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Introduction: Recent claims about high-precision 

dating of young surfaces based on small craters [e.g. 1-
6] may be unsubstantiated. Our new work on the cur-
rent production function (PF) of small martian craters 
(diameters, D, of a few to ~30 m) shows that the cur-
rent bombardment rate is significantly lower than 
models predict [7], and uncertainties in cratering ages 
persist. If our measured PF is also valid for older ages, 
surfaces with reportedly “young” model ages may be 
an order of magnitude older. 

Small crater production function: Now that we 
have very high-resolution images of Mars from the 
HiRISE camera [8, 9] (0.25 m/pixel), it’s tempting to 
extend crater counts down to the limit of HiRISE reso-
lution. However, martian chronology models [e.g. 10, 
11] were originally based on larger lunar craters that 
accumulated over billions of years, so their applicabil-
ity to small martian craters requires a number of esti-
mates, assumptions, and extrapolations. 

Current Martian PF: We have found over 250 
dated impacts that formed on Mars within the last few 
decades [7, 12-17], which we have used to measure the 
current impact rate. When we restrict the data to a set 
of fully searched images with consistent resolution 
(those impacts constrained by before- and after-images 
taken by the Context Camera (CTX) [20]), we still 
have 44 CTX-detected impact sites. To get a one-year 
PF, we scale their size-frequency distribution (SFD) to 
an area-time function (ATF), which is the sum of dusty 
areas imaged repeatedly by CTX, multiplied by the 
time elapsed between repeat images at that spot. We 
measure a current cumulative impact rate of 1.65×10-6 
craters with an effective D≥3.9 m/km2/yr, with a best-
fit slope (power-law exponent) of -1.8 ± 0.2 [7] (Fig. 
1). When we apply standard chronology models, the 
new impacts have a model “age” that are factors of 
four and 14 below the Hartmann [11] and Neu-
kum/Ivanov [10, 23] one-year isochrons, respectively. 
This implies that applying those standard models to 
other crater populations at these diameters would result 
in model ages that were 4-14 times too young. 

Uncertainties due to orbital eccentricity: The cur-
rent eccentricity of the martian orbit (e~0.09) is large 
in comparison with the long-term (> a few My) aver-
age value of e~0.05 [21, 22]. At higher eccentricity, 
impact velocities are higher and there are more Mars-
crossing asteroids (i.e. potential impactors). When 
these effects are modeled, the long-term averaged 
cratering rate is a factor of ~2 less than the modern rate 
[23]. If this is the case, the discrepancy between ages 
derived from the present-day impact rate and model 

PFs increases by another factor of two, to a factor of 
eight (Hartmann model) to ~30 (Neukum/Ivanov mod-
el) for D<50 m craters. 

Uncertainties due to atmospheric breakup: More 
than half of new impacts we have found form clusters, 
where the impactor fragmented in the martian atmos-
phere before impacting the surface. Without empirical 
knowledge that a given set of craters formed in the 
same impact, those individual craters within the cluster 
could be mistaken for separate impacts and counted 
separately, instead of using an effective diameter (di-
ameter of the crater that would have formed if the im-
pactor had not broken up) for the single impact event. 
This could easily happen on an older surface, for ex-
ample, where the dark “blast zone” surrounding the 
impact has faded away, or on non-dusty surfaces of 
any age, where blast zones do not form. The crater 
SFD that results from this misinterpretation is steeper 
and gives an apparently older model age (Fig. 2). The 
differential slope of the SFD is steepened from -2.5 
(D>3.9m) to -3.1 ± 0.1 (1.9m ≤ D ≤ 12m), and the ap-
parent impact rate is increased more than a factor of 
two, from to 0.25 to 0.58 times Hartmann’s one-year 
prediction [7]. This is yet another reason caution 
should be used when determining model ages using 
craters smaller than a few tens of meters in diameter. 

Uncertainties in the historical bombardment rate: 
We don’t know if the present cratering rate is represen-
tative of geologic time. Extending our shallower PF to 
larger diameters results in a higher impact rate than 
that predicted by both models. If such an extrapolation 
is valid, then we may be in the midst of a short-term 
spike in the cratering rate, and model ages based on 
larger craters may actually be younger.  

Discussion: Given all these uncertainties, ages 
based on craters smaller than ~50 meters in diameter 
should be treated with skepticism. In addition to the 
issues discussed here, uncertainties of factors of 2-4 
have been cited by the authors of the chronology mod-
els [11, 24], with even larger uncertainties for ages 
based on small craters. 

Recent or active landscapes lack large craters be-
cause not enough time has passed for them to accumu-
late in significant numbers, unlike small craters that 
accumulate relatively rapidly. Thus we would like to 
be able to use small craters to date surfaces that may 
have been affected by recent climate change. It would 
be very attractive to be able to link ice-related geologic 
features to specific periods in the history of Mars, es-
pecially “ice ages” [26] when orbital obliquities were 
>~30° and high polar insolation led to sublimation of 
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polar ice and accumulation in lower latitudes [e.g. 25, 
27]. This has been attempted using counts of small 
craters [e.g. 1-6]. However, even a conservative factor 
of two uncertainty in the age of a surface dated with 
small craters makes comparisons with models of his-
torical obliquity nearly useless. For example, we would 
like to know when formation of mid-latitude debris 
mantle ceased, assuming it forms when obliquity ex-
ceeds some value. If its crater age date is 500 ky, then 
the putative answer is ~30°. However, a factor of two 
uncertainty in age dating means the true age of a sur-
face with that model age could be between 0.25-1 My. 
The obliquity at the actual ending time of its formation 
could be anywhere from ~15-35° (Fig. 3). 

Conclusion: Cratering chronology models are the 
most widely used method for estimating ages of sur-
faces. However, even with dated samples from known 
locations on Mars, these models will remain imperfect. 
Understanding the true production function for small 
craters, and its evolution over time, is critical to under-
standing recent martian climate change. Although we 
are making significant progress by actually measuring 
the current small crater production rate, the uncertain-
ties are still large enough that correlations with short-
term orbital variations should not be attempted. Thus 
this approach should not be used to argue for the ro-
bustness of climate modeling on Mars [28]. 
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Fig. 1: Current one-
year martian produc-
tion function meas-
ured using 44 new 
dated impact sites 
constrained by CTX 
images. SFD uses 
√2D bins and is scaled 
to the area-time func-
tion (ATF). Effective 
diameters were calcu-
lated for clusters as 
Deff = (ΣiDi

3)1/3 [12, 
29]. Light gray line is 
the one-year Hart-
mann PF [11] using 
the chronology func-
tion from [11] as de-
rived by Gregory 
Michael (pers. comm.). Also shown is the cumulative model 
age for the new impacts using the Hartmann [11] model for 
D>3.9m. Plots created with the Craterstats2 program [30]. 
 
 
Fig. 2: Cumulative 
SFD for comparison 
with PF effective 
diameters (dots) pre-
sented in Fig. 1, but 
treating individual 
craters in a cluster as 
separate impacts (tri-
angles). The one-year 
production function of 
[11] is also shown. 
 

 
 
 
 
Fig. 3: Martian obliquity variation over the past 6 
My [22]. Periods of mid-latitude ice accumulation 
when obliquity >30° (“ice ages”) shown in gray 
after [26]. Time-averaged obliquities are plotted 
for several hypothetical factors of uncertainty (u) 
in ages. At each time t, the mean of obliquity val-
ues from t×u to t/u is plotted. This illustrates that a 
connection between the age of an uncertainly-
dated surface and a specific obliquity era is tenu-
ous. 
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