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Introduction:  Mars has traditionally been a diffi-

cult target for Earth-based radar imaging because of its 
rapid rotation, which not only lowers the echo spectral 
density but also produces an “overspread” condition 
that precludes mapping with standard delay-Doppler 
methods. However, some success in Mars imaging has 
been achieved over the last two decades using two 
novel radar techniques: (1) X-band synthesis imaging  
using a Goldstone-VLA bistatic radar system [1,2,3], 
and (2) S-band delay-Doppler imaging at Arecibo us-
ing a new “long-code” method to mitigate echo over-
spreading effects [4,5,6]. These first imaging efforts 
showed that the strongest depolarized echoes (an indi-
cator of wavelength-scale surface roughness) come 
from the younger volcanic surfaces on Tharsis, Ama-
zonis, and Elysium, a result which confirmed earlier 
inferences based on Arecibo CW (non-imaging) ob-
servations [7,8]. They also revealed enhanced echoes 
from the polar ice caps, which was attributed to vol-
ume scattering within the ice rather than surface 
roughness. 

The last Arecibo radar observations of Mars with 
the old (pre-upgrade) system were made in 1993, and 
this was followed by a long hiatus imposed by the up-
grade down-time and Mars’s long southern excursion 
outside the telescope’s declination window. The first 
opportunity to reobserve Mars with the upgraded tele-
scope came during the 2005 opposition, at which time 
we conducted a campaign of long-code delay-Doppler 
observations designed primarily to image the planet at 
a much higher resolution than in the past. 

Observations and Data Analysis:  The observa-
tions were conducted on eight dates between October 3 
and December 20, 2005. We transmitted a long (non-
repeating) code with a 10-µs baud, giving a delay reso-
lution of 1.5 km (10 times better than the pre-upgrade 
observations). The loss of one of the transmitter kly-
strons limited us to half power, which gave some loss 
in image quality. The delay-Doppler analysis and map-
ping were done using an on-the-fly approach based on 
summation of 10-s snapshots. This produced large-
scale radar reflectivity images with an average surface 
resolution of 3 km. Images were made in both the 
“OC” (polarized) and “SC” (depolarized) senses of 
receive circular polarization. The SC images are best 
for mapping surface roughness, being free of quasis-
pecular glare and less affected by the self-clutter noise 
inherent in the long-code method. Although the OC 
images are strongly affected by clutter noise, they were 

good enough to allow us to make the first radar polari-
zation-ratio images of the planet. All of the images are 
subject to a north-south mapping ambiguity about the 
Doppler equator. However, the image confusion from 
this ambiguity is not as bad as one might expect, for 
two reasons: (1) The sub-Earth latitude was far enough 
south (11–19°S) that nearly all of the radar-bright 
features are north of the Doppler equator and little 
affected by ambiguity foldover from weak echoes from 
the cratered highlands, and (2) there is enough lever-
age from changing sub-Earth aspect that ambiguity 
foldover features are easily identified by their smear-
ing. 

Imaging Results:  Here we present and discuss 
some of the preliminary imaging results from the 2005 
campaign on a region-by-region basis. 

Tharsis and environs: One of our depolarized (SC) 
images centered on the Tharsis volcanic ridge is shown 
in Fig. 1. The image is dominated by radar-bright lava 
flows north of the Doppler equator. The only obvious 
bright feature south of the Doppler equator comes 
from the Daedalia Planum lava flows in the southwest 
corner. The remaining bright features in the south are 
smeared ambiguity foldover.  

 

 
 
Figure 1: SC radar image of the general Tharsis re-
gion. The image extends from 60–160°W longitude 
and ±50° latitude. 
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Near the center are bright features from the Ascraeus 
Mons and Pavonis Mons shields and the East Pavonis 
Lava Apron. To the northwest are the Olympus Mons 
shield and the bright surrounding flows from the 
Olympus basal plains. The brightest echoes are from 
Arsia Mons and the northern part of Daedalia Planum, 
although here the proximity to the Doppler equator 
distorts the imaging. The older minor shields of Biblis 
and Ulysses Patera and Tharsis Tholus appear as dark 
islands sticking up out of the surrounding younger, 
radar-bright flows; apparently the surfaces of these old 
shields are smooth at decimeter scales. Other (non-
volcanic) islands of old radar-dark terrae include For-
tuna Fossae in the eastern Tharsis volcanic plains and 
the dark spots that can be seen mottling the Daedalia 
Planum feature. Another radar-dark feature can be 
seen in the center of Fig. 1, just NW of Pavonis Mons, 
that corresponds precisely with the location of the 
“Pavonis Mons Fan-shaped Deposit”, recently sug-
gested to be a glacial deposit [9]. A similar but smaller 
radar-dark feature can be seen west of Ascreaus Mons. 
      In Fig. 2 we show an image of the circular polari-
zation ratio µc (the ratio of the SC to OC reflectivity) 
covering the same region as that shown in Fig. 1. 
 
 

 
 
Figure 2: Image of the circular polarization ratio over 
the same region as Fig. 1. The color code goes from 0 
to 2 (blue to red), with the green tint corresponding to 
µc values in the range 0.85–1.15. The multicolored 
mottled region at the top is where the ratios are too 
noisy to be reliable. 
 

A comparison of Figs. 1 and 2 shows that vast portions 
of the radar-bright flows in Tharsis have essentially 
unity polarization ratio, a result that is not surprising 
given earlier indications from old Arecibo CW obser-
vations [7,8]. Apparently the surfaces of these flows 
are so rough as to completely randomize the polariza-
tion of the backscattered wave. Such high ratios are 
very unusual on the Earth, even for the roughest a’a 
lava flows, and have only been seen for extremely 
blocky flows such as SP flow in Arizona (where a co-
herent backscatter effect may be contributing) [10]. 

Elysium and Amazonis: Although Elysium and 
Amazonis were known to be regions of strong depolar-
ized backscatter from the old Arecibo CW observa-
tions [7,8], the precise sources and remarkable struc-
ture of these radar-bright features were unknown prior 
to the first Arecibo long-code imaging of 1990 [4,6]. 
Those images showed that much of the Elysium 
brightness was concentrated in the Elysium Basin and 
in the Marte Vallis channel that appears to drain that 
basin. The radar brightness was consistent with the 
presence of young, rough lavas that apparently ex-
ploited the preexisting lacustrine basin and water out-
flow channel [11,12]. The Arecibo images also sup-
ported the notion that the radar-bright flows in north-
ern Amazonis are debouched or ponded flows deriving 
from Elysium Basin and Marte Vallis [6,12]. The new 
2005 Arecibo images show all of these same features, 
but at a much higher resolution that reveals detailed 
structure. An SC image centered on Elysium Basin and 
Marte Vallis is shown in Fig. 3. Note the detailed 
structure in the basin and the braided sub-channels in 
Marte Vallis. Most of this structure correlates closely 
with optically dark lava flow features in orbiter im-
ages.  Elysium Mons also shows radiating flow struc-
ture not seen before. As with the older Tharsis shields, 
the minor shield of Albor Tholus appears radar-dark 
relative to its surroundings. 
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Figure 3: SC radar image of portions of Elysium and 
western Amazonis Planitiae. Elysium Mons is at upper 
left, Elysium Basin is just below and left of center, and 
the Marte Vallis channel flows off towards the NE to 
its debouchment in Amazonis. The image extends from 
167–213°W longitude and from 14°S to 34°N latitude. 
 
Chryse and chasmata: The pre-upgrade Arecibo imag-
ing showed some moderately bright SC features in 
Chryse Planitia and environs [5]. These features are 
fainter than the Tharsis volcanic features and are 
probably caused by surface and near-surface rocks and 
other debris rather than by volcanic flow texture. The 
new post-upgrade imaging (Fig. 4) confirms these fea-
tures and shows some additional structure in this re-
gion. The generally enhanced brightness from Chryse 
Planitia (including the Viking and Pathfinder lander 
sites) is confirmed, and probably indicates higher sur-
face rock populations relative to the adjacent cratered 
highlands. Also confirmed are bright features from 
Maja Vallis and the plateau bordering the Simud Vallis 
chaos. An interesting new development, enabled by 
the improved resolution and lower sub-Earth latitude, 
is the identification of bright features from the Vallis 
Marineris canyons and other chasmata south of Chryse 
(see Fig. 4). Glints can be seen from the radar-facing 
north rimwalls of the canyons. These are probably 
associated with diffuse backscatter from rim rubble, 
enhanced by radar layover effects and reduced inci-
dence angles. Another interesting feature is the en-
hanced backscatter from the plateau bordering the 
Gangis Chasma chaos, which may be analogous to the 
Simid plateau feature. Although the nature of these 
features is unclear, it seems likely that they are related 

in some way to the processes producing the adjacent 
chasmata. 

 
 

 
 
Figure 4. SC image showing Chryse Planitia (center 
top), canyons and chasmata (just north of Doppler 
equator), and eastern Tharsis volcanic plains (center 
left). The image extends from 0–100°W longitude and 
±50° latitude. 
 
      South polar ice cap: One of the major discoveries 
from the Goldstone-VLA imaging was of a bright fea-
ture from the south polar ice cap [1,2,3]. It was pre-
sumed that this feature is caused by coherent volume 
backscatter within the ice, a process also invoked to 
explain the bright echoes from the icy Galilean satel-
lites. A south polar feature was also found in the pre-
upgrade Arecibo data, although this S-band feature 
was about three times weaker than the X-band feature 
and no true spatial image was formed from those data. 
By averaging four days of data from the 2005 Arecibo 
observations, we have now obtained the first delay-
Doppler image of the south polar feature (Fig. 5). The 
bright radar feature corresponds closely to the  location 
and polar offset of the residual south polar ice cap. In 
some places the outer edges of the radar feature extend 
beyond the edges of the optically bright residual cap, 
an effect which has also been seen in recent Gold-
stone-VLA imaging [13]. There is also some evidence 
for structure in the interior of the S-band feature (see 
Fig. 5), including a bright crescent-shaped feature seen 
poleward of the 85°S latitude circle. 
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Figure 5. SC image of the south pole of Mars. The 
0°W longitude meridian is at bottom and the 90°W 
longitude meridian is at right. The circles denote 5° 
latitude circles. 
 

Conclusion: We have presented some preliminary 
results from the first post-upgrade Arecibo radar ob-
servations of Mars. These are by far the highest resolu-
tion radar images of the planet, with a quality ap-
proaching that of Earth-based radar images of Venus. 
Further work will be done with these data, including 
detailed comparisons with orbiter images and hazard 
assessment for potential lander sites. We also plan to 
make similar observations at Arecibo during the next 
Mars opposition in late 2007, when the sub-Earth lati-
tude will be farther north than in 2005. The two Mars 
oppositions after that will also be observable from 
Arecibo, before the planet dips back south of our 
pointing window. 
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