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Introduction: In [1], surface roughness and curva-

ture obtained from high resolution MOLA data are 
used to characterize a sedimentary mantle at high Mar-
tian latitudes , (poleward of ~40º-60º).  The equatorward 
boundary of the mantle correlates with the locations of 
dissected terrain identified in MOC images [2].  The 
dissected terrain in [2] is thought to be degraded water 
cemented soil, and the mantle discussed in [1] is in-
ferred to be water ice rich. This conclusion is given 
further support in [3], where a positive correlation of 
the results in [1] and [2] is made with Odyssey neutron 
sensing of high hydrogen content in the near surface 
soil at high southern latitudes. The Odyssey data are 
measured by the neutron spectrometer (NS) component 
of the gamma ray spectrometer (GRS). 

In this study, the margins between the water ice rich 
mantle and the relatively dry equatorial region are stud-
ied for the northern and southern hemispheres using 
the Odyssey NS data and the MOLA rough-
ness/curvature data. The position and extent in latitude 
of the margin is estimated via simulations of the NS 
data and the results are compared with average MOLA 
topography statistics . Preliminary results for two bands 
of longitude (120º-150º W and E) in the southern hemi-
sphere are reported here. 

Results: The following figure shows a map of the 
epithermal (0.4 eV < E < 700 keV) NS counting rate 
measured over the south circumpolar region during 
southern summer, as in [3]. Recall that low epithermal 
neutron count rate (blue region) corresponds to high 
hydrogen content of the near surface soil. See [4] for a 
complete overview of NS hydrogen estimates both at 
the poles and in the equatorial region. The black curve 
is the nadir position of Odyssey when the epithermal 
counting rate falls to ½ the maximum measured before 
encountering the water ice rich region. The margin re-
gion studied here is the transition region near the black 
curve that delineates the water rich circumpolar mantle 
from the relatively dry equatorial region.  

 
The following figure is a map of MOLA -derived 0.6 

km curvature, calculated as in [1]. Mapped is the ratio 
of the median curvature to the interquartile width of the 
curvature-frequency distribution. The water ice rich 
mantle exhibits a prevalence of concave (> 128) as op-
posed to convex (< 128) curvature. As established in 
[3], the equatorward boundary of the ice mantle is in 
qualitative agreement with the NS boundary shown 
above, although the boundary obtained from the curva-
ture often lay equatorward of the NS boundary. 

 
The figure below illustrates the gradient in epi-

thermal neutron counting rate with latitude 
(counts/s/deg). Where the gradient is large and local-
ized in latitude the margin is sharp whereas an extended 
margin has a relatively smaller gradient distributed over 
an extended range of latitude. The top frame corre-
sponds to northbound Odyssey orbit segments, the 
bottom southbound, although this distinction will not 
be used in our preliminary analysis. Here we concen-
trate on the two longitudinal segments, -120º to -150º 
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(west) and 120º to 150º (east). These regions have rela-
tively small altitude variations, thereby simplifying the 
analysis of the NS data, as opposed to regions near  
the Hellas or Arygre basins. For both orbit directions, 
the gradient illustrates that for the west slice the margin 
between the water ice and dry soil is relatively sharp, 
while that in the east extends over a larger range in lati-
tude.  

 
 
This point is illustrated further in the following two 

figures. Shown are averages of the NS count data over 
30 degree longitude bins. The first is for the segment 
120º - 150º E, the second 120º -150º W. The average NS 
epithermal counts in 19.6s are shown (data points), as 
are fits to the data (solid curves). The data is fit to the 
equation A*tanh ((latitude-B)/C) + D, with B a measure 
of the center of the margin and 2*C the characteristic 
width of the margin. For the east slice, B = 54ºS and C = 
10.31º. For the west B = 59.13ºS and C = 7.0º, supporting 
the conclusion that the margin for the east slice is ex-
tended and the west slice sharp. 

  

 
This observation is quantified by simulating the 

NS data for various models of the margin, using the 
simulation model described elsewhere [3], [5]. The sim-
plest model assumes that the margin region is a uniform 
mix of the circumpolar water ice and dry equatorial soil. 
This yields the results shown in the following figure, 
where the estimated margin position is overlaid on 
MOLA topography. We perform this analysis at all 
longitudes, neglecting corrections to the NS counting 
data due to topography within the basins. The ice/dry 
margin region is between the black curves, and at lati-
tudes where the curves coincide the NS data is consis-
tent with a step discontinuity from water ice to dry soil. 
Due to the extent of the detector footprint (~10 deg 
FWHM) about the Odyssey nadir, the simulation model 
suggests that the detector can not distinguish between 
margins < ~7º in latitude. Note in this figure that the 
conclusions obtained from the gradient in NS counts 
and the fits to the counts with latitude are substanti-
ated, namely that the margin is extended over the 120º-
150º E slice and sharp over the 120º-150º W slice.  
 

 
 
 

A more accurate model for the water ice margin 
than the 50/50 mixture of water ice and dry soil is one 

Sixth International Conference on Mars (2003) 3181.pdf



where the depth of the water ice below the surface de-
creases within the margin with decreasing distance 
from the pole. This is motivated by simulations yielding 
the depth to ice stability, e.g. [6]. We have performed a 
series of NS system simulations for margins with vari-
able width in latitude; the source model in the simula-
tion has three surface components, the water ice rich 
circumpolar mantle under a thin layer of dry dust, the 
margin with linearly varying ice depth that decreases in 
the poleward direction, and the dry soil equatorial re-
gion. The simulation results for the NS counting rate 
variation with latitude are fit to tanh functions, as 
above. 

The following two figures illustrate the comparison 
of the NS data, the MOLA 0.6 km baseline curvature 
data, and the NS simulation results for both the 120º - 
150º W (top) and E (bottom) slices. The red curve is the 
normalized NS epithermal neutron counting rate and the 
blue curve is the bin-averaged and normalized MOLA 
0.6 km curvature. The vertical dashed lines are results 
of the simulations, with the black dashed line the center 
of the margin (“B”) and the green dashed lines at B ± C 
degrees.  

First note that, especially in the case of the sharp 
120º-150º W slice at the top, the MOLA -derived curva-
ture data shows the transition to the concave mantled 
topography almost exactly where the NS epithermal 
counts begin a sharp decrease. Although the details 
will be strengthened by further study for all longitudes 
and for the northern hemisphere margin, it appears that 
the MOLA curvature shows the concave ice mantle 
signature well into the NS sensed margin. Note that the 
margin center from the NS data is at ~59º S for the west 
slice and further that the uncertainty in this location is 
at most 1 or 2 degrees. Note that in the case of the west 
slice the NS can not distinguish between a step discon-
tinuity and the extended margin between the green 
dashed lines. In the case of the east slice, again the NS 
counts begin to decrease almost exactly where the con-
cave topography becomes more prevalent. However, 
the situation is more complicated both within and equa-
torward of the margin. Inspection of the margin sug-
gests that the signature of concave/convex curvature 
may be quantitatively related to the mixture of ice and 
dry soil regions within the NS footprint. However, both 
the mantling process and the underlying geology influ-
ence the curvature. 
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