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COMPARISON OF MAGELLAN MEASUREMENTS OF SURFACE ROUGHNESS ON 
VENUS TO TOPOGRAPHIC PROFILES OF TERRESTRIAL BASALTIC LAVA FLOWS. 
Bruce A. Campbell, Planetary Geosciences, Dept. of Geology and Geophysics, Univ. of Hawaii 

The Magellan spacecraft provides two measures of the roughness of surfaces on Venus: side-looking radar 
backscatter cross-section, and the delay spread of the altimeter system pulse. The SAR observations, collected at 
incidence angles from 15O-50°, are strongly affected by the wavelength-scale roughness of the terrain, while the 
altimeter measurements represent the backscatter cross-section of the surface within 6O-15O (depending on the 
latitude) of the nadir, where reflections from surface facets large with respect to the radar wavelength are assumed to 
predominate [I]. Interpretation of near-nadir backscatter data is often camied out using the Hagfors scattering law, 
which assumes that the surface can be modeled by an rms slope and a Fresnel reflectivity. The rms slope in the 
Hagfors model is based upon an assumed scattering surface with Gaussian surface height distribution and an 
exponential height autocorrelation function, and is defined as tanel(oh / L), where ah  is the standard deviation of 

the surface height, and L is the surface height autocorrelation length [2]. 
It is of considerable geologic importance to compare surfaces observed on Venus with terrestrial volcanic (and 

perhaps aeolian) features observed by similar radar sensors. The NASNPL DC-8 airborne radar system provides a 
means for comparison of specific radar cross-section at oblique angles of incidence (>25O) [3], but there are few 
measurements of the near-nadir scattering properties of terrestrial volcanic regions. In order to characterize such 
surfaces at large (many radar wavelengths) scales, topographic profiles were collected over 10 widely varied lava 
flows on Kilauea Volcano, Hawaii. These profiles have a horizontal sampling interval of 25 cm, lengths of 85-120 
m, and a vertical accuracy at each point of -0.3 cm. This sampling interval is twice the radar wavelength used by 
Magellan (12.6 cm). 

Figure 1 shows the 10 surface height profiles after the mean regional slope has been removed. These surfaces 
range from a ponded pahoehoe flow comprised of slightly hlted smooth plates, to very rough a'a flows comprised of 
spiny plates tilted at large angles. Analysis of these profiles is intended to: 1) investigate the surface statistical 
properties of terrestrial basalt flows, 2) provide a reference for comparison with Venus observations by estimating 
the near-nadir backscattering properties of the surfaces, and 3) permit integration of these measurements with the 
airborne SAR data for a more complete description of the surface scattering mechanisms. 

The first stage of the analysis involved calculation of slope and height distributions and the surface height 
autocorrelation function. This study showed that the surface height distribution is unimodal only for four of the 
flows. These four were of no single morphology, and in fact spanned the entire roughness range within the study 
group. The other six flows were characterized by two or more distinguishable groupings of elevations. An example 
of one such surface is a collapsed area of a ponded lava flow (Site 2), which has smooth-floored depressions and 
jagged plates atop isolated mounds. The surface heights thus often do not fulfill the assumption of the Hagfors 
model. Since the height distributions are not unimodal, the "rms slope" defined by Hagfors could not be directly 
assessed. All profiles are best characterized by exponential surface height correlation functions, which does agree 
with the Hagfors model assumption. 

In contrast to the surface heights, the surface slopes (determined by the first differences between profile points) 
are unimodally distributed for all ten profile sites. These slope distributions were used to characterize the near-nadir 
scattering behavior and to estimate the Hagfors model-derived rms slopes. The surface roughness estimator used here 
is the standard deviation of the slope distribution. This parameter was easily calculated for both the measured 
profiles and the various Hagfors model curves as a function of their rms slope parameter. It was observed that the 
standard deviation of the Hagfors slope distribution is consistently larger than the rms slope, and a table of these 
two values was constructed for inference of the model-derived rms slope from the slope standard deviation of the 
measured profile data. This approach ignores the effects of roughness at spatial wavelengths smaller than the 
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sampling interval. For the estimate of near-nadir backscatter to be valid, any such roughness must be isotropic, 
reducing the efficiency of facets at all slopes by the same amount. This seems a valid assumption from field 
observations, where it is noted that the small-scale roughness on these surfaces is in the form of a ubiquitous 
broken glass layer on pahoehoe flows, and a general spiny or vesicular structure on a'a flows. 

The profiles in Figure 1 are labeled with their slope standard deviations and their estimated Hagfors rms 
slopes. Site 5 required a Hagfors C-factor <lo, so no rms slope was defined. Comparison of these rms slope 
estimates to those made by Magellan for a number of volcanic provinces shows that, in general, large-scale 
roughness on Venus is similar to that of rather smooth pahoehoe surfaces on earth. Values of 2.0-3.0° for the 
plains regions [ l ]  are below the 3O calculated for the ponded pahoehoe flow [Site 11 on Kilauea (though an even 
smoother flow is present in the floor of Halemaumau crater). The overall Venus average of 4O would be 
intermediate between the two smoothest sites [Sites 1 and 21 in the Kilauea sample collection. There are localized 
regions of higher slope, most noteably a lava flow northeast of Sif Mons, whose rms slope is in the mnge of 6-9O. 
Such a surface is in the range of Kilauea profiles 8 and 10, two moderately billowy pahoehoe flows. 

The Venus data conh-ast with rms slope measurements of Mars at 12.6 cm wavelength [4], which show that 
the youngest volcanic regions have slopes of up to lgO, consistent with the rough a'a units measured here. Further 
work is required to assess the implications of these results, but these data suggest that surfaces with very rough 
morphology are not common in some large volcanic provinces [3], and perhaps are rarely formed under Venus 
surface conditions. 

References: [ l ]  Tyler, G.L., et al., (1991), Science 252: 265-270; [2] Hagfors, T., (1964), J. Geophys. Res., 69: 

3779-3784; [3] Campbell, B.A., and Campbell, D.B., (1992), JGR, submitted, [4] Moore, H.J., and Thompson, 
T.W., (1991), Proc. LPSC XXI, 457-472. 
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