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NEW RADAR-DERIVED TOPOGRAPHY OF ANCIENT AQUEOUS SEDIMENTATION 
BASINS ON MARS; J. M. Goldspiel and S. W. Squyres, Cornell University; M. A. Slade and R. 
F. Jurgens, NASA Jet Propulsion Laboratory; S. H. Zisk, University of Hawaii. 

The lack of topographic information of high accuracy and spatial resolution is a persistent 
problem for many detailed studies of the martian surface. The Mars Observer Laser Altimeter 
(MOLA) instrument t o  fly aboard the Mars Observer spacecraft will greatly improve knowledge of 
the planet's topography, but MOLA data will not begin to  become available until late in 1993. Until 
these data  are available, the best sources of regional topography are the results from ground-based 
radar observations. 

A set of delay-Doppler observations of Mars was made with the Goldstone radar facility at 3.5 
and 13 cm wavelengths during the 1988 and 1990 oppositions. These oppositions provided a par- 
ticularly good opportunity for radar studies because of the relatively close approach of Mars during 
1988 and because of improvements in the Goldstone antenna and the 3.5-cm radar system made 
prior to these observations. The 1988 and 1990 radar results consist of 21 tracks which cover the 
southern equatorial region from 3.6's to  25.1's. Major structures surveyed include Tyrrhena Pat- 
era, crater Huygens, Ma'adim Vallis and Melas Dorsa. The topographic profiles have a horizontal 
resolution of 0.05' longitude ( ~ 3  km) and a vertical resolution on the order of 100 m. 

The elevation within each 0.05O longitude bin is actually the average determined from several 
delay-Doppler observations. A delay-Doppler image is a record of the reflected signal power as 
a function of Doppler shift and time delay. The elevation for a particular Doppler channel is 
determined from the time delay of the peak in the reflected signal after the delays due to  the 
curvature of Mars are subtracted. The position of the peak is calculated by linearly interpolating 
between the square roots of the reflected power near the strongest return. Only returns originating 
from within 2 degrees of the subradar point were used to generate the topographic profiles. The 
scattering function is essentially flat for this range of incidence angles, making it unnecessary to 
include a detailed treatment of the scattering law in the analysis. 

One primary goal of these radar measurements was to determine the topography of several 
sites in the heavily cratered southern highlands where aqueous sedimentation apparently took place 
early in the history of Mars [I]. One of the best examples of a probable ancient sedimentation basin 
is a large depression in the Margaritifer Sinus SE sub-quadrangle. This basin and two smaller ones 
are illustrated in the valley network map shown in Figure 1. The sub-radar track for one series 
of observations passes over the center of the large basin (Figure I), and the corresponding radar 
results (Figure 2) indicate that it has a depth of approximately 700 m with drainage slopes of 
approximately 0.005 to  the west and 0.010 to the east. While the basin may not have been com- 
pletely filled with water it appears that enough water accumulated to overtop a divide towards the 
northwest. The basin shown in Figure 1 may therefore have once held enough water to have formed 
a lake of hundreds of meters depth. Depths found from our observations for other possible aqueous 
sedimentation basins range from 500-1400 m, though in most cases there is little information on 
former water levels. 

In addition to  basin topographies, this radar data set includes many medium and large sized 
craters (Figure 3). The depthldiameter ratios of these craters will be determined and compared to 
the earlier findings of Roth et ab. [2], Pike [3], and others. The radar profiles will also be compared 
to  the present USGS Mars Digital Terrain Model. 
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Fig. 1 Map of the Margaritifer Sinus SE sub-quadrangle with sub-radar track indicated. 
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Fig. 2. Radar profile of the Margaritifer Sinus SE sub-quadrangle. (21.7's) 

Fig. 3. Radar profiles of three craters. 
Two craters overlap. (21.7' S) 
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