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Introduction: Ongoing impacts on Mars are tests of 
chronology models, probes of the subsurface, and ex-
ploration hazards that must be better understood. 

New martian craters are currently being detected 
using a combination of medium-resolution imaging 
(Context Camera (CTX) [1], THEMIS [2], MOC [3], 
HRSC [4], etc.), followed by high-resolution imaging 
(HiRISE [5]). The initial images bracket the time of 
impact, providing definitive before- and after-images 
and a time frame for crater formation. 

As of April 2012, 236 dated impacts have been dis-
covered [Fig. 1]. These sites are biased to the dustiest 
regions of Mars, because their detection in lower-
resolution images depends on the removal or distur-
bance of a broad area of high-albedo dust in the blast 
zone. Polar areas are also underrepresented due to 
yearly “repainting” of those areas by the seasonal cap. 
Some of these new craters have exposed shallow sub-
surface water ice at mid-latitudes [6].  

Ongoing discoveries from new impacts:  
Current impact flux: We can measure the size-

frequency distribution of currently forming craters in 
order to partially validate chronology models [7]. This 
will help us to understand the global implications of 
radiometric ages from eventual sample return. The 
current martian impact flux can also be compared to 
that at the Moon [8], testing various models that use 
theoretical Moon-Mars ratios to extend lunar chro-
nologies to Mars and other planetary surfaces.  

New impact timing data are nearly adequate to de-
tect a possible aphelion enhancement in impact rates 
[9], although better statistics and tighter timing con-
straints are needed to conclude whether such a varia-
tion is in fact present. Understanding impact hazards as 
a function of season would be important for long-term 
landed missions over multiple martian years.  

Shallow subsurface and fresh crater properties: 
New impacts are revealing the depth, spatial extent, 
abundance, and purity of ground ice [6, 10, 11]. This is 
important for in-situ resource utilization, biologic po-
tential, and planetary protection issues. 

The morphology of new impacts and their blast 
zones reveal target material properties. For example, 
high depth/diameter ratios [12] and lack of ejecta may 
be evidence of impacts into a porous surface. “Nested” 
craters reveal subsurface layers of differing strength 
[13]. The spatial distribution of craters in clusters indi-
cates impactor properties, including the presence of 
some lower-density, possibly cometary, impactors 

[14]. The breakup process itself is a function of the 
density and structure of the atmosphere.  

Future studies of new impacts: More complete 
statistics over longer time periods will clarify many of 
the above issues, as well as prompting study of new 
areas. Future missions must consider replacements for, 
and improvements on, current resources such as MRO. 
If new impact markings could be detected over all of 
the martian surface (not just heavily dust-covered ar-
eas), we would expect to find more than ~100 new 
impact sites every Earth year. It would be especially 
useful to extend coverage in the southern hemisphere 
where data are currently very sparse [Fig. 1], and 
where shallow ice should also be present in the high 
and mid-latitudes.  

Modification processes and timescales: Long-term 
changes in new craters and their blast zones will show 
how the martian surface in various regions is modified 
over time: albedo changes caused by dust redistribu-
tion, infill of small craters, and modifications to their 
fresh shapes. These changes might not be linear over 
time, so studying the earliest modification of the fresh-
est, dated features would be important in order to com-
pare modification of older features in the same size 
range. Measuring these changes would allow us to 
estimate ages of older craters in the same size range, 
extending the validation of chronology models using 
small craters to older surfaces. 

Target properties: With good statistics of new cra-
ters in ice-rich areas at high latitudes, we could exam-
ine the effect of volatile content on craters’ SFD. This 
is relevant for understanding general target effects as 
well as the cratering record and age of the polar lay-
ered deposits.  

Seismic detections: New impact detection would be 
critical in conjunction with future seismic stations (e.g. 
the SEIS instrument on the proposed InSight mission 
[15] or the planned Russian Mars-Net [16]). InSight 
will be able to detect the signal from impacts creating 
meter-sized craters at a distance of 400 km with 
SNR>3 [15]. Structure inversion using single-station 
seismic analysis requires additional information, such 
as knowledge of the impact location [15], making an 
orbiting camera with medium-resolution capabilities 
extremely valuable. Follow-up high-resolution imaging 
would yield the exact size of the impact that created 
the measured signal, calibrating the seismic analysis. 
The resulting seismic velocity models would lead to 
better understanding of subsurface structure and mate-
rial properties. 
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Exploration hazards: It is essential to characterize 
the frequency, sizes, and timing of impact threats to 
human and robotic orbital and landed exploration. This 
is relevant to both the martian surface and 
Phobos/Deimos system. Our current understanding of 
most impact hazards is based on lunar exploration; 
however, these hazards will differ on Mars. The 
atmosphere shields the surface from very small 
impactors, yet also breaks up impactors into smaller 
fragments, creating many more individual projectiles. 
The impact itself raises significant amounts of dust and 
triggers localized dust avalanches [17]. The details of 
these effects and frequency of their occurrence are not 
yet well-understood.  Note that the impact hazard at 
Phobos or Deimos may be higher than at the Moon, 
and is certainly higher than on Mars’ surface due to 
atmospheric shielding. Another possible use of these 
craters is constraining the micrometeorite flux above 
the atmosphere for long-term orbital platforms or  
exploration of the satellite system. 

Requirements for monitoring for new impacts: 
Finding new craters efficiently requires systematic 
repeat imaging at moderate resolution (15-20 me-
ters/pixel in order to resolve a new dark spot; Fig. 2). 
A high signal-to-noise ratio is preferable for finding 
these new impact markings, especially at higher lati-
tudes. Color helps distinguish blast zones, especially in 
non-dusty areas where we are currently lacking data. 
High-resolution follow-up imaging (<1 m/pixel) is 
needed to measure most of the craters. The areas dark-
ened by the blast around new meter-scale craters are 
10-100 times as large as the craters themselves [18] 
[Fig. 2]. However, the size of the dark area does not 
vary systematically with crater size [18], so the blast 
zones alone cannot be used to determine the SFD. 
Thus, moderate-resolution images can show that an 
impact occurred by detecting the dark spot, but accu-
rate measurements of the craters are required for SFD 
analysis, target and impactor properties, and compari-
son to seismic signals. This follow-up is time-critical 
for confirmation and measurement of rapidly sublimat-
ing ice at relatively low-latitude sites [11]. The ability 
to point off-nadir would make repeat medium-
resolution imaging more efficient, and is required for 
high-resolution follow-up imaging. 

The number of new detections will depend strongly 
on downlink data rate [9], so Ka-band downlink is de-
sirable, and a successful optical communications ex-
periment [e.g. 19] would increase the scientific results 
significantly. An alternative would be an on-board 
processing system to identify changes, or a hybrid sys-
tem where low-resolution browse images are examined 
on the ground and potentially interesting locations are 
then chosen for playback at full resolution.   

Fig. 1: 236 new, dated impact locations plotted on 
global map of TES dust cover index [20]. Discoveries 
are primarily being made in areas of high dust cover. 

Fig. 2: HiRISE observation ESP_023426_1835 of new 
impact site at (a) 0.25 meters/pixel, (b) resampled to 4 
m/px, (c) 16 m/px, and (d) 32 m/px. The largest craters 
in the cluster are ~5 meters in diameter; the dark blast 
zone is ~160x70 m. Detecting individual craters in the 
cluster, let alone measuring diameters, is not possible 
at 4m/px. Detection of even the extended blast zone 
becomes uncertain at lower resolution; color contrast 
and high SNR help. 
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