


What is the potential for contamination transport from one location to another?

Thought Experiment: Toss a 
handful of very fine dust into 
the atmosphere from the steps 
of the Lincoln Memorial, 
Washington D.C.    What is the 
probability that a single particle 
would land in a small area on 
the Rockefeller Plaza ice rink in 
NYC and that you would find it 
after a few random samples ?

~850 km





• Transport
• Wind
• Turbulence
• Sedimentation
• Aerosol and microphysical interactions

• Sinks/Destruction Mechanisms
• Ionizing radiation
• UV spectrum
• Chemistry
• Temperature
• Humidity/Water activity
• Electrodynamics
• Others?

Soares et al., 68th

IAC, 2017

Rafkin, PPRP proposal, 2018



• Source Function
• Total contaminant reservoir
• Viable reservoir fraction
• Mobilization processes and transport vector

• Sinks/Destruction Mechanisms
• Ionizing radiation
• UV spectrum
• Chemistry
• Temperature
• Humidity/Water activity
• Electrodynamics
• Others?

Large Eddy 
Simulation of 
Afternoon 
Turbulence

Near-Surface 
Winds in the Gale 
Crater Area.
(Rafkin et al., 
Icarus, 2016)
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• Source Function
• Total contaminant reservoir
• Viable reservoir fraction
• Mobilization processes and transport vector

• Transport
• Wind
• Turbulence
• Sedimentation
• Aerosol and microphysical interactions

Measurements for the 
Mars Science Laboratory 
RAD and REMS 
Investigation (Guo et al., 
2015)

UVABC flux from MSL 
REMS (Vicente-Retortillo
et al.,Space Sci. Rev., 
2020)



• This is a highly interdisciplinary problem.

• Many of the elements are poorly understood, 
poorly constrained, or highly uncertain.

• Parametric studies and simplifications can 
bound the problem.

• This study:
• Ignore source function.
• Ignore sedimentation and microphysics.
• Ignore destruction.

• Future Work will incrementally add complexity 
to encompass additional source, transport, and 
destruction mechanisms.



The Mars Regional Atmospheric Modeling System (MRAMS)
• A dynamic atmospheric model that calculates the time-

varying atmospheric properties (Rafkin et al., 2013, 2020).
• Includes topography and realistic surface properties.
• Nestable: high-resolution coverage over limited domains 

and coarser resolution over larger domains.

Pla-Garcia et al., Icarus, 2016



Ls 90 Ls 270

Grid 4:  8.8 km 
grid spacing

Grid 2:  80 km 
grid spacing

Log10(concentration)
Starting concentration = 1 .0 at 

MSL in Gale Crater
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North

3-D Single Trajectory
Morning Release
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North



1 particle per m3

100 particles per meter squared per sec 

a dilution of at least 9 orders of 
magnitude

100 Mars years 

• Two particles per football field after 100 years.



• Probability of collecting this particle is: 10-4 m2

÷ 2.7x103 m2/particle= 3.7 x 10-8.
• Probability of royal flush: 1.5x10-6.
• Probability of getting struck by lightning (in U.S.) 

in a lifetime: 6.5x10-5.
• Probability of getting killed by meteorite (est.): 

4x10-6.  
• Hence, probability is very, very low.

• Rough calculations, backed by preliminary 
model results, generally indicate 
contamination is only a local/regional issue.

• Our rough calculations will be refined with 
ongoing modeling, including back trajectory 
calculations, time varying source functions, 
and sink processes.

• Closest contamination site to M2020 is Beagle 2 
@ ~800 km.

• 17 years ago, not 100 years.
• Likely not continuously fluxing 100 

particles/m2/sec for 100 years.
• Beagle not continuously upwind of M2020.
• Degradation of organics not factored in.
• Not all particles in lowest layer will settle to 

surface.



The probability 
is excruciatingly small.
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