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An uncollimated gamma-ray spectrometer (GRS) in orbit above a planet counts 
gamma-rays from all surface points within its field of view. Mapping the count rates for 
a specific gamma-ray energy as the GRS moves about the planet yields a count rate 
map which, with sufficient statistics, will have a spatial resolution on the order of the 
altitude. Such maps are useful for deriving geochemical information on a large scale, 
but accuracy is reduced and much useful information about province boundaries is 
lost. 

If the surface flux distribution or map, S, of the gamma-ray source and the 
response function, R, which describes how the GRS responds to all the factors which 
transform the surface flux, are both known, convolution of these two functions allows 
us to predict the count rate, Zp, to be observed at altitude. 

However, the actual problem is inverted. The measured data provides a count 
rate map at altitude and we expect to derive the response function from basic 
principles and measurements of detector efficiency. We may recover the undistorted 
surface flux map, S, numerically by the least-squares method if we choose an 
assembly of data bins whose number exceeds that of model cells in the surface flux 
map. 

With the same objective in mind a method of iterative convolution was 
developed and applied to selected regions of Apollo Gamma-Ray Spectrometer lunar 
data (Haines et al., 1978). An assumed surface distribution model was convolved with 
the response function for that experiment and the resultant image distribution at 
altitude compared with the actual data. Iteration proceeded until the agreement 
between prediction and observation could not be significantly improved. The method 
described here is a different approach employing direct deconvolution. Compared 
with the prior method, it is capable of application to the entire planetary surface rather 
than limited areas, is much less time consuming, and incorporates less human 
intervention. 

The response function is the product of four parts which are largely independent 
of one another. These four parts are, 1) production or limb darkening, 2) geometry, 3) 
atmosphere and 4) GRS mass and detector anisotropy. Production treats the 
distribution with depth which depends on the mode of gamma-ray production as well 
as water content in the soil and results in limb darkening for gamma rays produced by 
some nuclear reactions. Geometry comprises the effects of relative distance, emission 
angle, and variations in elevation. An atmosphere, present at Mars but absent from 
the Moon and Mercury, collimates the gamma-ray flux since gamma rays arriving from 
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points near the horizon must pass through a greater atmospheric mass then those 
from points near the nadir. Atmospheric thickness is strongly affected by local 
elevation and seasonal cycles. The mass of the GRS surrounding the detector further 
attenuates the gamma-ray flux. Anisotropies in thickness and composition must be 
factored in. Likewise, the efficiency of the gamma-ray detector is not isotropic but 
displays radial symmetry around the GRS axis. The total response function is the 
product of these four parts, expressed in nadir axislazimuth coordinates. 

The least-squares method for solving the convolution equation for the source 
map is based on minimizing the sum of the squares of differences between the 
observed count rate map and a predicted count rate map generated from the 
convolution integral by adjusting the values of the surface flux model cells. If the 
number of data bins into which count rate observations are collected is greater than 
the number of model pixels (areas over which the modeled gamma-ray flux is 
assumed to be constant), then a least-squares solution is possible. 

To date we have operated the procedure with equal area (lox 10 equatorial) 
planet-wide data bins (-40,000) containing pseudo-data generated by the convolution 
of an assumed surface flux map and 30x30 model cells (- 4400) . Before the 
introduction of statistical noise, the assumed source field has been regenerated with 
process noise of less than 1%. Statistical uncertainty in the count-rate map is 
propagated through the least-squares procedures and appears as uncertainties in and 
correlations between the surface flux values. This propagation is usually represented 
in least-squares problems by the product of the inverse normal matrix and the mean- 
square uncertainty. To truncate the problem we have chosen to calculate only the 
variances (diagonal elements) and ignore the covariances (off-diagonal elements). 

We have taken advantage of several contemporary methods to reduce the 
extent of computation. As a technique to attempt to counter possible ill-conditioning in 
cases of significantly nonuniform distributions of data, we can augment the problem 
with a set of "restraint" equations which will smooth the solution by biasing it toward 
having spatial second derivatives of small magnitude in specified regions. 

This numerical deconvolution process will convert maps of gamma-ray count 
rates recorded at altitude into maps of gamma-ray fluxes at the surface with an 
expected factor of 3-5 improvement in spatial resolution and more accurate fluxes than 
can be derived directly from the count rate data. While the method has been 
developed with the Mars Observer GRS experiment in mind, it can be applied to any 
gamma-ray spectrometer observing any planetary body from orbit. 
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