
LPSC XYV 1091 

TOPOGRAPHlC AND SURFACE ROUGHNESS PROPERTIES OF STEEP-SIDED DOMES 
ON VENUS AND EARTH FROM RADAR REMOTE SENSING AND FIELD MEASUREMENTS. 
Jeffrey J. Plaut, Ellen R. Stofan, Jet Propulsion Laboratory, California Institute of Technology, 
Pasadena, CA 91 109, David A. Crown, Department of Geology and Planetary Science, University of 
Pittsburgh, Pittsburgh, PA 15260, Steven W. Anderson, Black Hills State University, Spearfish, SD 
57799-9 102. 

Introduction 

Several hundred volcanic features with roughly circular planforms and steep margins were 
detected in Magellan radar images of Venus. First-order similarities in appearance led some 
workers to suggest that these Venusian domes were analogous to terrestrial silicic domes, in 
composition, lava viscosity and eruptive style [I-61. In their detailed characteristics of size, shape 
and surface morphology, however, Venusian and terrestrial steep-sided domes are considerably 
different, prompting a re-evaluation of the use of silicic domes as direct analogs for the Venusian 
features [7-91. We report here on efforts to constrain the gross shape, morphology of surface 
structures, and mean slope and roughness characteristics of steep-sided domes on Venus and Earth 
using radar remote sensing, as well as field measurements at several terrestrial sites. An 
understanding of geometric characteristics at scales from centimeters to tens of kilometers can be 
used to infer eruptive conditions and emplacement processes. Data sets used in the analysis include: 
for Venusian domes, Magellan SAR image and backscatter data, altimeter-derived roughness 
measurements, and stereo-derived topographic data; for terrestrial domes of the Inyo-Mono chain, 
California, AIRSAR multiple-angle, -wavelength and -polarization SAR image and backscatter data, 
TOPSAR interferometric radar digital elevation models, and field measurements of topography at 
25-cm horizontal intervals and surface block size distributions. 

Planform and profile shape 

The planform shape of both Venusian and terrestrial domes appears to be controlled by 
pre-existing topography, with circular planforms occurring when domes are erupted on terrain with 
small topographic gradients. Irregular planforms are more common on Earth, while circular 
planforms are more common on Venus. Venusian domes are most abundant in plains regions, 
which typically are quite flat, while terrestrial domes are often found in volcanic and tectonic 
settings that contain significant relief, such as the Long Valley Caldera 1 Sierra Front region. 
Venusian domes often display scalloped margins, thought to result from slope failure on the outer 
flanks, possibly associated with secondary eruptions [5]. This phenomenon is limited on Earth to 
domes developed on steep topography, such as the flanks of large edifices. Dome diameters are - 5 
to 100 km on Venus, and - 0.5 to 5 krn on Earth. 

Multiple-cycle Magellan SAR data acquired at different viewing angles were used to obtain 
high resolution topographic profiles and digital elevation models for many of the Venusian domes. 
Preliminary analyses indicate that Venusian domes typically show an overall concave profile, with 
elevated rim areas and depressed centers. In contrast, topographic profiles derived fron TOPSAR 
digital elevation models show that terrestrial dome profiles in the Inyo chain are typically convex, 
with elevated central summit vent areas that show considerable local relief. The concave profiles of 
many Venusian domes imply post-eruptive deflation of their central zones, which is rarely observed 
on terrestrial silicic domes. 

Surface roughness characteristics 

Venusian steep-sided domes exhibit surface roughness properties in Magellan SAR 
backscatter data that are comparable to those of typical Venusian plains. Multiple-incidence angle 
backscatter cross section data (scattering "laws") indicate that the upper surfaces of Venusian domes 
are only slightly rough at the 12-cm wavelength scale, and that the dielectric constants do not differ 
significantly from typical Venus values. As noted in [2], altimeter-derived rms slope estimates are 
primarily in the range of 1'-So, and these values typically differ from those of the surroundings by 
only f 2". 

In contrast, the scattering laws of the Inyo-Mono dome surfaces show little dependence on 
incidence angle, consistent with their extremely rough appearance in the field. Backscatter cross 
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section values in AIRSAR data interpolated to a 12-an wavelength are 5 to 10 dB higher than values 
obtained on Venusian domes at similar incidence angles. 

25-cm-interval topographic transects 30-100 m in length were acquired at 25 sites on silicic 
domes in the Inyo-Mono and Medicine Lake Highland areas, and for comparison, on basalt flows in 
the Cima volcanic field. Data reduction included: detrending, rms height (standard deviation of 
surface heights relative to the mean), rms slope (standard deviation of point-to-adjacent-point 
slopes), and correlation length (offset for which autocorrelation function falls to lle). Block size 
distributions were also obtained along each transect. Table 1 shows results for several sites (see [9] 
for unit descriptions). Most of the roughness parameters of silicic domes far exceed those of basalt 
flows, except for some of the roughest a'a sites. Blocks larger than 20 cm commonly cover over 
50% of the surface, indicating that large-scale facets will predominate over subwavelength scatterers 
in SAR backscatter measurements. Rrns slope values are generally over 20°, significantly higher 
than published values for basalt flows [lo] and than Hagfors-modeled Magellan altimetry values for 
Venusian domes [2]. 

Summary 

Differences in the geometric characteristics of terrestrial silicic and Venusian steep-sided 
domes at scales from centimeters to tens of kilometers are revealed by detailed analysis of radar- 
derived topographic and surface roughness information. Field measurements of terrestrial domes 
support the interpretation that the upper surfaces of terrestrial and Venusian domes are vastly 
different in their textural properties. The differences require a re-evaluation of the silicic model of 
origin for the Venusian features: either the Venusian domes do not consist of silicic lavas, or silicic 
volcanism does not operate in the same fashion on the two planets. 
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TABLE 1. SURFACE ROUGHNESS CHARACTERISTICS 

Site Rms Height, Rms Slope. Correlation Arctan (h/l), Blocks, Blocks, 
rn degrees Length, degrees % c 10 cm % > 20 cm 

m 

Obsidian Dome, 
ridges 54.31 

Obsidian Dome, 
jumbled 30.09 

Obsidian Dome, 
vent 82.29 

Obsidian Dome, 
slabs 50.86 

Cima, 
a'a channel 32.49 

Cima, 
a'a margin 53.18 

Kilauea, 
pahoehoe 10 7.70 

Venus, 
steep-sided domes2 
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