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Introduction:  That Mars currently undergoes 

large-scale obliquity-driven quasi-periodic climate 
variations is one of the cornerstones of our field [1-3]. 
Dynamical calculations show that during the past 20 
million years, the obliquity of Mars has varied between 
15 and 47 degrees (see Fig.1a), and that even greater 
variations have occurred in the past [4,5]. These same 
models show that these variations are chaotic in nature, 
and can’t  be predicted uniquely over longer time-
scales. Climate models predict large-scale changes in 
the mass of the Martian atmosphere in response to 
obliquity forcing due to the condensation and sublima-
tion of carbon dioxide residual polar caps [2,3] (see 
Fig.1b). 
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Figure 1. a) Calculated recent past and future obliq-
uity of Mars (from  [5]). b) Calculated Martian obliq-
uity-driven surface pressure variations assuming an 
unlimited supply of CO2 and 25 Pa of non-
condensables for three assumptions regarding polar 
cap albedo.  
 

The main observational evidence for the reality of 
Martian quasi-periodic climate variations comes from 
images showing fine-scale rhythmic layering in the 
north and south polar layered deposits [6,7], and in 
layered sedimentary deposits at lower latitudes [8]. 
Obliquity-driven climate variations are also routinely 
invoked to explain  puzzling Martian landforms such 
as gullies and ice-related features that are difficult to 
reconcile with current climatic conditions. However, in 
total, the observational case for quasi-periodic climate 
change on Mars is not nearly as strong as the theory.  

 Small Impact Craters As A Test: In 1993, Va-
savada, Milavec and Paige (VMP93) [9] showed that 
the theory of recent obliquity-driven climate change on 
Mars could be tested through observations of the abun-
dance of cm-sized impact craters on Martian rock 
faces. Lunar rocks record numerous hypervelocity 
mico-impact events [10]. The current ~600 Pa atmos-
phere prevents such micro-impacts on the Martian 
surface today, but during periods of low obliquity 
when atmospheric pressures are predicted to be sub-
stantially lower, the rates of micro-crater formation 
should be high enough to create an observable record 
of past low obliquity conditions. Examination of Vi-
king and Pathfinder images provided evidence for col-
lisional processing of rocks and boulders [11], but no 
definitive evidence for cm-sized hypervelocity impact 
craters was found.  

MER Crater Statistics: As they traverse the sur-
face of Mars, the two MER rovers are acquiring thou-
sands of images of the Martian surface with excellent 
resolution and spatial coverage. These include a large 
number of engineering camera images that are rou-
tinely acquired for planning rover traverses and assess-
ing potential hazards [12]. Each rover is equipped with 
three engineering cameras,  a mast mounted Navcam 
and fixed front and rear Hazcams. Fig. 2 shows an 
example of a front Hazcam rock surface. Table 1 
shows a summary of the MER engineering camera 
image data that has been acquired to date, along with 
estimates of the rock surface area that has been sam-
pled and the range of micro-crater diameters that po-
tentially be discerned.  

Based on the MER imaging data that has been ac-
quired to date, we can say with a good degree of cer-
tainty that evidence for cm-sized impact craters at both 
landing sites is limited to non-existent. A few shallow  
~10 cm sized craters that are probably not the result of 
hypervelocity primaries have been observed in dune 
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material at the MER B site [13] , but examination of 
the complete MER imaging dataset has thus far not 
revealed the presence of a single cm-sized hyperveloc-
ity impact crater. In general, the rock surfaces appear 
to be completely pristine and show no evidence for 
past exposure to small hypervelocity impactors.  Fig. 
3a shows a combined summary of upper-limit MER 
crater densities assuming the presence of a single  hy-
pothetical impact crater at each observable diameter 
range.   
 

 
 
Figure 2. Example MER B Front Hazcam image 
showing a rock outcrop (note range notations in me-
ters). 
 

MER Engi-
neering 

Camera Data 
Product 

Range to 
Surface 

(m) 

Individual 
Image or 
Mosaic 

Area (m2) 

Discernable 
Crater 

Diameters 
(cm) 

Rock Area 
Viewed by 

MER A (m2)

Rock Area 
Viewed by 

MER B 
(m2) 

Navcam 360 
degree 

panorama 
far 

2 - 9 241.9 8 - 15 8649.7 8179.5 

Navcam 360 
degree 

panomama 
near 

2 - 4 37.7 4 - 8 1348.0 1274.7 

Front Haz-
cam image 

far 
0.5 - 0.9 0.68 2 - 8 50.2 62.1 

Rear Haz-
cam image 

far 
0.5 - 09 0.7 2 - 8 39.0 48.5 

Front Haz-
cam image 

near 
05 - 0.75 0.32 1 - 2 23.6 29.2 

Rear Haz-
cam image 

near 

0.5 - 
0.75 0.29 1 - 2 16.2 20.1 

Table 1. MER engineering camera coverage as of  
April, 2007.  The rock surface area fraction is esti-
mated to be 0.1 for all products. 
 

Catering Rate Simulations: We have used an up-
dated version of the VMP93 Monte-Carlo cratering 
model to simulate the rates of cm-sized crater forma-
tion at the MER landing sites for various assumptions 
regarding the atmospheric pressure.  The model em-
ploys the same asteroidal velocity and angular distribu-
tion as VMP93, but includes an extrapolated impactor 
mass flux distribution based on observations of bolides 
in the Earth’s atmosphere [14] scaled up by a factor of 
2. This production function is consistent with the 
Hartmann steep branch production function [15] and is 
also consistent with the distribution of recent impact 
craters on the surface of Mars observed by MOC [16]. 
We also employ the asteroidal composition and abla-
tion properties assumed by Chappellow and Sharpton 
[17], which gives an astroidal impactor population 
consisting of  75% carbonaceous, 16.25% stony and 
8.75% iron impactors by mass.  We employ the same 
crater diameter scaling law as VMP93, but assume a 
threshold velocity of 2 km/sec for the creation of a 
hypervelocity impact features in rock. 

Five model atmospheres were investigated with 
CO2 surface partial pressures of 0, 25, 75, 275, and 
595 Pa, plus a fixed non-condensable N2 and Ar  com-
ponent with a surface partial pressure of 25 Pa, to yield 
total atmospheric surface pressures of 25, 50,100, 300 
and 600 Pa. To achieve good cratering statistics, a re-
gion of 1000 m2 was simulated for a period of 1 mil-
lion years, which resulted in a total of 28,980 meteors 
with initial masses between 10-6 and 10-3 kg per simu-
lation.  
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Fig. 3b shows calculated cumulative crater produc-
tion rates as a function crater diameter. The results 
show the expected pattern of increased crater produc-
tion rates and decreased crater diameters as surface 
pressures decrease. The results for the  simulations at 
surface pressures of 300 and 600 mb are not plotted 
because they produced no hypervelocity impacts, thus 
confirming that the present Martian atmosphere effec-
tively shields the surface from hypervelocity impactors 
in this mass range.  

Comparing Data and Models: The MER observa-
tions of upper limit impact crater densities can be di-
vided by the model calculated production rates at vari-
ous surface to yield the maximum period of time that 
would be required to achieve the observed crater den-
sities at a given surface pressure. These results are 
plotted in Fig. 3c. Using the tightest constraints that 
the crater statistics provide, we find that the  past sur-
face pressure at the MER sites could have been 25 Pa 
for a maximum of 2,297 years, 50 Pa for a maximum 
of 5,526 years, and 100 Pa for a maximum of 29,330 
years.  For comparison, the typical time period for a 
low obliquity excursion (see Fig. 1a) is calculated to 
be 20,000 years. 
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Figure 3. a)   Estimated combined upper limit impact crater 
densities at the MER sites based on engineering camera data 
products. b) Cumulative crater production rates from Monte-
Carlo model calculations at three assumed total atmospheric 
surface pressures. c) Upper limit exposure times for the MER 
sites at the three assumed atmospheric surface pressures 
based on the MER crater density statistics.  
 

Discussion: The absence of observable cm-sized 
impactors at the MER sites is strong evidence against 
the notion that Mars has experienced extended periods 
of low atmospheric pressure. Estimates of soil erosion 
rates at the MER sites of  0.3 – 10 nm/year [18] sug-
gest that rock surfaces at these sites have the potential 
preserve a record of cm-sized impact craters that ex-
tends millions to billions of years into the past. Our 
results imply that the rock surfaces at the MER sites 
have not been exposed low pressure conditions during 
the past 20 million year period of predictable obliquity 
variations, nor have they been exposed to low pressure 
conditions at any time during the past billion years.  
 

If we take the position that the available calcula-
tions of Mars obliquity history are soundly based, then 
we are left with the possibility that our current under-
standing of the response of the Mars climate system to 
obliquity variations must be incomplete. While inter-
esting details associated with the disappearance of 
carbon dioxide gas from the Martian atmosphere dur-
ing periods of low obliquity have been identified [19], 
the conclusion that low obliquity results in low atmos-
pheric pressure seems inescapable. The only parameter 
that can provide some degree wiggle room is the al-
bedo of the residual polar cap. Most climate models 
have assumed that with the cessation of global dust 
storm activity during low obliquity periods, the albedo 
of the cap would increase, resulting in even lower at-
mospheric pressures [3]. However, if the albedo of the 
cap were to somehow decrease substantially during 
periods of low obliquity, then the reduced polar insola-
tion might be offset to some degree by enhanced solar 
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energy absorption efficiency. The potential sensitivity 
of surface pressure variations to albedo is illustrated in 
Fig. 1b. 

If we take the position that the amplitudes of  past 
obliquity variations have been overestimated, then we 
can potentially reconcile both the absence of cm-sized 
impact craters at the MER sites, and the extremely low 
erosion rates inferred at all the Mars surface sites sam-
pled thus far.  Depending on the amount of available 
CO2 at the south residual polar cap, climate models 
suggest periods of enhanced erosion and deposition 
during periods of high obliquity, when global dust 
storms are predicted to rage continuously [3]. In total, 
an absence of dramatic obliquity-driven pressure varia-
tions might make the growing body of lander and 
rover evidence for long term steady state conditions at 
the Martian surface easier to understand.  
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