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With the approach of winter on Mars, C02  is precipitated from the atmosphere at the winter 
pole to form a cap which expands toward the equator with time and which subsequently retreats with 
the approach of spring and summer. Data from the Mars Observer Gamma Ray Spectrometer 
(MOGRS) will be used to study the growth and thickness characteristics of the seasonal polar caps 
(1,2). The purpose of this study is to learn the the capabilities and limitations of the methods and to 
develop the strategies for MOGRS data reduction. Here we discuss two methods by which the cap 
may be measured, namely, attenuation by the cap of gamma rays from the underlying soil, and 
production of gamma rays in the cap. We describe the models used, their applications, and initial 
expectations for sensitivity of the methods. 

Attenuation: The model for calculating gamma-ray count rates assumes a spherical planet 
together with uniform cap and atmosphere thicknesses over the region visible to the spacecraft. These 
assumptions permit us to calculate the emission angles, and thus the cap and atmosphere thicknesses, 
through which gamma rays must pass to reach the GRS (3). Production of gamma rays is assumed 
to be uniform in the soil for the radioactive species Th and K. For gamma rays produced by inelastic 
neutron scattering by the rock forming elements Si and Fe, production is assumed to follow a depth 
profile derived from high energy neutron transport calculations (4). Neutron capture lines were not 
used because variations in the seasonal cap thickness are believed to produce large variations in the 
thermal neutron flux at the cap-soil boundary (5). Fluxes are integrated from all production depths 
and from angles between the spacecraft nadir and the horizon and adjusted for attenuation in material 
surrounding the GRS and the detection efficiency of the detector to arrive at model count rates. An 
empirical model permits the calculation of cap thickness and measurement sensitivity form the model 
count rates. Sensitivity is defined here as sigma (T,)/T, , where T, is cap thickness. 

Direct production: Gamma-ray lines produced by the inelastic scattering of neutrons on the 
C and 0 components of the cap may be used to measure cap thickness. The geometric assumptions are 
the same as those used for attenuation. However, contributions from C and 0 in the underlying soil 
and overlying atmosphere as well as from the cap must be accounted for. The abundance of C is 
expected to be relatively small in the soil, but those in the cap and atmosphere are nearly 
indistinguishable. The soil's 0 abundance in the soil is high, =45%, but the cap's abundance, =73%, 
provides enough contrast with the soil to permit a significant count rate difference for the 6.129 MeV 
line. This line has the fortunate characteristic that it is narrow in solid material, but Doppler 
broadened in gas (3); thus the 6.129 gamma rays arising from the atmosphere are distinguishable from 
those produced in the soil and cap. Model count rates are calculated as for attenuated gamma rays. 
An empirical model permits the calculation of cap thickness and measurement sensitivity from the 
model C and 0 count rates. 

The empirical models allow the cap thickness to be calculated accurately from the model count 
rates. The sensitivities of the calculated thickness are functions of cap thickness, counting time, line 
intensity, element abundances, and signal contrast in the absence and presence of the cap. Figure 1 
shows the sensitivities for five attenuation lines and two lines produced directly in the cap, based on 
counting times of 100 hours each with and without the cap and 15 g/cm2 atmospheric thickness. Line 
energies and element abundances are shown in the legend. Soil abundances are given for the 
attenuation lines, cap abundances for the C and 0 lines. The dark line marked "Tutti" is the combined 
sensitivity of all seven lines. Attenuation lines are seen to contribute more to the sensitivity than the 
direct lines; however, the direct lines perform an important cross-check function because the method 
is different. The attenuation line having the greatest contribution to sensitivity is the Si 1.779 MeV line. 
If Th is assumed to have an abundance four times higher than that used here, as suggested by the 
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Phobos gamma-ray results (6), then its 2.614 MeV line contributes prominently with the strong Si line. 
The attenuation lines generally provide a sensitive measurement of the cap thickness, <5%, for 
thicknesses between 10 and 60 g/cm2, but less favorable sensitivity for greater thickness. For greater 
thicknesses the detection of neutrons will be particularly helpful. 

If the martian year is divided into 12 intervals and a 90% duty cycle is assumed, then each 10- 
degree latitude interval will receive -75 hours of observing time in each time interval. Because the 
sensitivity is proportional to the inverse square root of the observation time, the sensitivities will be 
- 15% times larger for those time and latitude intervals than presented in Figure 1. Such sensitivities 
will be adequate to follow the advance and retreat of the seasonal caps as functions of time and latitude. 
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