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Introduction:  Impact crater clusters or crater 

strewn fields from primary impacts are found in MOC 
[1, 2], CTX, and HiRISE images [3, 4]. We present the 
analysis of new data on small craters and crater clus-
ters accumulated by the HiRISE team for the first 
10,000 orbits of MRO.  

New Craters on Mars:  Repetitive imaging of 
Mars by various spacecraft revealed 20 potential 
“new” impact sites [2]: impact craters with docu-
mented time periods of formation, assuming that the 
appearances of dark spots correspond to crater forma-
tion. During the first ~6,000 orbits HiRISE was tar-
geted to the same sites and confirmed 19 of these as 
pristine impact locations. By late 2008 data from 
~10,000 MRO orbits had been released and processed 
increasing the number of recognized “new” craters by 
a factor of 2.   As of 7 Jan 2009 70 new impact sites 
have been discovered (mostly by CTX) and confirmed 
by HiRISE.   

Crater location.  Most of “new” impact sites are 
located in the same dusty areas where the primary 
MOC collection [2] had been gathered. 2 impact sites 
are located well beyond the MOC collection area. The 
most interesting is the most South-ward impact site in 
Hellas (PSP007596_1295, 50.2N, 70.1E) ~6.36 km 
below zero topographic level (Fig.1).  

Crater type.  For the first 19 very recent impact 
sites a single crater or one major crater formed in 
~65% of impacts (12 of 19 cases). Prominent multiple 
clusters (5 of 19) and “overpopulated” clusters (2 of 
19) account for ~35 % (7 of 19) of impacts. In the ex-
tended “10,000 orbits” database a single crater or one 
major crater formed in ~53% (21 of 40) and prominent 
strewn fields are observed in ~47% (19 of 40) cases. 

Cluster characteristics:  We measure the diame-
ters of all detected craters in each cluster and use the 
value of Deff=(ΣDi

3)1/3 as an approximate measure of 
an effective crater that would be created by a non-
dispersed projectile. We measure separation distances 
of crater centers relative to the major crater (if it ex-
ists) or to the centre of gravity of a fragment swarm 
(assuming that impacted fragment masses are propor-
tional to D3). The spatial distribution of craters is used 
to estimate the possible range of trajectory inclina-
tions. 

Crater positions are projected to the plane perpen-
dicular to the trajectory (PPT); in the PPT plane the 
cross-sections of a meteoroid’s fragment cone should 

be circles with radii determined by the initial lateral 
velocity of fragments at the breakup point and the 
flight time after breakup.  

Altitude dependence.  General cluster characteris-
tics are compared for the range of altitudes above the 
global topographic zero. The number of craters with 
D>2m in each cluster increases with increasing altitude 
(Fig. 2).  In ~30 cases we can estimate the incidence 
angle (accuracy of ~±5o) and, consequently, normalize 
the spread of craters in a cluster for direct comparison 
of projectile properties (density and strength via brea-
kup altitude and the assumed velocity). 

Size-frequency distribution:  We presented typi-
cal size-frequency distributions of craters in individual 
impact sites in a previous abstract [3]. The expanded 
collection allows us to construct the SFD of impact 
craters under the Martian atmosphere with a simple 
correction for atmospheric breakup. In a straightfor-
ward way we derive Deff for each impact. The resulting 
R-plot (Fig. 3) is an increasing function of Deff, proba-
bly because the discovery of smaller new impact sites 
in incomplete. 

Meanwhile, for older terrains where strewn fields 
(50% of impacts) overlap, it is impossible to recognize 
single and multiple impact events, except for very 
young terrains by cluster analysis [5]. For comparison 
we present the SFD assuming for all craters within the 
40 (analyzed to date) “new” sites (Fig.3). This SFD is 
pretty flat in the R-plot, and may be used for direct 
estimates of the crater accumulation time. 

Projectile density and strength:  Tentatively we 
explain large dispersion of craters in a cluster with the 
model of cascade fragmentation [4, 6]. Consequent 
breakup of fragments with separation velocity, vT, ran-
domly directed in PPT, results in the increase of the 
final cluster width approximately ~n0.5 after n breakup 
episodes. With this model we estimate the effective 
separation distance 2r1 for a single breakup in two 
equal fragments.. The effective radius  r1 of a strewn 
field in PPT scaled to the vertical impact as r1×sinθ (θ 
is the impact angle) allow us to estimate a combination 
of strength and density  

ξ =
ρ0v

2

σ
 

where ρ0 is atmospheric density at zero altitude T=0, v 
and σ are the velocity and stagnation pressure 
(“strength”) at the breakup point. For ζ =const the ef-
fective separation of a pair of equal fragments is 
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The maximum possible separation occurs for  
ζmax = exp(1+T/2 Hscl),                                 (2) 

Eq. 1 using ζmax (Eq. 2) is illustrated in Fig.4 for a 
range of projectile densities. The majority of cases are 
consistent with relatively dense projectiles with ρm ≥ 
2000 kg m-3. In a few cases the model results in densi-
ty estimates down to ~500 kg m-3, perhaps from com-
ets.  Modeling with ablation demands unusually low 
ablation coefficients, suggesting an unknown type of 
porous refractory projectiles. The nature of the projec-
tiles that created most of the wide clusters is still under 
discussion. 
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Fig. 1. Central part of the lowest elevation (-6km be-
low zero) impact crater cluster in Hellas. 
PSP007596_1295, 50.2N, 70.1E, North is left. 

 

Fig. 2. Number of craters with D>2m in clusters 
formed at various altitudes. The visible trend is the 
decrease of N(>2m) when the fragment swarm pene-
trates a thicker atmosphere. 

 
Fig. 3. R-plot of “new” craters (diamonds) based on 
their effective diameters Deff=(ΣDi

3)1/3 for clusters in 
comparison with the size-frequency distribution of all 
individually recognizable craters (triangles). Black 
upward triangles are for all “new” impacts; open 
downward triangles show the R-plot after excluding 
the two most populated clusters. 

 
Fig.4. Maximum possible effective strewn field width, 
r1, scaled to the vertical impact case (r1×sinθ) vs. im-
pact site elevation. Processed data from observations 
are presented with red squares for the average cluster 
width cross-range to the trajectory (y-direction) and 
with red circles for the model fit in x-y of the PPT 
plane. Black stars demonstrate observed single craters. 
Solid and dashed curves show maximum (for the given 
elevation) separation for two equal fragments at indi-
cated bolide densities (ρm) with transversal velocity of 
separation vT=cT (ρa/ρm)0.5 for theoretically justified 
cT=0.9 [6]. 
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