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Introduction:  The wealth of multispectral and to-

pographic data acquired by the Mars Global Surveyor 
(MGS) and Mars Odyssey (MO) missions has greatly 
expanded our understanding of the characteristics of 
martian impact craters.  We are supplementing the 
information previously derived from Viking image 
analysis with the higher resolution visible images of  
MGS’s Mars Orbiter Camera (MOC) and MO’s Ther-
mal Emission Imaging System (THEMIS), the day-
night infrared data from THEMIS, and the topographic 
information from MGS’s Mars Orbiter Laser Altimeter 
(MOLA).  Our current studies focus on three general 
areas of crater analysis:  (1) the effect of secondary 
cratering on the absolute age estimates of martian ter-
rain units, (2) development of a preservation classifica-
tion system, and (3) continued studies of what impact 
crater characteristics can tell us about the role of target 
properties (particularly subsurface volatiles) in crater 
formation. 

 
Terrain Ages:  Crater size-frequency distribution 

analysis is the primary method for determining ages of 
surfaces from which we currently have no returned 
samples [1].  The high resolution imagery from MOC 
has revealed much smaller craters than originally ex-
pected based on Viking analysis.  Small craters pro-
vide the ability to obtain statistically useful age data 
for areally-restricted regions but also suffer from the 
possible inclusion of secondary and non-impact cra-
ters.  Many of the MOC-based crater studies have ig-
nored the possible contamination of these non-primary 
impact craters.  Such studies argue that craters from 
non-impact sources can be identified and avoided or 
that they represent a relatively small percentage of the 
total craters included in these studies.  The effects of 
secondary crater contamination are minimalized by 
arguing that the rate of secondary crater production is 
similar for lunar and martian craters—since the mar-
tian chronologies are derived from the lunar crater 
chronology, the inclusion of secondaries has no overall 
effect on the resulting absolute ages for martian terrain 
units [2]. 

We are investigating the claim that secondary cra-
ter production is similar for the Moon and Mars.  We 
are comparing the crater size-frequency distribution 
curves of obvious secondaries surrounding relatively-
fresh lunar and martian craters.  The craters have been 
selected as representative of those which result from 
similar energy impacts on the two bodies.  We have 
utilized MOC and THEMIS VIS imagery for martian 

craters and Clementine and Lunar Orbiter data for the 
lunar craters.  Our preliminary results have looked at 
the secondaries produced by 1-km, 5-km, and 10-km 
diameter asteroids impacting on basaltic lava flows on 
the Moon and Mars.  Two craters for each of the dif-
ferent sized impactors have been studied for both the 
Moon and Mars (for a total of 12 craters studied to 
date).   

Our results reveal that secondary crater production 
is reduced on Mars compared to the Moon for impacts 
of similar energies.  Many of the martian craters dis-
play a layered (“fluidized”) ejecta morphology rather 
than the radial pattern common around fresh lunar cra-
ters.  We believe that the mechanism producing the 
layered ejecta morphology on Mars decreases the ejec-
tion of secondary material along ballistic trajectories, 
thus reducing the number of secondary craters.  These 
results, although still preliminary, have important im-
plications for the very young absolute ages being cited 
for some martian terrain units.  The lower production 
of secondary craters on Mars will lead to fewer craters 
being produced by similarly aged impacts on Mars 
compared to the Moon.  This lower frequency of pri-
mary+secondary craters would be interpreted as 
younger ages for Martian terrain units.  Thus many of 
the areas currently cited as being extremely young on 
Mars may actually be significantly older. 

 
Crater Preservation:   Martian impact craters dis-

play a wide range of preservation forms, ranging from 
pristine to almost completely destroyed (“ghost cra-
ter”).  While crater degradation is observed on all 
solid-surfaced bodies which display impact craters, the 
active geologic environment that Mars has experienced 
has led to a wide variety of degradation styles.  The 
type and amount of degradation experienced by mar-
tian impact craters appears to vary with location and 
age—this observation, first noted from Mariner 9 im-
ages, has led to the hypothesis that Mars has experi-
enced one or more episodes of enhanced degradation 
[3].   

We are using the insights gained from high resolu-
tion imaging studies (MOC and THEMIS VIS), topog-
raphic analysis (MOLA), and thermal inertia data 
(THEMIS IR) to develop a classification system for 
martian crater preservation.   Our classification system 
uses a 0.0 to 7.0 point scale, with 7.0 being a pristine 
crater and 0.0 being one almost completely destroyed 
(“ghost crater”).  Imaging data are used to characterize 
the general appearance of the crater (e.g., presence of 
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ejecta blanket, number of superposed craters, pres-
ence/absence of interior morphologies, breaching of 
crater rims, etc.).  THEMIS IR day-night image com-
parisons help to determine whether large ejecta blocks 
are still retained within and/or around the crater or if 
the crater is largely covered by low thermal inertia 
dust.   The IR data are also providing clearer views of 
craters at high latitudes, which are often obscured by 
clouds in the visible wavelength images.  The topog-
raphic information obtained from MOLA is allowing 
us compare the morphometric properties of impact 
craters to the values expected for fresh impact craters 
of similar size and location.  The degree of degradation 
of features such as crater rim height, crater floor depth, 
and ejecta blanket distal rampart provide an quantita-
tive estimate of the amount of degradation experienced 
by the crater. 

Although the final assignment of a preservation 
class is still based on several qualitative factors, the 
inclusion of information other than moderate resolu-
tion imaging data (like Viking) makes this system a 
vast improvement over previous attempts to classify 
the preservational states of martian impact craters.  
The results of this effort will be included in the revised 
version of the Catalog of Large Martian Impact Cra-
ters [4].  We are beginning to use this classification 
system to study the temporal extent of degradation 
episodes and to determine how subsurface volatile 
concentrations may have varied with time [5]. 

 
Target Properties:  The diversity of new data sets 

containing information about martian impact craters is 
allowing us to focus on the details of what crater mor-
phologies and morphometries are telling us about the 
properties of the target material at the time of impact. 
MOC imagery is revealing that very small craters 
(some as small as 50-meters in diameter or less) dis-
play evidence of layered ejecta morphologies in certain 
locations and that pedestal craters (craters and ejecta 
perched above the surrounding terrain) appear to be 
concentrated in volatile-rich layered deposits [6].  
Analysis of the crater size-frequency distribution 
curves of small craters observed in MOC images con-
firms a dip the the frequency of craters around 1-3 km 
diameter, the same diameter range where layered 
ejecta morphologies typically begin to appear around 
the craters, which is usually attributed to the excava-
tion cavity of the crater beginning to interact with sub-
surface volatile reservoirs [7, 8].  Our analysis of Vi-
king and MOC imagery indicate that regional varia-
tions in the distribution of double layer and multiple 
layer ejecta morphologies are seen which correlate 
with the distribution of near-surface H2O detected by 
the Gamma Ray Spectrometer instrument on Mars 

Odyssey [9]—THEMIS data will provide additional 
insights on whether ejecta morphology correlates with 
surface properties such as thermal inertia and mineral-
ogy.  However, the fact that the distribution of rela-
tively large impact craters (10’s of kilometers in di-
ameter, which are excavating to a few 100’s of meters 
to kilometers depth) with ejecta morphologies com-
monly attributed to the presence of subsurface volatiles 
shows general correlations with the distribution of 
near-surface H2O (< 1 meter depth) suggests that vola-
tile exchange between deep reservoirs and the near 
surface may be more efficient than previously thought.  

The revision of the Catalog of Large Martian Im-
pact Craters [4] is including a considerable amount of 
new information from MGS and MO.  These data in-
clude MOLA-derived measurements of crater mor-
phometry and TES and THEMIS-derived data on 
thermal inertia and mineralogy.  We also are including 
updated crater morphologic data [10] from MOC and 
THEMIS.  The revised Catalog, which contains in-
formation about 42,283 craters ≥5-km-diameter dis-
tributed across the entire surface of the planet, is al-
lowing a more detailed analysis of the correlation of 
crater features with latitude, elevation, terrain, and 
near-surface properties.  These detailed crater data 
combined with new hydrocode models of crater forma-
tion [11] will promote an dramatic improvement in our 
understanding of what impact craters can tell us about 
the target properties on Mars and how they may have 
changed with time. 
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