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     Introduction:  The origins of small (<500 m diame-

ter) impact craters and how to use them as constraints 

on chronology has been the subject of ongoing debates.  

One view is that they are mostly primaries and can be 

used to date terrains to great precision [1, 2]; another 

view is that they are often dominated by distant secon-

daries and possess limited utility for chronology [3, 4]; 

and a third view is that the crater origin can be ignored 

for chronology [5]. The High Resolution Imaging Sci-

ence Experiment (HiRISE) is sampling the Martian 

surface at 25-32 cm/pixel scale [6] and providing much 

new data relevant to this discussion.  These observa-

tions are also providing new constraints on physical 

properties of the bolides, the atmosphere, and surface 

materials, and on both impact and eolian processes.   

New Observations: HiRISE has acquired >1300 

images enabling orbital detection of craters smaller 

than 10 m in diameter and the characterization of new 

morphologic details of larger craters.  First impressions 

from these data are striking.  Craters smaller than 10 m 

diameter are rare over many areas of Mars, but are pre-

sent in high densities in association with rayed craters 

such as Zunil, Zumba, Gratteri, and others [7].  A 

rough estimate from HiRISE image PSP_1564_1520 is 

that Zumba (3.3 km) produced a total of 10
7
 seconda-

ries from 1-10 m diameter.  Asteroidal material strikes 

the Martian atmosphere at v ~10 km/s and may frag-

ment into small pieces, which can ablate and/or impact 

the surface and produce a tight cluster of very small 

craters that can be easily erased by eolian processes [8, 

9].  High-velocity impact ejecta fragments from pri-

mary craters can re-impact the atmosphere at v < 5 

km/s, but the great majority impact at lower velocities.  

The likelihood of atmospheric breakup is proportional 

to v
2
, as a consequence the formation of small seconda-

ries should be much less impeded by the atmosphere 

than small primaries.   

HiRISE Observations of Very Recent Small 

Primary Craters:  Malin et al. [10] reported discovery 

of 20 very recent (2-8 yr old) dark spots that corre-

spond to small impact craters plus associated ejecta and 

blast zones.  The potentially new craters range from 

~10-36 m diameter with one outlier at ~148 m.  19 

other new dark spots did not correspond to impact cra-

ters, or correspond to craters known to exist prior to the 

darkening.  The authors assumed that the darkening of 

20 spots was caused by the actual impact events, and 

presented high-resolution before-and-after MOC im-

ages for two of the craters.  An alternative hypothesis 

for most of the other 38 dark spots is that the darkening 

was due to winds removing a thin layer of dust, a Mar-

tian process that has been known for decades [11].  An 

analogy would be the wind gusts that removed dust 

from the solar panels of the Spirit rover in 2004.  The 

rover darkened, and subsequent high-resolution images 

show a rover that looks pristine at the scale of the im-

age, but that doesn’t mean that a new rover was em-

placed at the time of the darkening.  Results from the 

MER landing sites indicate crater formation often dis-

rupts surfaces in equilibrium with ongoing processes 

and provides an inventory of fine-grained material sen-

sitive to geologically rapid redistribution (into craters 

and other depressions) leading to a return to a stable 

surface [12]. For relatively young craters surrounded 

by some of these accessible fines, threshold events 

triggering eolian transport could  lead to ejection of 

dust and a rapid darkening of the surface around a 

young, but not necessarily newly-formed crater.  

At the time of writing this abstract HiRISE has im-

aged six of these new dark spots (Table 1).   

 PSP_2039_1545 corresponds to the largest of the 

craters at 148 m diameter.  The image shows eolian 

ripples in the crater floor, wind tails behind ejecta 

blocks, and dust devil tracks over the ejecta, so clearly 

there has been eolian activity that could trigger re-

moval of a thin layer of dust since the formation of this 

crater.  There was already reason to doubt that this par-

ticular crater was as young as the others, based on its 

size and lack of blast-zone albedo patterns [13].  An-

other interesting result is that this 148-m crater pro-

duced >10
4
 resolvable (1-10 m) secondary craters.  

PSP_2736_2075 shows a central crater ~17 m di-

ameter surrounded by many small (1-2 m) nearby cra-

ters that must have formed from the primary cratering 

event.  There are radial color patterns in the ejecta and 

no signs of subsequent eolian modification.   

PSP_2764_1800 (Figure 1) shows a central cluster 

of 5 craters from 12-25 m diameter and a few smaller 

craters.  The blast zone of ~4 km diameter consists of 

slopes darkened by ~10
4
-10

5
 very fresh dark slope 

streaks, with resolved topography indicating that these 

are small avalanches.  We speculate that either the at-

mospheric blast or the seismic waves created by the 

impact triggered thousands of simultaneous dust ava-

lanches.  There is no obvious evidence for subsequenct 

eolian modification.   

PSP_3075_2020 shows an ~12 m diameter central 

crater and colorful rayed ejecta, again with no sign of 

eolian modification.  There is also an extensive system 

of secondary craters surrounding the crater in rays ex-

tending several km, with fans of dark material extend-
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ing everywhere radially away from the primary crater 

(Figure 2).  These fans suggest that there was wind 

blowing radially away from the impact center as the 

ejecta fragments landed and kicked up small particles.   

PSP_3101_2065 reveals a ~10 m central crater with 

impressive rayed ejecta and secondaries, but the dark 

materials are streaked to the SE consistent with re-

gional wind streak patterns, so there has been eolian 

modification since formation of this crater.   

PSP_3172_1870 shows a remarkable dense swarm 

of ~10
3
 craters ranging from 1-15 m diameter (Figure 

3).  There is a large dark wind streak extending NW 

from this dark swarm, following the regional wind 

streak pattern.  

One more crater of similar appearance is located in 

PSP_2183_1970 at 17 N, 246.4 E.  This 70-m crater 

and its ~7-km wide blast zone do not show obvious 

signs of eolian modification, yet was present in Viking 

Orbiter images and must be at least 30 yrs old.  Dust 

must have settled over this area in the intervening dec-

ades but has been episodically removed by strong 

winds.  This crater produced an immense number 

(~10
6
) of barely-resolved secondary craters.  

In summary, 3 of the 6 putative new craters imaged 

so far by HiRISE show signs of eolian modification, 

and one >30 yr old crater does not.  Clearly monitoring 

these features over many years is needed to understand 

and calibrate eolian modification over time and 

whether or not such features gradually lighten from 

dust desposition but may reappear following episodic 

strong winds.  High-resolution monitoring that actually 

resolves small craters will provide more definitive con-

straints on the current cratering rate.   

While awaiting more definitive results, let’s assume 

that the derived cratering rate of [10] is correct to 

within an order of magnitude for primaries over the 

past decade.  It is uncertain whether this rate is repre-

sentative of the primary cratering rate over the 10
4
-10

9
 

yr timeframes relevant to dating geologically recent 

terrains on Mars.  Moreover, there is another constraint 

to consider: the set of relatively large (10-30 km) Mar-

tian primary craters that produced up to 10
9
 secondaries 

[15] yet have very few craters superimposed over their 

floors or continuous ejecta blankets [3, 4].   Clearly any 

superimposed craters can’t be older than the seconda-

ries  and are unlikely to have been preferentially erased 

by eolian processes.  Also, small-scale primary mor-

phologies of these craters have not been eroded and 

severely modified.  Constraints on the ages of these 

craters can be based on either the superimposed small 

craters or the statistics of the craters themselves, using 

the same widely-used production functions [1, 5].  The 

result is that the few superimposed small craters point 

to ages ~10
2
 times younger than from the larger craters 

themselves.  A better way to state this is that the prob-

ability these craters could be so young, if we believe 

the production functions for large craters, is ~ 1 in 100.   

What hypotheses can satisfy both a high primary 

cratering rate over the past decade and the constraint 

from small craters on large well-preserved craters?   

One possibility is that the production functions are 10
2
 

times too low for the large craters, but this is disproven 

by what we know about lunar cratering and asteroid 

dynamics.   Another possibility is that the cratering rate 

from small primaries is not constant over time, and has 

been unusually high over the past decade.  There is 

evidence for spikes in the primary cratering rate from 

dating of lunar impact spherules [16,17].  But both the 

current cratering rate and counts of small craters on 

larger, young craters need more analysis, which could 

reduce the discrepancy.  
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Table 1 HiRISE Images of Potential MGS-era Im-

pact Sites 

Images  Coordinates 

PSP_2039_1545; 

PSP_2461_1545 

40.8 N, 99.5 E 

PSP_2736_2075 27.3 N, 268.3 E 

PSP_2764_1800 0.0, 226.9 E 

PSP_3075_2020 22.0 N, 14.6 E 

PSP_3101_2065 26.2 N, 23.6 E 

PSP_3172_1870 7.0 N, 247.9 E 
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Figure 1.  Portions of image PSP_2764_1800. 

 
Figure 2.  Portions of image PSP_3075_2020.  
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Figure 3.  Portions of image 3172_1870.  
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