
LPSC XXI 1 5 7  

VOLCANIC DEPOSITS IN WESTERN ElSlLA REGIO: PRELIMINARY RESULTS OF 
RADAR POLARIZATION STUDIES: 6. A campbelll and D. 6. campbel12; 1: Planetary Geosciences 
Div., Hawaii lnst. of Geophysics, Honolulu, HI.; 2: Nat. Astronomy and Ionosphere Ctr., Cornell Univ., 
Ithaca, NY 

. J n t r o d u c t i o ~ :  Recent Venera 15116 [ I ]  and Arecibo Observatory radar images [2] have 
revealed the diversity and importance of volcanic processes on Venus. Mapping of these deposits and 
analyses of their surface morphology, dielectric properties, and spatial relationships are essential to 
understanding the styles and evolution of venusian volcanic terrains, and the role of volcanism in 
creating and modifying landforms. Much information on surface roughness and dielectric properties'can 
be gained from analysis of the polarization behavior of a target surface. In this work, we utilize 
dual-polarization images, collected during the summer of 1988 at Arecibo Observatory, to describe 
the surface properties and to map their spatial variability. These descriptions, and measurements of 
the geometry and extent of mapped deposits, will be used to test current models of volcanic processes 
[3,4] on Venus and to better understand the relationship between regional tectonic structures and their 
related volcanic terrains. 

m: A large amount of imaging radar data were collected at Arecibo Observatory 'during the 
1988 conjunction of Venus. The data analyzed here were collected at a wavelength of 12.6 cm, and 
have a spatial resolution of 1.5 to 2.0 km. A total of 25 individual radar "looks" were collected. A 
circularly-polarized wave was transmitted, and both senses of circular polarization were received 
[2]. The echo with circular polarization state orthogonal to that transmitted is referred to as 
"polarized" or "expected", as it corresponds to the echo expected from a flat reflecting plate. The 
echo with polarization sense identical to that of the transmitted wave is termed "depolarized". By 
measuring the complex (amplitude and phase) radar echo, we can form Stokes vector expectation 
(time-averaged) values. The four Stokes vector elements represent cross-correlations between the 
orthogonally polarized radar echoes. These vector elements can be used to separate the "unpolarized", 
or randomly polarized, component of the echo from the fully polarized return [S]. This technique has 
been useful in analyses of lunar radar images collected in the same way, as it permits the non-diffuse 
component of the depolarized echo to be calculated [6]. The polarization ratio (PR), defined as the ratio 
of depolarized power to polarized power, is also determined, and in conjunction with the two radar 
brightness values can be used to infer much about the surface morphology and dielectric constant [q. 

To aid in the analysis of the spatial relationships of these deposits, we constructed a contour 
map from the sparse (50-100 km footprint) Pioneer Venus Orbiter (PVO) orbital altimetry 
measurements. The radar images were used to guide the elevation contours through regions of poor 
PVO coverage. In this way, more of the high spatial frequency topographic information was retained. 
Perspective views of the radar images draped over a vertically exaggerated surface elevation map 
were generated to better visualize the geometry and distribution of flows with respect to large-scale 
topography. 

EisIIa Reaio: Eisila Regio is a broad uplift at the western tip of the equatorial highlands 
defined to the east by Aphrodite Terra The general elevation of this highlands province is 1.0-1.5 km 
above the planetary datum (6052.0 km). Beta Regio lies some 5000 km to the west, separated from 
western Eisila Regio by the lowlands of Guinevere Planitia. Two large volcanic structures, Sif Mons 
and Gula Mons, dominate the central portion of the broad uplift, rising 2.2 km and 4.2 km, 
respectively, above the datum. Sif Mons has been described as a shield volcano, with a central feature 
50 km in diameter, and a 500-km wide system of variably bright radial lava flows and irregular dark 
deposits surrounding bright "source" craters 121. Gula Mons is an elongate, rift-related structure with 
steeper slopes than Sif. The central bright region is about 150 km long, trending SW-NE along the peak 
of an elongate ridge. The flows from Gula appear to cover a 400-500 km wide region of the 
NW-trending ridge belt evident to the southeast, and a number of flows trend downslope from or divert 
around the elevated ridge topography. A 100-km long feature to the north of Gula Mons has the plan 
shape of a flow, but on closer inspection may well be an isolated region of elevated ridged terrain 
surrounded by the plains-forming materials of southern Sedna Planitia. The irregular dark patches 

.seen to the NW and SE of Sif Mons, and in smaller regions on the SW flank and near the summit, are not 
evident within the Gula Mons deposits. 
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polarization Inter~retat lon: The polarized and depolarized radar echoes, and their ratio, 
can be used to make inferences about surface roughness and dielectric constant [7]. Studies of lunar 
radar echoes led to the definition of "quasi-specular" (single scattering from radar-facing facets) and 
"diffuse" (random multiple scattering or wavelength-scale roughness) components. The quasi-specular 
component is assumed to add only to the polarized echo strength, and is strongly dependent upon 
incidence angle and dielectric constant (reflectivity). At low incidence angles (~20-30°), small 
changes in rms slope or large-scale topography cause large variations in the quasi-specular return 
[8]. The diffuse component has only a minimal dependence on incidence angle, and contributes equally 
to the polarized and depolarized returns. At any incidence angle, there will be some component of 
single scattering from most terrains, and this return is much more sensitive to changes in reflectivity 
than the randomly scattered echo. The area studied here spans an incidence angle range from about 2S0 
to 450 at its eastern extent By considering the radar brightness, incidence angle, and polarization 
ratio, we can make plausible interpretations of likely surface properties. 

prellmlnarv Results: The polarization behavior of volcanic deposits in western Eisila Regio 
can be grouped into three major categories. The first comprises the highly depolarizing, low PR echoes 
from what are interpreted to be radar-facing ridge walls or cliffs, and the southern rim of the central 
circular feature on Sif Mons. The exterior rim deposits and interior peak complexes of large impact 
craters also demonstrate this type of return, but over their entire circumference. Radar-facing 
topography is thus not adequate to explain the behavior of the crater rim deposits. The second type of 
return comprises the moderate-to-highly depolarizing, moderate-to-low PR echoes seen for most of 
the radial flows from Sif and Gula. There are variations of brightness and ratio within individual 
flows, consistent with possible changes in surface morphology. The third major type of return is the 
low-brightness, high PR echo seen for the dark deposits on the flanks and summit of Sif Mons. The 
central features of these deposits are typically moderately depolarizing, with low PR. 

A number of features do not conform to these; three simple groupings. In particular, there are 
small (10-50 km) areas on Sif Mons with high depolarized brightness and polarization ratios similar to 
the darker flows around them. An irregular moderate-brightness region to the SE of Sif and within a 
large dark deposit appears on the ratio image as two distinct terrains separated by a radar-facing 
ridge. The highly-depolarizing, low PR summit area of Gula Mons is surrounded by an irregular region 
of highly depolarizing, high PR terrain. Finally, the 100-km long feature N of Gula Mons has a very 
high polarized return, but minimal depolarized echo. This sets it apart from the apparent lava flows 
which trend N from Gula. 

jnter~retat lon and Future Work: The highly depolarizing, low polarization ratio areas are 
consistent either with rough radar-facing walls or cliffs, or with rough topography with high 
reflectivity. The latter expl'anation may fit the observed rim deposits of the large impact craters. The 
moderately depolarizing, moderate-to-low ratio lava flows which form much of Sif Mons are likely 
characterized by intermediate roughness, and reflectivity or rms slope greater than the surrounding 
plains. The dark deposits on Sif Mons are most likely porous material, with consequently low 
backscatter and a high degree of random polarization. Regional pyroclastic volcanism has been 
suggested as a possible mechanism to produce such deposits [2]; these data appear to support that 
interpretation. 

These interpretations are preliminary, and will be refined by detailed mapping and 
classification of individual units. The Stokes vector technique described above will be used to study the 
polarization behavior of the surface in detail, and the results will be integrated with the topographic 
information and available geophysical data to improve our understanding of the style and evolution of 
volcanism in this region. 
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