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   Introduction: In the past, most Mars crater
morphology studies concentrated on the pla-
nimetric shape of the craters [e.g., 1 thru 7],
but the acquisition of high quality topo-
graphic data from MOLA has allowed three-
dimensional analysis of those craters [e.g., 8,
9].  One of the most useful morphologic pa-
rameters is the crater depth (d) and diameter
(D) relationship.  This parameter is sensitive
to the effects of surface processes, and in-
cludes the largest dimensions of the craters
and as such is least sensitive to measurement
error.  While individual MOLA profiles can
provide accurate d/D measurements for indi-
vidual small craters (sub-kilometer, in some
cases), MOLA gridded DIM data provide the
only practical means to determine d/D for
whole populations of craters.  However, be-
cause of the irregular spacing of the MOLA
ground tracks, only the diameters of craters
larger than about 5-6 km can be measured
with reasonable accuracy.  This size normally
ensures both accurate morphologic measure-
ments and enough craters to provide statisti-
cally meaningful values for analysis of mor-
phologic trends in regional crater populations.
          Although d/D has been used as an indi-
cator of surface processes, a systematic dis-
cussion of how to interpret observed Martian
crater d/D relationships in terms of the proc-
esses responsible for their modification has
yet to be presented. In this abstract, we de-
scribe, in general terms, the characteristic of
d/D relationships (where depth is measured
from the crater rim to its floor {dr}, and the
relief between the crater floor and the sur-
rounding terrain {ds}) produced by different
surface processes on Mars.   It should be kept
in mind that surface processes that modify
crater shapes and produce characteristic
changes to the d/D relationship on Mars fall

under either gradation (erosion, transport, and
deposition of surface materials by wind, wa-
ter, gravity, impacts and ice) or volcanic pro-
cesses [9, 10, 11, 12].   We will discuss each
of the major processes and their predicted
effects on the d/D of Martian craters.
   Discussion:  Erosion on Mars by wind,
water, gravity, or impact craters (small im-
pact erosion) generally results in decreases in
the crater depth and rim height, while causing
insignificant increases in crater diameter.
Consequently, the d/D ratio of craters of any
given crater size will decrease due to the ef-
fects of erosion, with the magnitude of the
decrease inversely proportional to crater di-
ameter (i.e., small craters shallow more rap-
idly than large craters) and directly propor-
tional to erosion rates.  As a result, erosion by
these agents will steepen d/D distribution
curves and produce a range in the distribution
of depths with the smallest craters showing
the greatest spread in depths. Changes to the
rate of erosion and/or crater production (gen-
erally assumed to be constant after about 3.8
billion years ago) will be expressed as non-
uniformity in distribution of the range of cra-
ter depth (for a given diameter) in the d/D
plots.   For example, episodically and signifi-
cantly fluctuations in the rate of erosion (e.g.,
such as times of dramatic climate change)
should produce gaps or concentrations of data
on d/D plots along lines whose slopes are re-
lated to age of the fluctuations. 
      In areas where subsurface ice is abundant,
viscous creep can be an important process in
modifying the shapes of craters [13].  Be-
cause relaxation time decreases as crater di-
ameter increases and increases as viscosity
decreases, materials in the rims of large cra-
ters will creep proportionally faster than in
small craters and the topography of craters in
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ice-rich materials will soften faster than in
craters in dry rock [14].   As a result, the
slope of the d/D curve for crater populations
in areas that contain abundant subsurface ice
will decrease and the range of depth of large
craters will increase as creep occurs.
       Partial burial of a crater population blan-
keted by regional scale volcanic or sedimen-
tary deposits produce unique and diagnostic
changes to d/D relationships. For example,
deposits produced by volcanic flooding or
settlement of sediment from the air or stand-
ing water generally form a plain having the
same elevation inside and outside the craters.
Craters with rims lower than the thickness of
the deposit will be completely buried, while
craters whose rims are higher than its thick-
ness will protrude above the surface of the
deposit.   As a result, the depth of craters
measured relative to the height of their rims
(dr) typically increases with increased di-
ameter but are shallower by the thickness of
the deposit.  In contrast, the depth of craters
as measured relative to the surrounding ter-
rain will be zero, independent of diameter,
because the surface of the deposit is about the
same elevation (at least initially) both inside
and outside of the crater.   In addition, com-
paction or deflation of such deposits often
occurs soon after emplacement.  This will
result in the formation of ghost craters (faint
topographic outlines of the buried craters
whose rims were nearly as high as the thick-
ness of the deposit).
      Target material properties can also have a
significant effect on the d/D of craters.  In
d/D plots, significant effects of target material
properties can be identified for an area by
comparing the d/D of fresh craters in that area
with the fresh crater curve [15] for that range
of latitudes.   If they are essentially the same
then it is likely that target materials in that
area behave similarly to those of the globally
average on Mars.  It is also essential that
high-resolution images be used to examine
the fresh craters in the study areas to deter-

mine if they have been affected by younger
geologic events [16, 17].
   Conclusions:  Mars has had a dynamic
geologic history involving surface processes
that effect impact crater morphology in pre-
dictable ways.  This abstract has outlined
some of those and how to interpret d/D rela-
tionship in order to detect major types of
surface processes.   This information can be
used as a basis for interpretation of d/D data
and provide valuable information about the
geologic history of Mars.  
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