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Over the next decade one focus of Mars exploration will be a series of landers and rovers, 
starting with Mars Pathfinder [I]. An important component of the landed exploration of Mars will 
be to determine the chemistry and mineralogy of rocks. Important objectives for future 
measurements of rocks on Mars will be determination of coating thickness and properties and 
whether sensors will measure rock coatings or the underlying rock. In addition, the coatings 
themselves are of interest as to their origin and the relation of coatings to rock weathering on Mars. 
Coated rock surfaces are present at the Vilung Lander sites [2,3] and are found to have a very h g h  
reflectance in the forward scattering direction (i.e., specular reflection), similar to varnished rock 
surfaces found in arid terrestrial settings. The presence of these coatings may indicate that rock 
breakdown is largely by macroscopic spalling, providing surfaces that are relatively long-lived and 
capable of developing coatings through on-going weathering processes. 

Many rock surfaces at both Viking landing sites show bright, shiny surfaces at forward 
scattering geometries. Figure l a  shows a dramatic example for the Viking Lander 2 site, with the 
appearance of specular scattering from smooth, mirror-like surfaces. The sun in Figure la  is about 
5 degrees above the horizon. The camera, rock, and sun are in a nearly direct line (defined as the 
solar principal plane). Bright reflections can also be seen from several of the other smaller rock 
surfaces. The bright depression on the horizon is likely due to strong scattering from appropriately 
oriented rock surfaces since the camera will mainly see the tops of rocks as it looks close to the 
horizon. The point where the emission angle equals the incidence angle (i.e, the specular point) is 
at the base of the bright area below the horizon. Figure 1 b shows the same area under different 
lighting conditions with the sun about 60 degrees above the horizon and to the left of the image. 

Radiance factor values were extracted at several different lighting and viewing geometries 
for the bright rock surface shown in the near field of Figure 1. Procedures described in [2,3] were 
used to compute radiance factor values. The data were corrected for atmospheric scattering and 
absorption contributions using the brightness of shadows and optical depth measurements made 
by the Lander. Incidence and emission angles were computed assuming a horizontal rock surface. 
Radiance factor values from the red filter (about 0.70 micrometers) are listed as a function of phase 
angle in Table 1. The radiance factor value at a 150 degree phase angle is more then a factor of 2 
higher than any other value. In order to test whether this strong forward scattering is due to 
specular scattering, we used a scattering model presented in [4] that combines volume scattering 
and specular scattering due to Fresnel reflection from surface facets with a distribution of 
orientations. The model free parameters are the surface single scattering albedo, index of 
refraction, particle phase function, and a probability distribution of surface facet tilts. Model results 
that best fit the data are also listed in Table 1. These preliminary results indicate that the high 
reflectance at large phase angles is due to a specular scattering component from surface facets and 
is not just a forward scattering effect due to volume scattering. We are pursuing more refined 
model results by analyzing data at other wavelengths and by using the tilt of the rock surface. 

As stated, many rock surfaces at both landing sites show bright, shiny surfaces at large 
phase angles, suggestive of specular scattering. Rocks at the Viking landing sites have been 
interpreted to be mafic in composition [2]. If the rocks weather by sheeting or spalling as opposed 
to granular disintegration (i.e., typical of hyperarid regions on Earth [5]), they would tend to 
produce massive and relatively flat surfaces that would be susceptible to the development of 
coatings through on-going weathering. The development of coatings, in turn, will tend to further 
smooth the rock surfaces and lead to specular scattering. The implication of this style of 
weathering is that the rock coatings can, in some places, be thick enough to obscure the underlying 
rock, making in-situ measurements of rock chemistry difficult. The presence or absence of 
specular scattering from rock surfaces could be used as a tool by the IMP instrument on Mars 
Pathfinder [6] and future landed missions in selecting rocks for analysis and for further studying 
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the nature of the specular scattering phenomenon. 
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Figure 1. (a) Viking Lander image 2 1B 1241045, red filter. (b) Viking Lander image 2 1 A2 131025, 
red filter. Arrows point to the rock that shows specular scattering. The images are offset vertically 
because they were acquired with different elevation pointing settings. 
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Table 1. Observed and model reflectance data for Viking Lander 2 rock 

Phase Angle, degrees 1 Observed Radiance Factor Model Radiance Factor 

16.4 

16.5 

62.0 

122.1 

126.3 

150.9 

Notes: Observed reflectance values have an uncertainty of about 10% [2]. The observed 
radiance factor at phase angle of 150.9 degrees is a lower limit because the rock surface is 
saturated at the maximum DN. Model parameters are single scattering albedo of 0.67, real index 
of refraction of 1.5 (typical for clay), Henyey-Greenstein phase factor of -0.25, and RMS slope 
of 16 degrees for surface facets. 
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