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Introduction.  One martian year of neutron mapping 
measurements onboard the Mars Odyssey spacecraft is 
presented based on High Energy Neutron Detector 
(HEND) observations. We interpret the HEND results 
along with elevation changes from the Mars Orbiter 
Laser Altimeter (MOLA) instrument on Mars Global 
Surveyor to address the seasonal cycling of CO2 
between the atmosphere and surface of polar latitude 
regions of Mars.  

It is known that Mars’ North and South polar 
regions are affected by the global redistribution of 
atmospheric CO2. This process results in the exchange 
of more than 25% of the mass of the atmosphere [1] 
over the course of a martian year. The maximum 
thickness of CO2 snow depth may exceed 1 m at 
latitudes close to the martian poles [2]. The change in 
thickness of deposited CO2 is the reason for significant 
variations in the neutron flux above the martian poles 
between the summer and winter seasons. The flux 
varies because CO2 frost effectively hides the upper 
surface layers of Mars from orbital observations of 
neutrons  (see Figs. 1 & 2) and gamma-rays [3-5]. 
From the varying neutron flux, it is possible to 
estimate the column density of CO2 deposits at 
different latitudes [3-5] in the Northern and Southern 
hemispheres.  In this study we tracked changes in the 
distribution of CO2 deposits at different north and 
south regions in terms of the deposit’s mass and 
density.   

Data Analysis. The estimation of CO2 column 
density requires a two-step procedure. The first part of 
the analysis involves processing of the summer data 
(when the surface was free of seasonal CO2 frost). 
During this time it is possible to estimate parameters 
describing  regolith structure in a given region. 

Our estimation of the structure of the shallow 
regolith utilized models of one (homogeneous) layer or 
two layers. In the case of the homogeneous model a 
single free parameter was used to describe the average 
mass fraction of water (hydrogen) in the regolith. For a 
model with two layers there are two free parameters: 
the thickness of an upper relative dry (~2% of water) 
layer and the mass fraction of water in a lower ice-rich 
layer. 

 

Fig. 1. Neutron flux through martian seasons at 
different northern latitudes. 

 

Fig. 2. Neutron flux through the martian seasons at 
different southern latitudes. 

 In the next step of the data reduction, an additional 
layer was added to the model to simulate a seasonal  
CO2 frost deposit with a given thickness. Application 
of a statistical minimization between the observations 
of neutron flux and model predictions then yields a 
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best-fit value of column density of the CO2 deposit for 
the selected region at a specified martian season. 
Figures 3 and 4 summarize results of the model-
dependent deconvolution, where polar maps of CO2 
column density were estimated from the neutron flux 
measured during winter seasons. 

Results. Neutron and gamma spectrometry is 
sensitive to the column density of near-surface material 
where cosmic ray- produced neutrons and gamma 
radiation are emitted. The column density is measured 
in g/cm2 and can be used to estimate the deposited 
mass of CO2 (M)  from the following formula: 
 
 M=Cd⋅S,                   (1) 

 
where Cd is the column density and S is surface area of 
the observation [6]. 

The analysis of HEND data shows that the maximal 
masses of the seasonal caps may be estimated as  ~ 4.0 
x 1015 kg for the Northern hemisphere and ~ 6.5 x 1015 
kg for the Southern hemisphere. The total masses agree 
well with model predictions by a recent estimate from 
the Ames GCM [7], but the time histories of seasonal 
caps derived from neutron observations and the GCM 
do correlate as well. Specifically, neutron spectrometry 
indicates that the time of maximal accumulation 
occurred later than expected from the CGM. 

A comparison between the column density of 
seasonal deposits and direct observations of frost 
thickness (MOLA, see [2]) may be used for 
estimations of CO2 density. Using data from both 
experiments we tracked the distribution of CO2 frost as 
function of latitude. For high polar latitudes (> 80N) 
the density varies in the range from 0.6-0.75 g/cm3 
which is below an estimation made by MOLA [2]. But 
for lower latitudes (70N-80N) the observed value of 
density is found to be close to 1g/cm3, in good 
agreement with the previous seasonally-averaged 
estimation [2]. 
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Fig 3. Map of column density (g/cm2) of CO2 deposit 
observed in the Northern hemisphere during winter. 

 
Fig 4. . Map of column density (g/cm2) of CO2 deposit 
observed in the Southern hemisphere during winter.  
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