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Introduction: The Phoenix Mars Scout mission, 
to be launched in August 2007 down-selected their 
choice of landing target area to “Region B” in De-
cember 2005 [1]. Region B, bordered by latitudes 
65ºN and 72ºN and longitudes 120ºE and 140ºE, was 
selected for landing safety in addition to the science 
potential of landing sites within it. 

A critical consideration for landing safety is rock 
coverage: the rock abundance must be < 18%. For 
Phoenix a difficulty arises in the determination of 
rock abundance at high latitudes. The dataset that has 
been used for rock coverage evaluation of previous, 
near-equatorial, landing site selections is the 1º reso-
lution rock abundance derived IRTM thermal-inertias 
[2]. At high-latitudes the technique of deriving rock 
abundance from thermal inertia becomes more uncer-
tain because there is less diurnal thermal contrast. 
Nevertheless, the rock abundance estimate from this 
technique for Region B is 18%, like the Viking 
Lander 2 (VL2) site, which also serves as a geomor-
phic analog for Region.  

Other techniques have been applied to measuring 
the Phoenix Region B rock abundance. Rock abun-
dance and boulder characteristics have been deter-
mined using MOC data [3-4]. Further evaluations 
have been attempted with bi-static radar experiments 
[5-6]. In [5] UHF transmissions from Earth were re-
ceived by the Mars Odyssey spacecraft. The direct 
signal is compared to the echo specularly reflected 
off the Martian surface to evaluate dielectric constant 
and possible near-surface ice layers. In theory a di-
electric constant measurement can distinguish be-
tween loose soil (ε~2) and dense rock (ε≥5). Unfor-
tunately the polarization performance of the UHF 
transmitter limited the interpretability of the data (J. 
Callas, personal communication). The bi-static radar 
experiments carried out with the Mars Express 
(MEX) spacecraft [6] worked better, and sampled the 
VL2 region bistatically at both 3.5 cm and 12.6 cm 
wavelength scales. However, MEX will only sample 
Region B directly in June 2006. The VL2 MEX data, 
while generally in family with previous observations, 
were puzzling for their wavelength dependence, and 
warrant further review. Notably, the observation date 
of the data presented in [6] was Dec. 12, 2005, when 
LS~330º, in mid-to late northern winter, so surface 
frost deposits may be part of the explanation. 

Goldstone-VLA Radar Data: We report on the 
analysis of existing Earth-based radar data from the 
Goldstone-Very Large Array (GVLA) combination. 

Unlike the radar evaluations of near-nadir quasi-
specular backscatter for the Viking, Pathfinder 
(MPF), and Mars Exploration Rovers (MER), the 
backscatter radar data available for Phoenix only ex-
ist at high incidence angles. GVLA data are gener-
ated by continuous wave transmission from the Gold-
stone Solar System Radar (GSSR), reception at the 
VLA, and interferometric imaging of the received 
echoes. GVLA experiments generate a global dataset 
at about 60 km resolution of diffuse (incidence angle, 
θ>30º) radar scattering behaviors [7]. The GVLA dif-
fuse scattering behaviors are reported as parameters, 
AP and nP, of cosine scattering models which describe 
the reflectivity, σ0, as a function of  θ: 

σ0
P(θ) = AP cosn

P θ          (1),    
where the subscript P denotes either the same-sense, 
or opposite sense of circular polarization (P=SC and 
OC respectively). In radar jargon, these polarization 
channels are also referred to as ‘depolarized’ and ‘po-
larized’ respectively. The total cross-sections are 
 CP = AP / (nP+2)         (2). 
The GVLA parameters for proposed and past landing 
sites are listed in Table 1. The uncertainty on the 
high-latitude fits is larger than for previous landing 
sites because the fits are based only on high incidence 
angle data, as shown in Figure 1. 
 

 
Figure 1. GVLA SC data at Region B, with two 
equal fits (green). The SC reflectivity is higher 
than at VL2 (blue).  
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Extracting Rock Coverage: Baron et al. [8] de-
veloped a technique that ties the diffuse backscatter 
to the rock coverage. The method calculates back-
scatter from each individual rock in a distribution and 
obtains the full surface cross section, by adding up 
the backscatter of all the rocks. This plausibly sug-
gests linearity of surface rock abundance influence on 
reflectivity. Among the fit parameters to eq.(1), and 
the cross sections of eq.(2), only the OC cross-
section, COC shows correlation to the IRTM rock 
coverage (also Table 1), as shown in Figure 2. 
 

 
Figure 2. COC versus IRTM rock coverage shows 
correlation. Red line = fit to all sites. Green = fit 
without Athabasca and VL2. Blue dashed line is 
Region B cross section. 

 
The observed dependence of diffuse scattering cross-
section on rock abundance is far from cleanly linear. 
This was noted by [8], suggesting a  

We observe that Region B has cross sections in 
family with VL2, and with the proposed Athabasca 
MER site, both with <18% rocks. With this, our main 
argument for confirming the 18% rock coverage at 
Region B remains the geomorphic analogy between 
Region B and VL2.  

Ice cover issue: All Region B data were acquired 
at LS~18º, at the end of northern winter. Aharonson et 
al [9] suggest that at the Region B latitude the CO2 
ice accumulation would only be of order 20 or 30 cm 
at that time. As cold CO2 ice is both transparent and 
has real ε~2.3, this should not greatly affect the 
analyses. However, unanalyzed GVLA data from 
1999 during northern summer will certainly improve 
the fits (Fig.1). Future work will refine layer model-
ing of ice over rough surface. In particular one might 
assume a smoothing of the annealing ice surface rela-
tive to the rock covered ‘dry’ surface and ask how a 
rougher interface under an 8-wavelength-thick layer 
of transparent material with a less rough surface in-
fluences diffuse backscatter at ~70º incidence angles. 
A tractable problem upon which we hope to report on 
at the meeting. 
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Table 1. Goldstone-VLA diffuse scattering radar properties of proposed landing regions on Mars. 
Landing 
Region 

Latitude Longitude IRTM 
Rock % 

ASC nSC CSC AOC nOC COC µ 

VL1 22.3ºN 48.0ºW 16 0.062 0.76 0.022 0.078 0.12 0.037 0.60 
VL2 47.7ºN 225.7ºW 17 0.041 0.03 0.020 0.161 0.14 0.075 0.27 
MPF 19.3ºN 33.6ºW 18 0.038 0.20 0.017 0.085 0.17 0.039 0.43 
Gusev 14.8ºS 184.9ºW 8 0.082 0.78 0.029 0.149 1.07 0.049 0.61 
Meridiani 2.1ºS 6.1ºW 5 0.028 0.18 0.013 0.064 0.47 0.026 0.50 
Isidis 4.3ºN 272.0ºW 14 0.077 0.59 0.030 0.100 0.14 0.047 0.63 
Athabasca 9.0ºN 205.1ºW 13 0.234 0.86 0.082 0.198 0.51 0.079 1.04 
Melas 9.1ºS 76.4ºW 12 0.033 0.28 0.014 0.082 0.53 0.033 0.44 
Eos 13.3ºS 41.4ºW 17 0.041 0.26 0.018 0.110 0.63 0.042 0.44 
Region A 68.0ºN 100.0ºW  0.047 0.06 0.023 0.109 0.13 0.051 0.45 
Region B 67.5ºN 230.0ºW  0.093 0.24 0.041 0.173 0.33 0.074 0.56 
Region C 70.0ºN 280.0ºW  0.011 0.01 0.006 0.014 0.00 0.007 0.78 
Region D 70.0ºN 117.0ºW  0.036 0.12 0.017 0.066 0.00 0.033 0.52 

The fits were done precisely at the specified center location with a spatial resolution of ~60km. 
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