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There is abundant evidence that, at present, aeolian processes are active over much of the 
surface of Mars [cf. 1; 21. Previous studies have demonstrated that variations in regional albedo 
and wind streak patterns are indicative of sediment transport through a region [3; 41, while 
thermal inertia data [derived from the Viking Infrared Thermal Mapper (IRTM) data set] are 
indicative of the degree of surface mantling by dust deposits [5; 6; 7; 8; 91. The visual and 
thermal data are therefore diagnostic of whether net erosion or deposition of dust-storm fallout is 
taking place currently and whether such processes have been active in a region over the long term. 

One of the consequences of variations in regional sedimentation patterns should be relative 
differences in surface texture and macroscopic roughness from region to region; photometric 
analysis of the visual brightness of a surface viewed under a variety of emission and phase angles 
may allow such differences to be quantitatively investigated [lo; 11; 123. In addition, 
determination of regional photometric properties will place constraints on the interpretation of the 
related albedo and thermal data sets. 

Disk-resolved (as opposed to disk-integrated) photometric studies of planetary surfaces from 
spacecraft are not common, and photometric studies of Mars using spacecraft data are rare indeed. 
Voyager images of 10 have been used to investigate porosity and macroscale roughness of the 
surface [cf. 13; 141; these studies have indicated that it may be more appropriate to study relative 
regional differences in photometric properties, rather than to attempt physically rig ~ r ~ u s  
modelling of the results. Images from the early Mariner missions were used to s t u ~ ;  a few 
selected regions [15]; indications were that significant variations in surface properties were 
detectable. Only the first few months of Viking Orbiter IRTM data were systematically analyzed 
[5]; again, significant variations in regional properties, as well as the effects of atmospheric 
aerosols, were detected 

During the course of the Viking missions, numerous IRTM observing sequences were 
designed with photometric analyses in mind. Several hundred emission-phase-function (EPF) 
sequences, in which the IRTM instrument observed the same area on the surface for an extended 
period as the spacecraft moved overhead, were obtained; of these, about 200 sequences were 
obtained during daytime. Typical sequences consist of several thousand to several tens of 
thousand individual measurements of surface brightness gathered over a wide range of emission 
and phase angles and with spatial resolutions of several tens of kilometers. These observations 
were obtained randomly over much of the planet, but most lie within 45' of the equator (Fig. 1). 
The IRTM data set, as a whole, is well calibrated, having been corrected for inter-spacecraft, 
inter-detector, and temporal calibratioq variations; a conservative estimate for the absolute 
uncertainty inherent in this data set is 1-2% [16]. Thus, differences in regional properties inferred 
from photometric studies should be attributable to variations in the surface and/or atmospheric 
characteristics and not to calibration errors. To date, however, these sequences have not 
undergone the photometric analysis for which they were intended. 

We are investigating the relative photometric properties of several regions on Mars through 
analysis of the IRTM EPF observations. A first-order correction for scattering and extinction by 
atmospheric dust and a nonlinear least-squares routine to fit a simple Hapke photometric function 
[ l l ]  to the observations have been developed. The results of these analyses, in conjunction with 
mapping of regional thermal properties (also from IRTM data) and temporal albedo variations 
(using IRTM and imaging data), are being used to infer details of regional sediment transport and 
consequent properties of the martian surface. The photometric study may also allow quantitative 
investigation of the properties of martian dust and aerosols. 
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Figure 1: Map of approximate locations of individual IRTM emission-phase-function (EPF) sequences. Each 
cross corresponds to the average latitude, longitude coordinates for a single observing sequence; in reality, many 
sequences cover considerable areas. The few sequences at latitudes greater than f 60" are not shown. 
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