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With the loss of Mars Observer and the high resolution altimetry data that would have been 
provided by MOLA, the extraction of elevation data from Viking Orbiter images using monoscopic 
photoclinometry and stereogrammetry to characterize the morphology of contractional features has become 
critical to advancing our understanding of their origin. A variety of landforms on Mars have been 
characterized using photoclinometrically derived topography [I, 2, 3,4, 51. In this study, we attempt to 
evaluate the sensitivity of elevation data derived through photoclinometry for irregular landforms, such 
as contractional features, to variations in key parameters. Elevations were derived using the Minnaert 
photometric function where the surface brightness is assumed to be a function of the solar incidence angle, 
the spacecraft emission angle, the surface normal albedo, and the Minnaert coefficient [see 11. Values for 
the wavelength-dependent Minnaert coefficient were derived by Tanaka and Davis [3] and Thorpe [6]. 
Two other critical parameters are the haze value and the flat field value. The haze value, determined by 
the amount of light scattered in the atmosphere and from the surfaces outside the pixel area, must be 
carefully chosen. A significant e m r  in the estimated haze value will result in an incorrect vertical 
exaggeration and thus inaccurate slopes. The haze value is estimated by examining brightness values in 
shadowed areas [see 3,7]. The flat field value is the brightness of a horizontal surface. It is one of the 
most important parameters in the asymmetric photoclinometric method [I]. An error in the estimated flat 
field will result in major distortions in the derived profiles including reversals in the true sense of slope 
[I, 31. 

In order to evaluate the sensitivity of these parameters for features with shallow slopes, profiles 
were generated across wrinkle ridges in northwest Lunae Planum. This area was chosen because of the 
availability of medium and high resolution Viking Orbiter images. One of the s t r u m s  examined is a 
typical wrinkle ridge assemblage [see 81 consisting of a first- and second-order ridge superimposed on a 
broad arch (fig. 1). The haze value for this analysis was determined by examining pixels in the prominent 
shadows cast by the scarp near the terminus of the ridge. The flat field value was estimated by 
determining the average of a 9x9 array of pixels located near the ends of the profile (west side 686 f 8, 
east side 686 * 6). The results of this run and all the others conducted indicates that the derived elevation 
profiles are extremely sensitive to small variations in the flat field value (fig. 2). The accuracy of the 
estimated haze value can be checked by comparing the photoclinometrically derived elevation of the ridge 
with elevations determined by shadow measurements. It is clear, however, because of the u n c e w t y  in 
the flat field value (fig. 2), the existence of an elevation change from one side of the ridge to the other 
can not be verified through photoclinometry alone. In the absence of other topographic data derived 
through stereogrammetry, the simplest working assumption is to assume that there is no significant 
elevation difference across the structure and adjust the flat field value until the profile meets this condition 
There are problems with this assumption, particularly as applied to wrinkle ridges. A number of factors 
may contribute to an actual elevation difference across the structure. One important consideration is the 
presence of lava flows on the ridged plains. Lava flows often occur in proximity to or are ponded along 
wrinkle ridges (see fig. 1). This could result in significant elevation differences. Another factor is 
regional slope. A gentle regional slope can result in elevation differences on the order of tens of meters 
across structures that are up to, and in some cases over, 10 km in width. Photoclinometry is not sensitive 
to gentle regional slopes. In addition, possible structural offsets must be considered. Elevation difference 
may result from displacement on thrust or reverse faults associated with wrinkle ridge formation [4,5,9]. 

In conclusion, it should be noted that if elevation differences exist across ridges or similar 
structures, they can not be resolved using photoclinometry alone. We plan to use photoclinometry to 
characterize the morphology of other contractional features such as lobate scarps and high-relief ridges 
[see 101. This is essential to developing kinematic and mechanical models for their origins. 
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Fig. 1. Wrinkle ridge assemblage in Fig. 2. Elevation profiles derived through 
northwest Lunae Planum (Viking Orbiter photoclinometry. Differences between the 
image 519A06). Black line indicates profiles are the result of varying the flat 
location of profiles shown in fig. 2. Note field value. The estimated haze value is 
lava flow fkont to the west of the ridge. 455. Vertical exaggeration - 20: 1. 
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