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man,  California Ins t i tu te  of Technology, M. A. Slade, Jet Propulsion Laboratory 

Introduction: We have conducted several unique radar experiments in an effort to further under- 
stand the surface of Mars. The experiments were carried out during the oppositions of 1988, and 1992193. 
The experiments resulted in well-calibrated, unambiguous radar images of the entire visible disk at many 
viewing geometries. The images were constructed using the Very Large Array (VLA) in Socorro, New Mex- 
ico to receive and map radar flux at 3.5 cm which was continuously transmitted from the Jet Propulsion 
Lab (JPL) 70-m antenna at Goldstone, California and reflected from the surface of Mars. A preliminary 

1s m a p  description and interpretation of the data from the 1988 experiment has already appeared (1). Th' 
ping technique has also been used in the past to image Mercury (2) and Venus (3), and to obtain echoes 
from Saturn's largest moon, Titan (4). The entire Martian surface has been imaged, at resolutions as good 
as 100 km. This abstract and talk will only concern the results for the polar regions of the planet. We 
imaged south polar regions in 1988, during mid southern summer (L, - 295O), and found a highly reflective 
feature associated with the residual south polar ice cap (RSPIC), which was exposed at the time. The peak 
normalized cross section of this feature in the same sense circular polarization as that transmitted (SS) was - 0.7. This feature also had a polarization inversion, meaning that more echo energy was returned in the SS 
polarization than in the opposite sense circular polarization (0s) .  The most favored mechanism to produce 
this effect requires a low loss medium with many scattering centers, indicating that the RSPIC had many 
discontinuities (cracks and voids) in it's upper few meters. We imaged north polar regions in 1992193, dur- 
ing early northern spring (L, - 20°), and found no similar features (with high reflectivity OR polarization 
inversion) associated with the residuql north polar ice cap (RNPIC). We think that there are three causes 
for the difference: 1 - there is some fundamental difference in the structure and/or composition (amount of 
dust contaminant) in the two residual caps, 2 - the residual COz cap was not sublimated away during the 
1992193 experiments, and absorbed some of the incoming radar energy, and 3 - the north polar regions were 
imaged with slightly poorer geometry (higher incidence angles). 

Observations a n d  D a t a  Reduction: We observed Mars on October 22, 1988, at a distance of - 0.46 
AU, when the subearth latitude was - -24'. The range of subearth longitudes was - 40' - 160'. We again 
observed the red planet on December 29, 1992, and January 12, 1993, at a distance of - 0.63 AU, when the 
subearth latitude was - +8' . The range of subearth longitudes was - 337' - 194'. On each date, periodic 
observations of quasi-stellar objects were used to  calibrate the phases of the observed visibilities, and an 
observation of a source of known flux was used to calibrate the amplitudes. Because of the rapid rotation of 
the planet, the data was split into many "snapshotsn, each of about 10 minutes duration. After subtraction 
of the thermal emission signature from the surface, the data for each snapshot were then self-calibrated 
using the phase closure method on the specular spike in the OS visibilities. The data for each polarization 
were then mapped and the known antenna response ("beam") deconvolved out using a modified CLEAN 
algorithm. The result is a well-calibrated radar reflection image for each received polarization of the entire 
visible hemisphere of Mars for each snapshot. Polar (latitudes above 65') reflectivity images were then 
constructed by projecting the proper polar region (south for the 1988 data, north for the 1992/93 data) 
for each snapshot into an individual stereographic image, then averaging these individual images with the 
appropriate weighting. 

Polar  Reflectivities: The south polar images show a highly reflective feature in both polarizations 
whose location corresponds closely to that of the RSPIC, which we resolve. At the time of the observations, 
the seasonal COz cap had entirely sublimated away, so the feature was due to  the RSPIC itself. The peak 
normalized cross section was 0.716 f .009 for the SS polarization, and 0.312 f .014 for the OS polarization. 
These reflectivities are very high, particularly considering that they occured at an incidence angle of - 66'. 
The peak polarization ratio (ratio of SS to OS reflectivity) was - 2.3, and the ratio throughout the extent 
of the highly reflective region was > 1. The occurence of high reflectivities and polarization ratios > 1 is an 
uncommon one in radar studies, but has also been found on the icy Galilean satellites (see (5) for a review), 
the polar regions of Mercury (1,6), and a portion of the Greenland ice sheet (7). The mechanism to produce 
this signature is poorly understood, but the effect is probably due to the penetration of the radar wave into 
a relatively lossless medium which contains many scatterers (8). This implies that the ice in the upper 10's 
of meters of the RSPIC was very lossless (less than 1% included dust), and contained many scatterers. The 
scatterers could not have been dust layers or rocks, as too much energy would have been absorbed during the 
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many subsurface scattering events to  reproduce the high reflectivities. The alternative is that the scatterers 
were cracks and voids in the ice. 

The north polar images tell a significantly different story. There was no region northward of - 75' which 
had a high reflectivity in either polarization, or had a polarization inversion. There were two regions at lower 
latitudes which had slightly enhanced cross sections (peak OS cross section - .14), but no polarization in- 
version (ratio of - 0.5). This result was quite surprising to us at first, but we attribute it to the combination 
of three effects: different geometry, different season, and fundamental structural or compositional difference. 
Each of these effects will now be discussed. 

During the 1988 experiment, the subearth latitude was -24O, giving us a relatively good view of 
the south pole and the RSPIC. During the 1992193 experiments, the most northerly subearth latitude was - +go , so the pole was considarably closer to grazing incidence. This difference in incidence angles may 
explain part of the discrepancy, but there are indications that this is not the case. First, our Mercury experi- 
ment, which showed a north polar feature similar to that at  the RSPIC, was at - 79O incidence angle, similar 
to that for the Martian north polar observations. Also, the large extent of the RNPIC implies that there 
were portions of the cap which were at much lower incidence angles during the experiments, indeed similar 
to the 66' of the south polar observations. However, in an attempt to correct for the different geometry, 
we made weighted least squares fits to a cosine law backscatter model for the polar regions. The RSPIC 
feature shows up clearly in these fits, as expected. In the north, there are features in the SS fits near the 
southeastern edge of the residual cap, although the peak cross section is about a factor of 6 less than that 
for the RSPIC feature. This seems to indicate that the geometry is indeed a factor, but the reliability of the 
fits remains in question, since the excursion in incidence angle for most of the fits is less than 15O, and at 
high incidence angles. 

At the time of the north polar observations, the Martian season was early northern spring, so a sig- 
nificant portion of the entire extent of the seasonal C02 cap would be expected to still be present. The 
seasonal cap at this time is most likely a low porosity polycrystalline layer of CO2 with very small amounts 
of included dust, with a depth of 2 0.5 m. Assuming that C 0 2  ice has the same loss tangent as Hz0 ice, we 
have calculated the amount of absorption caused by such a layer, and we find that for angles other than very 
near grazing, this absorption cannot explain the difference in the polar reflectivities. It certainly contributes 
to  the difference, but cannot be the only cause. 

If the difference is not due entirely to geometry and the seasonal cap, it must imply some fundamental 
difference between the two residual caps. For our purposes, this difference could either be in the transparency 
of the two caps (i.e. amount of included dust), or in the number of scatterers (cracks and voids). There has 
been some indication that the RNPIC is "dirtier" than the RSPIC (9), and we may be seeing the signature 
of this at 3.5-cm. However, there is still some controversy about the actual amount of dust needed to make 
the RNPIC "dirtiern (10). If the amount needed is less than a few percent, then it does not affect our 
measurements significantly, as the loss tangent of the bulk iceldust mixture would still be very low. If the 
difference is structural, there must be some difference in the production or destruction rate of scatterers. 
The production of scatterers is most likely either a thermal process (for the RNPIC only) or due to  motion 
(i.e. glaciation). For the RSPIC to have more scatterers, it must have significantly more underlying relief, 
and hence more motion. The destruction of most cracks and voids is most likely through filling with C 0 2  
frost, which is a very fast process (seasonal). However, if there is no communication with the atmosphere, 
then the cracks and voids are likely closed by simple viscous relaxation. For Hz0 ice, this relaxation is a 
very long process (millions of years). If the upper meters of the RSPIC are C 0 2  ice, then this process may 
be somewhat faster there, but the rheological properties of COz ice are unknown, so this is uncertain. 
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