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Introduction:  The Catalog of Large Martian Im-

pact Craters was originally produced from the Viking 
1:2,000,000 photomosaics and contains location, pre-
servational, and morphologic information on 42,283 
craters generally ≥5-km-diameter across the entire 
martian surface.  The Catalog (Catalog 1.0) is being 
revised utilizing Mars Global Surveyor (MGS) (Mars 
Orbiter Camera (MOC), Mars Orbiter Laser Altimeter 
(MOLA), and Thermal Emission Spectrometer (TES)) 
and Mars Odyssey (Thermal Emission Imaging System 
(THEMIS)) data [1].  The revised Catalog (Catalog 
2.0) includes: 

• New crater ID numbers based on latitude and 
longitude of crater center. 

• Revised latitude and longitude values for the 
crater center, based on the MOLA-derived 
MDIM 2.1. 

• Revision of crater diameter, ejecta morphol-
ogy, and interior morphology information. 

• Inclusion of USGS stratigraphic units. 
• New numeric preservational system based on 

crater morphometric characteristics, morphol-
ogy, and thermal inertia [2]. 

• Morphometric data, including crater depth, rim 
height, central peak height, central pit depth, 
etc. 

• Ejecta characteristics, including ejecta mobil-
ity ratio and lobateness [3, 4] 

• Thermal inertia and mineralogy of surrounding 
terrain. 

Comparison Between Catalogs 1.0 and 2.0:  
Catalog 2.0 is currently complete for 10,029 craters 
≥5-km-diameter in the northerm hemisphere.  The only 
sections in the northerm hemisphere which remain to 
be completed are the MC01, MC12, MC13NW, 
MC13SW, and MC15SE quadrangles.  We estimate 
that the present 10,029 craters represent approximately 
75% of all craters in the northern hemisphere.  There-
fore a sufficient number of craters are contained in 
Catalog 2.0 to begin to look at general characteristics 
and compare them to our previous Viking-based analy-
ses [5, 6]. 

Crater morphologic analysis is improved with the 
Catalog 2.0 data for two reasons.  First, the improved 
image resolutions and clarity provided by MOC and 
THEMIS and the new insights into topography (from 
MOLA) and thermophysical properties (from TES and 
THEMIS) allow us to better characterize the ejecta and 

interior morphologies associated with martian impact 
craters.  Second, Catalog 1.0 only included morphol-
ogic classifications if the crater displayed both an 
ejecta and interior morphology.  Catalog 2.0 classifies 
ejecta and interior morphologies of all craters even if 
the crater only displays an ejecta or an interior struc-
ture. 

Catalog 1.0 is considered complete for craters ≥5-
km-diameter.  Approximately 8% of all craters in 
Catalog 1.0 are smaller than 5 km.  Catalog 2.0 re-
moves all craters <5-km-diameter to discourage use of 
this incomplete dataset by others.  Craters missed in 
the compilation of Catalog 1.0 (usually because of 
poor resolution/clarity of the Viking images) are being 
added to Catalog 2.0.  To date, ~18% of the craters in 
Catalog 2.0 are new additions. 

Craters displaying some type of ejecta morphology 
comprised ~34% of the northern hemisphere craters in 
Catalog 1.0.  The improved resolutions of MGS and 
Odyssey data have allowed us to identify craters which 
were not classified with an ejecta structure in the origi-
nal Catalog.  According to the data in Catalog 2.0, 
44% of the craters retain a classifiable ejecta morphol-
ogy.  Similarly, the percentage of craters exhibiting an 
interior morphology has increased from 10% in Cata-
log 1.0 to 41% in Catalog 2.0. 

Ejecta Morphologies:  Ejecta morphologies are 
classified in Catalog 2.0 according to the nomencla-
ture system recommended by the Mars Crater Consor-
tium [7].  Table 1 compares the percentage of craters 
with a specific ejecta morphology relative to all craters 
displaying any type of ejecta morphology from ver-
sions 1.0 and 2.0 of the Catalog.  Figure 1 shows ex-
amples of the three most common ejecta morpholo-
gies:  the single layer, double layer, and multiple layer 
morphologies. 

Table 1:  Ejecta Morphology Comparison 
Ejecta Type % (v. 1.0) % (v. 2.0) 

Single Layer 76.7 50.2 
Double Layer 15.1 23.3 
Multiple Layer 5.2 18.4 
Pedestal 0.3 0.8 
Pancake 0.2 4.7 
Radial 1.3 0.6 
Layered+Radial 1.1 2.0 
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The current results are consistent with previous 

studies [3,5,6,8] which find that most craters with an 
ejecta morphology display the single layer ejecta 
(SLE).  However, the improved insights provided by 
the new datasets reveals that many of the previously 
classified SLE craters actually display another type of 
ejecta morphology, dropping the percentage of SLE 
ejecta craters in the northern hemisphere from ~77% to 
~50%.  Many of these have been reclassified as double 
layer ejecta (DLE) or multiple layer ejecta (MLE) be-
cause the additional ejecta layers were not clearly 
identifiable in the Viking data.   

Very fresh craters on Mars often exhibit a ther-
mally distinct, very thin outer scour zone beyond the 
edge of the layered ejecta deposit.  This zone is 
quickly obliterated by modification processes, allow-
ing its use in identifying the youngest martian impact 
craters.  We are presently conducting a study to deter-
mine if specific surface units (composition, thermal 
inertia, etc.) enhance the production and retention of 
this scour zone.  This zone is consistent with models 
invoking the formation of atmospheric vortices during 
crater formation [9,10] or a base surge [11]. 

The current analysis supports previous results 
which find a strong latitudinal dependence in the dis-
tribution of DLE craters.  While DLE craters are seen 
in other regions, the majority are found poleward of 
35°N (Fig. 2).  DLE craters display unique morphol-
ogic characteristics [11] as well as the latitudinal de-
pendence, indicating that target properties strongly 
influence the formation of this ejecta type. 
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Figure 1:  Examples of single 
layer (upper left), double layer 
(upper right), and multiple 
layer (left) ejecta morphology 
craters. 

Figure 2:  Latitudinal variation in the percentage of 
ejecta craters showing a SLE, DLE, or MLE morphol-
ogy. 
 

Multiple layer ejecta craters are concentrated at 
lower latitudes (Fig. 2) and generally are larger craters 
than craters displaying the SLE or DLE morphologies 
(Table 2).  However, we have identified craters as 
small as 5.4 km displaying a MLE morphology, much 
smaller than previously reported.  The expansion of 
the size range of MLE to smaller craters provides addi-
tional constraints on the conditions under which the 
MLE morphology forms (atmospheric versus subsur-
face volatiles, particularly liquid).   

Table 2:  Diameter vs Ejecta 

  #  

Min. 
D 

(km) 

Max 
D 

(km) 

Ave. 
D 

(km) 
SLE 1846 5.0 41.6 8.47 
DLE 1031 5.0 115.5 9.55 
MLE 809 5.4 107.0 17.34 
Radial 25 5.1 223.7 57.16 
SLE + 
Radial 19 5.2 26.2 8.23 
MLE + 
Radial 56 7.8 90.7 29.37 

  The radial ejecta morphology, composed of linear 
arrays of secondary craters with no layered ejecta blan-
ket (Fig. 3), is primarily associated with larger craters 
(Table 2), although small craters below the onset di-
ameter for layered ejecta morphologies can also dis-
play this morphology.  The latter however are gener-
ally below the lower diameter limit of the Catalog.  
Combination morphologies displaying secondary cra-
ter chains beyond the layered ejecta deposit are most 
common at larger crater diameters although smaller 
craters can also show this structure (Table 2).  The 
latter provide constraints on the thickness of overlying 
regolith—thicker regolith inhibits the formation of 
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secondaries around smaller craters [12].  Once again, 
the improved resolutions of MOC and THEMIS data 
have allowed detection of increased number of craters 
displaying these combination ejecta morphologies. 

 
 

Ejecta Extent:  Catalog 2.0 also contains informa-
tion about ejecta characteristics such as sinuosity (lo-
bateness) and ejecta extent.  Ejecta extent is measured 
using the ejecta mobility (EM) ratio [3]: 

EM = (max ejecta distance)/(crater radius) 
Figure 4 shows average EM for the three layered 
ejecta morphologies as a function of 5° latitude zone.  
EM of the inner ejecta layer of DLE craters is typically 
lower than EM of SLE craters even though the size 
ranges of these two crater types are similar.  EM of the 
DLE outer ejecta layer ranges from 1.5 times the inner 
layer EM at low latitudes to 2.3 time the inner layer 
EM at high latitudes.  The EM of MLE craters is simi-
lar to that of the outer DLE layer and much greater 
than the EM of SLE.  
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Figure 4:  Variation in EM as a function of ejecta type 
and latitude. 

EM ratio is generally considered to be an indicator 
of ejecta fluidity during emplacement [2].  The higher 
EM values at higher latitudes is consistent with the 
distribution of subsurface volatiles from both theoreti-
cal and observational considerations [13,14].   

Interior Morphologies:  Table 3 summaries the 
interior morphologies observed inside martian impact 
craters in the northern hemisphere.  Floor deposits are 
very common inside martian impact craters and in-
crease in frequency toward the higher latitudes, consis-
tent with the observed distribution of mid- to high-
latitude mantling deposits [15].  Craters which display 
generally pristine morphologies often contain these 
deposits on their floors, indicating that such deposition 
is a rapid process even under present climatic condi-
tions.  Central peaks and central pits are almost equally 
distributed among craters in the northern hemisphere, 
with peaks occurring in 16% of all craters with an inte-
rior morphology and pits occurring in 14%.  Thus far 
no strong regional concentration of pits versus peaks 
has been detected.  There is also no strong variation in 
distribution between summit pits and floor pits [16]. 

Figure 3:  Example of a 
combination ejecta mor-
phology, showing a chains 
of secondary craters ex-
tending beyond the outer 
edge of the multiple layer 
ejecta blanket. 

Table 3:  Interior Morphologies 
  # % 
Asymmetric Floor Pits 21 0.5 
Symmetric Floor Pits 407 9.9 
Summit Pits 164 4.0 
Central Peaks 659 16.0 
Peak Ring 5 0.1 
Floor Deposits 2763 67.2 
Chaotic Terrain 68 1.7 
Wall Terraces 22 0.5 

 
Discussion:  Martian impact craters exhibit a large 

variety of ejecta and interior morphologies.  Many of 
these morphologies result from complexities within the 
target crust at the time of crater formation and  there-
fore can provide insights into local, regional, and 
global variations in crustal properties.  In particular, 
subsurface volatiles are strongly implicated in the for-
mation of the layered ejecta morphologies [17] and 
central pits [18].  The revised Catalog of Large Mar-
tian Impact Craters is providing new insights into the 
areal and diameter distributions of craters with these 
morphologies.  While many of the global results re-
main unchanged from earlier Viking analysis, local 
and regional results are changing because of the im-
proved datasets provided by MGS and Mars Odyssey.  
Major results to date include: 

• Increased identification of MLE and DLE mor-
phologies. 
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• Detection of scour zone beyond layered ejecta 
deposits of very fresh craters. 

• Identification of smaller craters displaying MLE 
morphology. 

• Identification of larger numbers of craters with 
interior morphologies. 

• Identification of deposits (dunes, layered depos-
its, etc.) on the floors of many craters and an in-
crease in the number of craters with floor depos-
its as latitude increases. 

Although the analysis is still in its early stages, we 
are already seeing regional variations in the degree and 
type of crater modification.  For example, craters in 
Meridiani Planum display large variations in interior 
and ejecta morphologies as well as preservational 
state.  Many of the features seen in this area, such as 
large numbers of pedestal craters and craters with large 
concentrations of floor deposits, are similar to features 
seen within the mid-latitude mantling layers.  This 
supports the theory that Meridiani Planum has been 
buried under thick deposits which have recently been 
exhumed.  Scalloped crater rims, similar to that seen 
by Opportunity at Victoria Crater, are present on even 
larger craters within Meridiani, although the largest 
craters do not show such features.  Detailed analysis of 
impact craters across the planet and comparison of 
widely separated regions with similar crater mor-
phologies will provide additional insights into the 
complex geologic history experienced by Mars. 
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