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Introduction: The accumulation of craters on
a planetary surface can be exploited to determine
relative ages of areas of geologic interest. Assign-
ing absolute ages requires information about the
impactor flux rate relative to the Moon for which
we have radiometrically dated samples to corre-
late with crater densities [1]. The size-frequency
distribution can be described by a power-law,
however deviations from the power-law occur
through various process which, in general, pref-
erentially alter smaller diameter craters. There-
fore interpreting populations of small craters is
challenging. The superior resolution of HiRISE
[2] has provided the ability to analyze crater pop-
ulations with diameters D < 100 m and thus the
potential for dating very young surfaces and iso-
lating smaller regions of interest. Factors shaping
crater populations at these diameters is not well
understood. In an initial step towards disentan-
gling these factors, we look at the potential influ-
ence of present-day atmospheric filtering.

Primary Crater Production: The formation
of new craters has been observed by MOC
and HiRISE over the last decade [3]. The 19
fresh craters originally reported [4] were found
to be consistent with predicted modeled size-
frequency distributions (isochrons) [1] (Fig. 1). A
significant deficit of the smallest observed craters
(D ∼ 10 m) however, remains unexplained
[5]. The population of fresh craters and the
Hartmann isochrons are also consistent with the
observed annual meteoroid influx rate for Earth
[6] which are converted to equivalent Martian
craters using gravity and strength scaling [7] in
Fig 1.

The production function of small craters
remains contentious. Whether craters of this
size are dominated by primary or secondary
craters and what role secondaries play in shap-
ing the production function remains debatable
(e.g.[8][9]). Craters at these sizes will also be
more susceptible to modification and atmo-
spheric filtering imparting downward curvature
to the production function [10][11].

There is a definite need to improve current
isochron models for craters D < 100 m. While
existing isochron models generally agree for km-
scale craters, discrepancies between models in-
crease to an order of magnitude for meters-scale
craters [1][12]. From our analysis of HiRISE im-

Figure 1: Population of new impact craters from
[4] with model isochrons [1]. Red lines are de-
rived from the observed annual flux of small
near-Earth objects entering the terrestrial atmo-
sphere [6] scaled by a factor of 6.8 for the observa-
tion time in years and 2.6, the nominal ratio of the
Martian and lunar impact rate. Dash-Dot includes
a transition to strength scaling [7] and Dashed an
additional atmosphere model.

ages of a portion of the proximal ejecta of Zunil,
we find that the crater population falls close to
the 1 Myr isochron of Hartmann [1]. Using the
Neukum production function [12], we obtain an
age consistent with that reported by Kreslavsky
[13] of 190 kyr, an apparent age discrepancy of an
order of magnitude for this range of crater diam-
eters.

Modeling: As a first step in interpreting the
small crater population, we have developed a
Monte Carlo simulation to tie the observed pro-
jectile production function in the terrestrial atmo-
sphere to the observed fresh craters on Mars. We
present a preliminary simulation to highlight the
dependence of mass and velocity on deceleration
and ablation (Fig 2). The projectiles have a diam-
eter range of .01− 10 m with the observed terres-
trial meteoroid distribution [6] and initial veloci-
ties 5− 30 km s−1 with a probability distribution
estimated for Mars given by [14][15].

Smaller, faster objects are more readily filtered
out by the atmosphere. The condition for signifi-
cant deceleration can be estimated to occur when
the initial meteoroid mass, mi, is equivalent to
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Figure 2: (A) General classes of projectiles based on initial mass and velocity. (B-C) Scatter plots from
Monte Carlo simulation with bivariate distribution of velocities and projectile diameters (10 cm to 1 m)
for σ = 1 × 10−8 kg J−1. (B) Resulting crater diameters with an atmosphere (Dcf ) versus without (Dci)
with the extreme slow, fast, small, and large projectiles denoted. (C) Initial (vi), and final (vf ) velocity color
coded to represent the general classes of projectiles as defined in (A). (D) The corresponding probability
distributions.

the column of atmospheric mass it encounters,
∼ρ◦HA, where ρ◦ is atmosphere surface density,
H is the scale height, A is the cross-sectional area.
Ablation is more efficient at higher velocities as
the ablative energy is proportional to the prod-
uct of the drag force and the traversed distance.
The energy required to ablate the entire mete-
oroid is ∼miσ

−1, where σ is the ablation coeffi-
cient (e.g. [14]) and σ−1 is proportional to the
heat of ablation (units J/kg). The transition to
a high ablation regime will occur when the en-
ergy required to traverse the atmosphere to the
surface, ρ◦HA · v2

i , exceeds ∼miσ
−1, where vi is

the initial velocity. Using these criteria, we can
classify the projectiles based on velocity and mass
(Fig 2A). For large, slow projectiles, mf ∼ mi and
vf ∼ vi and the projectile will reach the surface
relatively unchanged. For smaller, slow objects
where mi < ρ◦HA, and dm/dt ∼ 0, the final ve-
locity will be the initial velocity multiplied by a
factor. Fast meteors, defined as having high ini-
tial velocities where v2

i > σ−1, will experience
significant ablation, mf < e−1mi. Large, fast me-
teors will survive complete ablation if miσ

−1 <
ρ◦HA · v2

i , where the ablation will be limited by
deceleration. These projectiles define the wedge
shaped region in Fig 2A.

Results of a Monte Carlo simulation of 107 pro-
jectiles is shown in scatter plots in Fig 2 com-
paring the resulting crater diameters and veloc-
ities for each event with and without an atmo-
sphere. In Fig 2C, we assigned each projectile a
color based on the general classes of Fast/Slow
and Small/Large projectiles to demonstrate the
influence the atmosphere has on the projectiles.
The resulting crater distribution is shown in Fig
2D.

Conclusion: From these early results we can
see that the ablation and deceleration of projec-
tiles in the present-day Martian atmosphere can
have a significant influence on the distribution
of the small craters D . 5 − 10 m. It remains
to be seen whether the 10 − 100 m crater pop-
ulation forms a predictable production function
that can be reliably used to ascertain chronomet-
ric information on young surfaces (∼107 yrs and
younger) and whether smaller, meter-scale crater
formation rates can be understood and utilized
for the same purpose. Fragmentation of mete-
oroids further complicates the picture. And yet
there is a critical need in Mars science for such
capability as the landforms most crucial in un-
derstanding recent geology and climatic history,
such as gullies, debris aprons, Amazonian lava
flows, outflow channels, exhumed surfaces, and
glaciers, have small surface areas and therefore
only offer small craters for dating.
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