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Introduction:  Every year, organic material is de-

livered to Mars primarily in the form of interplanetary 
dust and other particles smaller than about 1 mm in 
diameter [1].  These objects are small enough that the 
organic material they carry is not pyrolized and de-
stroyed in the atmosphere [2].  By modeling the flux of 
such particles at Earth using satellite, radar, and visual 
meteor measurements and using a Mars/Earth flux 
ratio, Flynn estimates that ~2.5 x 105 kilograms of re-
duced carbon reach the Martian surface each year [1].   

The Viking landers each carried a Gas Chromato-
graph/Mass Spectrometer (GC/MS) capable of detect-
ing organic material down to a level of a few parts per 
billion (ppb) [3].  However, Neither lander detected 
any organic molecules, leading to the idea that the 
Martian surface is heavily oxidizing and destroys all 
organic material near the surface [4]. 

New data indicates that this hypothesis may not be 
entirely correct.  Most meteoritic organic matter is in 
the form of kerogen, a complex but generic kind of 
organic molecule.  Benner et al. [5] show that when 
kerogens are oxidized, they form several decay prod-
ucts that are stable to UV photolysis, another proposed 
mechanism for the destruction of Martian organics.  It 
is estimated that about 10% of organic material in me-
teorites could accumulate as metastable decay prod-
ucts.  These decay products have a fairly low volatility.  
The Viking GC/MS had a maximum pyrolysis tem-
perature of 500º C, which may have been too low to 
detect these molecules.  This idea has been borne out 
by work done in the Atacama Desert, Chile by 
Navarro-Gonzales et al. [6]. 

The Phoenix Mars Scout Mission will launch in 
2007 and carry a Mass Spectrometer capable of detect-
ing organics with a sensitivity similar to that of the 
Viking mission.  However, the Thermal and Evolved 
Gas Analyzer (TEGA) has a maximum pyrolysis tem-
perature of ~1000º C [7], which should be hot enough 
to detect any moderately volatile organic material that 
may have accumulated and were undetectable to Vi-
king. 

 The Concentration of Martian Organics:  The 
concentration of these meteoritic organic molecules is 
dependent on two primary processes.  The first factor 
is the extent to which the Martian regolith has been 
mixed.  As Mars is evidently geologically dead and 
plate tectonics are not active, impact events are the 
primary mechanism for mixing material in the crust.  
The second factor is the rate of accumulation vs. the 

rate of destruction.  As stated previously, estimates 
exist for the rate of accumulation based on terrestrial 
data scaled to Mars.  At present, the rate of destruction 
is very poorly constrained.   

It is the goal of this research to constrain the effect 
of impacts on the concentration of organic molecules 
on Mars.  Impacts play a role in determining the con-
centration of these organic molecules by both mixing 
them to depth and destroying them by heating them 
above their pyrolysis temperatures. 

Methods:  It has been observed by Navarro-
González et al. [6] that the pyrolysis temperature of the 
previously mentioned organic decay products is 
around 750º C.  A temperature of 1000 K was used in 
these simulations.   

To find the temperature increase due to impact, an 
equation giving ΔE was first used [8].  Then ΔE was 
divided by the specific enthalpy of granite, which is 
fairly representative of Martian crustal materials.  ΔT 
is then added to the mean Martian surface temperature 
of 210 K to give an absolute temperature for the rock.  
The radial distance at which the temperature first drops 
below 1000K is recorded and used to calculate a vol-
ume in which organic material is destroyed. 

Other pertinent parameters are as follows: the de-
cay exponent is used for a 45º impact [9], assumed to 
be the average angle of impact; the density of the im-
pactor and the density of the target are equal with a 
value of 2600 kg/m3, a reasonable value for the Mar-
tian crust and an average value of impactor density; 
and an impact velocity of 7 km/s is used, assumed to 
be average for Mars;  The radius of the impactor is 
calculated from crater diameter with a program using 
the pi-scaling method (available online at 
http://www.lpl.arizona.edu/tekton/crater_p.html) [10]. 

The simulation is run with crater sizes of 10, 40, 
200, 400, 2000, and 4000 meters.  10 meters seems to 
be the lower limit for size of crater on Mars, as an im-
pactor that would create a smaller crater is destroyed in 
the atmosphere [11].  The regolith thickness, or depth 
to which the crust is broken up or mixed,  is obtained 
by using a simple scaling relation between heq (regolith 
thickness) for a given Deq (crater diameter in equilib-
rium).  Melosh gives this relation to be as follows:   
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This gives values for regolith depths of 2.5, 10, 50, 
100, 500, and 1000 meters for the chosen crater diame-
ters.   

For each case, this thickness is then used to calcu-
late the volume of a spherical shell of regolith on 
Mars.  The concentration of organics in the shell de-
pends on two things.  First, the total amount of meteor-
itic material accreted over 4.5 Ga at a rate of 2.4 x 104 

kg/year.  Second, the volume of organics destroyed by 
impact (explained above) is divided by the total vol-
ume of regolith for a layer of a given thickness.  This 
gives the amount of material destroyed per impact.  
This number is then multiplied by the number of im-
pacts/year that give a certain crater size.  The crater 
frequency is taken from the Neukum production popu-
lation, (quoted in [11, 13]). 

Each year, a given amount of material accumulates, 
and every year, a certain percent of that material is 
destroyed.  At the end of the simulation, the concentra-
tion of organic material is measured and compared to 
the concentration in the regolith if impact heating is 
ignored to determine whether or not impact pyrolysis 
represents an important mechanism for organic de-
struction.  All calculations were done using 
MATLAB© Version 6.5 Release 13. 

Results and Conclusions:  The last two columns 
of Table 1 below summarize the results of the simula-
tion.  Final concentration, given in ppb shows the ef-
fect of mixing to depth on organic concentration.  The 
last column is the most diagnostic of the importance of 
impact-induced pyrolysis as it shows the change in 
concentration when impact heating is included in the 
simulation.   

It is obvious and was expected that regolith mixing 
is a huge factor in determining the concentration of 
organic molecules on Mars.  The extremely small dif-
ference (<<1 ppb) in concentration for all but the most 
abundant of crater sizes and shallow regolith depth 
clearly show that organic destruction due to impact-
generated heat is not an important mechanism of or-
ganic destruction.   

As a side note, a simple calculation shows that a 
rare, huge impactor 100km in diameter would only 
destroy about .5% of the organics present at the time 
of impact.  This further supports the result that impact-
induced heating is a minor factor in the destruction of 
organic material as even major events fail to have a 
large effect. 

Martian regolith depth in the Xanthe Terra region 
has been estimated to lie between 90-113 m, using 
photoanalysis of terraced craters[14].  Using this as an 
average regolith depth, and if impact-caused mixing 
and heating were the only factors, the concentration of 
organic materials in the Martian regolith should be ~1-
2 parts per million.  At these high levels, Viking 
should have detected something and yet did not.  This 
demonstrates that other destruction mechanisms such 
as oxidative or photolytic destruction must also play 
major roles.  

Finally, it is important to mention that the above 
simulation represents a global average and that local 
variations in parameters such as topography and min-
eralogy could play important roles in determining the 
concentration of organic molecules on Mars. 
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Table 1 – Summary of numerical results 
Regolith 
Depth (m) 

Crater Di-
ameter (m) 

Impactor 
Radius (m) 

Number of 
Craters/m2

Final Conc. 
(in ppb) 

ΔConc. (ppb) - De-
struction vs. Mixing 

2.5 10 0.101 1.00E-03 114580 0.441900
10 40 0.599 8.00E-06 28645 0.046100
50 200 4.72 7.00E-08 5729 0.007900

100 400 11.5 3.00E-09 2865 0.001200
500 2000 90.3 3.00E-11 573 0.000237

1000 4000 220 1.00E-11 287 0.000286
10000 40000 3100 2.00E-13 29 0.000161
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