settled between the rocks would be trapped and accumulate until the rocks 
were buried or until some equilibrium surface roughnesses were achieved. As long as the tops of 
rocks remained exposed, this would provide elevated platforms for dust accumulation and removal, 
as in the experiments. Conversely, dust that settled on relatively smooth surfaces on Mars would 
require substantially higher wind speeds for entrainment; for example, the maximum MARSWIT 
speed is 160 d s e c  and dust thresholds on the smooth floors were not achieved. 
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Figure I .  ThreshoMfriction velocities ( d s )  versus particle diameterfrom experiments run in the Mars Surface 
Wind Tunnel at 10 mb pressure. SOLID line shows "conventional" curve extrapolated to Mars dust sizes (-few 
pm); also shown are new experiment results using clay particles 1-2 pm in diameter. Although there is a wlde 
range of threshold velocities, the lowest velocities (-1.3 m/s) correspond to dust removal from the tops of pebbles. 
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