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Introduction:  Wind streaks on Mars are common 

occurrences, e.g. [1] and [2]. An additional type of 

wind streak system radiates from some impacts on 

Mars and is largely invisible in the visible wavelength.  

However, these wind streak systems are apparent in 

nighttime thermal infrared images from the Thermal 

Emission Imaging System (THEMIS) instrument [3-5].  

These crater-related wind streaks reveal clues about 

the history of the target and the nature of the impactor.   

From laboratory experiments and shock physics 

code modeling, the crater-related wind streaks appear 

to be formed from a process of impact vapor genera-

tion, expansion, and atmospheric coupling that in turn 

initiates intense winds at the surface.  Winds of hun-

dreds of meters per second can mobilize particles from 

millimeters to centimeters in diameter [6], and when 

these winds reach a preexisting obstacle, they are in-

tense enough to either overcome the obstacle or go 

around it.  The latter case sets up horseshoe vortices, 

which cause surface scouring and deposition on the lee 

side of the obstacle [6]. 

 

 
Fig. 1 – THEMIS nighttime infrared mosaic of Pál 

Crater (lower left corner) and bright wind streaks (yel-

low arrows).  Insert box shows a small crater with 

scouring on the “downwind” side (Mars Orbiter Cam-

era image R1001026). 

 

Mars Observation:  Santa Fe [3, 4], Pál, and Hale 

[7] are good examples of craters with wind streaks.  

Crater-related streaks are visible today and have not 

changed on human timescales; thus, they are more 

permanent features than those identified by Thomas et 

al. [1], which change with global wind patterns.  Dust 

and even the more traditional depositional wind streaks 

may even overlay the thermally bright crater-related 

streaks, thereby making them nearly invisible.  How-

ever, the fact that the streaks are clear and bright in the 

nighttime thermal infrared means that they consist of 

coarse-grained material with a higher thermal inertia 

than the surrounding dusty surface.  Because such 

streaks typically develop double streaks (tails) off of 

preexisting topography (e.g., smaller craters), they 

either expose scoured bedrock or mobilized coarse 

particles.  Higher resolution images, such as those 

from the High Resolution Imaging Science Experiment 

(HiRISE) onboard the Mars Reconnaissance Orbiter 

(MRO), reveal a complex interaction at the surface.  

Areas of scouring and deposition are evidence of the 

intense turbulence at the surface. 

 

 
Fig. 2 – Laboratory experiment from Quintana et al. 

[5] showing winds blowing dolomite dust from pipe-

cleaners (a) outward at ~150 m/s and (b) back toward 

the crater at ~30 m/s.  

 

Laboratory Experiments:  Laboratory experi-

ments at the NASA Ames Vertical Gun Range 

(AVGR) in Mountain View, California provided a 

means for testing the hypothesis that impact vapor 

coupling to an atmosphere could generate intense 

winds and be responsible for the crater-related streaks 

on Mars [5].  Pyrex projectiles 6.35 mm in diameter 

were fired using the two stage light-gas gun into a 

powdered dolomite target at ~5.5 km/s and various 

impact angles.  Powdered dolomite is used as a proxy 

because it is easily vaporized at laboratory impact ve-

locities [8, 9].  The impact chamber was equipped with 

high-speed cameras, microphones, geophones, pres-

sure sensors, and tracers to capture the processes in-

volved in the impact.  These experiments revealed 

three particular processes: (1) high-speed cameras rec-

orded a surface roughening, which is consistent with 

an air-coupled shockwave formed from the first con-
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tact of the projectile and target.  (2) Geophones buried 

within the target recorded a signal at a later time that is 

consistent with a ground-coupled shockwave from the 

first contact.  (3) Later-arriving winds traveling at ap-

proximately 150 m/s then entrained and blew dolomite 

dust off pipe cleaners positioned upright just inside the 

edge of the target surface.  The winds reversed direc-

tion after a short time and blew back toward the form-

ing crater (Fig. 2), consistent with an expanding vapor 

plume moving downrange.  Later, atmospheric  winds 

trailing behind the plume mobilized millimeter-sized 

Styrofoam balls placed just outside the target surface.  

Laboratory-Scale Numerical Models:  Numerical 

models of the above laboratory experiments are being 

developed using the CTH Eulerian shock physics 

package developed at Sandia National Laboratories 

[10].  Laboratory-scale models allow the code to be 

tuned to match the results of the experiments.  Such 

simulations also provide valuable data and visualiza-

tion techniques that are impossible in the laboaratory.  

When laboratory-scale simulations match the experi-

ments, planetary-scale models gain validity.  At the 

time that this abstract was written, laboratory-scale 

models were being run to check the equation of state 

for dolomite, and to match the shockwave arrival times 

and atmospheric pressure changes recorded by pres-

sure gauges in the experiments above.  

Planetary-Scale Numerical Models:  Preliminary 

planetary-scale numerical models were also performed 

using the CTH shock physics code [4].  A 1.5 km di-

ameter dunite projectile impacted a basaltic target at 12 

km/s for each simulation.  Current average Mars con-

ditions were used for surface atmospheric pressure and 

temperature.  Additionally, a small obstacle placed at a 

distance from the impact point simulated the effect that 

preexisting topography has on vapor expansion and 

winds.  As part of this study, simulations were per-

formed with  and without a layer of water ice on the 

surface.  Additional models simulated the impact of a 

comet with an impactor composed of water ice instead 

of dunite.  Simulations with different ice thicknesses 

and different target stratification are also being per-

formed to understand how the target surface affects the 

resulting impact vapor plume, atmospheric coupling, 

and later wind development.  The porous ice layer and 

solid ice impactor caused enhanced vaporization from 

the cases without ice, as expected.  The vapor plume 

expanded rapidly, leading to winds traveling at hun-

dreds of meters per second horizontally that interacted 

with the obstacle and generated vorticies (Fig. 3).  

CTH is not meant to simulate turbulence or vorticies in 

fluids; so, the exact nature of the vorticies cannot be 

determined with this code.  Nonetheless, the conditions 

and processes that occur after impact support the hy-

pothesis that an asteroid or comet impact on Mars can 

generate impact-vapor driven atmospheric winds, and 

these winds are strong enough that they can form the 

streaks seen around some craters with THEMIS 

nighttime infrared. 

 

 
Fig. 3 – CTH plot of a 3D calculation showing x ve-

locity and vortex development behind an obstacle. 

 

Conclusion: Impact vapor expansion in the Mar-

tian atmosphere generates intense winds that likely 

form the observed crater-centered wind streaks on 

Mars.  Laboratory experiments allow isolating control-

ling processes in order to test this hypothesis at small 

scales.  Here, we isolated three separate processes in 

the lab, the most significant of which was the devel-

opment of winds correlated with a vapor plume inter-

acting with an atmosphere.  Laboratory-scale numeri-

cal models that match the experiments are being per-

formed to give more confidence planetary-scale mod-

els, while also improving our understanding of such 

codes.  
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