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Introduction:  We have been investigating several
independent data sets from recent Mars missions that
provide evidence for a meters-thick, latitude-dependent
surface layer [1, 2, 3]. Based on apparent physical
properties observed in Mars Orbiter Camera (MOC)
images and Mars Laser Altimeter (MOLA) data, and
the distinct latitude dependence of these observations,
we interpreted this to be an ice-rich layer, and interpre-
tation supported by recent Mars Odyssey results [4, 5,
6]. Our current focus is on the latitude zones 30-60°N
and S where the surface layer is discontinuous.  The
relative paucity of impact craters supports an interpre-
tation that the ice-rich layer is recent.

Our goal in this analysis is to directly compare the
distribution of MOC images exhibiting the discontinu-
ous layer [2] with MOLA observations of roughness on
several scales [1, 3] and to assess the degree of corre-
spondence.  The MOC images provide high spatial
resolution observations of morphology, but each image
covers a very small portion of the surface.  The MOLA
observations are global, but relating the various rough-
ness measurements with specific surface features can be
difficult.  By combining these observations we can a)
provide a means of relating the MOLA roughness
measurements to specific surface morphology and b)
scale the MOC observations across the regions between
observations.  The ultimate goal is to provide insight
into the regional and global properties of the ice-rich
surface layer.

Data Processing and Integration: A database of
MOC observations has been created identifying a par-
ticular surface morphology characterized by the fol-
lowing features: 1) a smooth, intact surface is present,
2) the smooth material is broken up or dissected some-
where in the scene, 3) the pitted or hummocky terrain
resulting from dissection is distinct from dunes,
yardangs, or other eolian features. Over 15,000 MOC
images have been systematically analyzed and classi-
fied according to the presence or absence of these fea-
tures. The images were examined orbit by orbit without
knowledge of geographic location to minimize bias in
the recognition of the terrain.  Over 1700 images ex-
hibit this morphology.

The resulting distribution of dissected terrain shows
two latitude bands between 30-60° N and S with almost
identical means of ≈41° [2]. For this analysis we re-
quired a more refined understanding of the spatial dis-
tribution and therefore calculated the mean latitude,
equatorward minimum latitude, and standard deviation
of the north and south observations separately in 30°
longitude bins. Each 30° bin was then shifted 5° and the

statistics recalculated to create a smoothed, 5° longitude
resolution statistical database.

Statistical measures of surface roughness and con-
cavity were derived orbit-by-orbit from MOLA data
using their full resolution (surface elevation every 0.3
km). For each data point, the profile curvature in its
vicinity was calculated using data points immediately
preceding and following within the same orbit. For each
map cell (0.25°), the curvature-frequency distribution
was compiled using all data within the cell.  The inter-
quartile width of this distribution was used as a measure
of surface roughness at 0.6 km baseline. The median
curvature divided by the distribution width character-
izes the prevalence of concave or convex topography.
The analogous calculations were done for 2.4 km base-
line (the  curvature was calculated with the 4th data
point preceding and following a data point). The de-
pendence of roughness on the baseline length was ex-
pressed as the Hurst exponent, where higher values of
the Hurst exponent mean a relatively smaller contribu-
tion of small-scale roughness.

Results:  The combined MOC-MOLA observations
are shown in Figure 1. The Red-Green-Blue image
planes show the topographic roughness parameters with
the locations of MOC observations showing dissection
and their associated statistical measures overlain. The
blue channel maps 0.6 km roughness, where higher
roughness corresponds to higher intensity of blue, the
green channel maps concavity where high intensity
marks the prevalence of concave shapes, and the Hurst
exponent is shown in the red channel which maps the
relative contribution of small and large scale roughness.
The correspondence between these two dramatically
different scales of observation is remarkable.

In [1] it was shown that the short baseline roughness
poleward of 60 is smaller than for geologically similar
terrain in the equatorial zone, which was not observed
for longer baselines. Thus the Hurst exponent for high
latitudes is systematically higher than for the equatorial
zone. There is a gradual transition from low to high
Hurst exponent values across 30-60 zone. In [3] it was
shown that this transitional zone has some prevalence
of convex topography, while the other terrains show
prevalence of concave topography, weak for the equato-
rial zone, and strong for the high latitudes. This peculi-
arity of the transitional zone is seen in Fig. 1 as two
latitudinal bands of pink and violet shades due to low
intensity in the green channel. By analyzing the combi-
nation of these topographic roughness parameters it was
hypothesized that poleward of 60° the surface was uni-
formly mantled by a layer 1-10 m thick [3].  The mid-
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latitudes were transitional between the two, and proba-
bly had a discontinuous mantle.

The MOC image mapping of [2] matches almost
perfectly with the transition zone of [3], particularly in
the southern hemisphere. The points marking the equa-
torward limit of the dissected terrain in the southern
hemisphere map out a nearly constant latitude with a
mean of –30.8°±2.03. The equatorward boundary for
the northern distribution is less uniform, with a mean of
31.4°±3.53.  Both lines lie at the equatorward edge of
the reddish zone that characterizes the MOLA deter-
mined transition zone in this figure, and appear to fol-
low the variations in latitude with longitude.  The line
marking the mean of the distribution of dissected terrain
follows close to the center of the transition zone identi-
fied by roughness measures.  The density of MOC ob-
servations also appears to coincide with the intensity of
colors, which appears more evident in the northern
hemisphere. For example, between 120° and 200°W the
prevalence of green indicates concave topography, and
there are few observations of dissected terrain. At an
even higher resolution, small areas of concave-
dominated topography within the transition zone be-
tween 40° and 120° W (green in Fig. 1) show an ab-
sence of dissected terrain.  Lastly the width of the dis-
tribution of dissected terrain matches well the width of
the transition zone identified by MOLA roughness. This
is particularly evident in comparing the wide zone in
the southern hemisphere between 270-360°W vs. the
narrow zone between 120-180°W.

Discussion and Conclusions:  These analyses show
that high-resolution morphologic observations can be
associated with kilometer-scale topographic statistics
that provide unique insights into martian surface proc-
esses.  This permits extrapolation of MOC-like obser-
vations to global perspectives, but also provides a
mechanism to calibrate larger-scale topographic obser-
vations to surface morphology and features. We plan to
refine these scaling approaches in future work.

The remarkable correspondence between these two
very different observations (a binary classification of
meters-scale morphology observed in MOC images vs.
km-scale statistics of topography) provides strong sup-
port for the presence of a degrading surface layer in the
mid-latitudes of Mars. The equatorward boundary of
this degraded layer is congruent in both data sets at 30°.
The southern boundary near 60°S, which is well
mapped by the topographic observations, corresponds
to an enormous decrease in neutron flux [6] that indi-
cates where the surface layer is intact, it is ice-rich. This
supports the conclusion reached by independent means
in [2, 3] that the equatorward limit of the dissected ter-
rain/transition zone marks the maximum extent of a
formerly ice-rich surface layer.
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Figure 1.  Correspondence between MOC surface observations of dissected terrain (dots, lines [2]) and MOLA topographic
roughness calculations (color [3]).  The MOLA roughness parameters are explained in the key below the figure.  Along the right
side of the figure, T refers to the transitional terrain and M to the continuous mantle.  See Results section for detailed explana-
tion.
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