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NEUTRON SIGNATURE OF CARBON DIOXIDE AND WATER ICE AT THE MARTIAN 
SOUTH POLE by W. C. Feldman, Los Alamos National Laboratory, MS D438, Los 
Alamos, NM 87545 

One of the prime objectives of Mars Observer is to understand the role 
played by both polar caps in controlling the martian climate. Important 
information in this regard will come from analyses of neutron maps measured 
using the anticoincidence shield (A/C-N subsystem) of the Mars Observer 
Gamma-Ray Spectrometer (MOGRS). Although use of leakage neutrons to probe 
planetary volatiles has been suggested for some time (1) exploitation of 
this technique may start with Mars Observer, and calculations probing 'the 
information content of planetary neutron spectra are just beginning (2, 3). 
Indeed, these calculations have shown that leakage neutron spectra can be 
used to 3ccurately quantify concentrations of water at depths as large as 
1009 cm- and concentrations of syrficial carbon dioxide ice up to 
thicknesses as large as 250g c m  . However, all simulations of 
stratigraphy to date have been confined to one dimension, planetary radius. 
We have recently extended this capability to three dimensions. This note 
reports the results of a preliminary study of the areal resolution of the 
A/C-N subsystem of the MOGRS and its ability to resolve surface domains of 
carbon dioxide ice, layered terrain, and "dry" regolith, known to cover the 
south polar cap. 

Neutrons detected at one location generally have surface origins 
significantly distant from that of the subsatellite position. Gravity 
enlarges the detector areal point-spread function at energies close to, but 
below the gravitational binding potential because neutron orbits are 
conical sections. For mrs, this energy is 0.132 eV, close to, but above 
the thermal flux peak. Simulation of the footpoint origins of martian 
leakage neutrons detected using the MOGRS A/C-N subsystem yields the 
angular offsets and spreads collected in Table 1. A thick regolith having 
Viking composition (4), hut containing 1% water by mass was assumed for 
this simulation. A spacecraft orbital altitude of 361 km was also assumed. 

TABLE 1 

Footpoints of MOGRS A/C-N Leakage Currents 

Face - <la> ( L P ) ~  <8> (A8)FWHM R(A~)FWHM R(b8)FWHM 
Front O0 8.3' +lo 7.8' 492 krn 462 km 
Back 0 O 7.8' -2.5' 6.5' 462 km 385 km 
Side1 +3' 6.5O 0 O 8.3' 385 km 492 km 
Side2 -lo 7.3' 0 O 7.0' 432 km 415 km 

NOTE: 1) The subsatellite angular coordinates, (8,$3)=(0°,00), where 8 is 
the polar latitude and p is the longitude of a polar coordinate 
system where the forward A/C -N face is pointing northward (8 is 
posi tive ) 

2) R in the last two columns is the martian radius, R=3393km. 

In order to build intuition, countrates of the four faces of the A/C-N 
subsystem of the MOGRS were simulated as a function of spacecraft latitude 
and longitude relative to the center of a simplified south polar geometry. 
This geometry consists of nested circles, defining circular and annular 
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spherical domains containing distinct, but thick chemicpl compositions. 
A l l  surface domains were coyered uniformly with 16g cm atmosphere and 
were assumed to be 300g c m  thick. Whereas the central domain having 
angular radius consists of pure carbon dioxide ice, the surrounding 
annular domain, Gunded by angular radii E , and E, , contains a 50-50 
mixture of water and regolith simulating layered terrain, and the rest of 
the planet beyond 1, consists of regolith containing one weight percent of 
water. Consistent with the schematic nature of this simulation, no 
correction for differing fast-neutron production rates within the separate 
domains was made. 

Inspection of the resultant countrate maps show that: 1) Thick 
concentrations of carbon dioxide ice having angular extents as low as 
&,=2.50 (corresponding to spatial diameters of about 300km) can be 
recognized and quantified. 2) A postulated south polar geometry consisting 
of a thick carbon dioxide ice cap extending to 85O south polar latitude 
surrounded by layered terrain extending to 80° south polar latitude, in 
turn completely surrounded by regolith containing 1% water, yields a 
distinctive, spatially-dependent countrate signature detected by the 
backward-facing A/C-N scintillator element. The salient component of this 
signature reflects the relative dearth of epithermal neutrons leaking 
outward from the 50-50 water-regolith mixture assumed here to comprise 
layered terrain. Total counts accumulated in 100s, corresponding to a 
ground track of about 350km, has sufficient statistical accuracy to allow a 
quantitative identification of the subsatellite terrain as that assumed for 
the south polar cap. In contrast, no such distinctive signature is 
calculated for the foward-looking A/C-N face. 
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