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Introduction: The first subsurface data on the 
shallow crust of Mars are being returned by the Mars 
Advanced Radar for Subsurface and Ionospheric 
Sounding (MARSIS) on Mars Express [1].  Initial 
operations of the MARSIS instrument (June-July 2005) 
were over the northern lowlands.  The relatively 
featureless lowland plains of the northern hemisphere 
and the heavily cratered highlands of the southern 
hemisphere are the surface expression of the crustal 
dichotomy on Mars.  The young appearance of the 
northern plains lead to the interpretation that the 
northern lowlands crust could be young [2-4]. This 
view changed when subdued quasi-circular depressions 
(QCDs) in the northern lowlands were revealed in Mars 
Orbiter Laser Altimeter (MOLA) data [5-7].  
Interpreted to be buried impact craters, the QCDs 
suggest that the crater retention age of the northern 
lowlands crust is comparable to but somewhat younger 
than the most ancient highlands crusts [7].  

MARSIS: The MARSIS instrument is a multi-
frequency synthetic aperture orbital sounding radar.  
The instrument operates in four frequency bands 
between 1.3 and 5.5 MHz in its subsurface modes. The 
free-space range resolution is ~150 m and the cross-
track and the along-track footprint range in size from 10 
to 30 km and 5 to 10 km, respectively [1]. The lower 
frequency bands (centered at 1.8 and 3.0 MHz) are used 
in nightside operations to avoid interference from the 
ionosphere, and the higher frequency bands (centered at 
4.0 and 5.0 MHz) are used on the dayside. To 
compensate for the high variability in the ionospheric 
phase distortion, we correct the time delay of the peak 
surface return to agree with the corresponding MOLA 
topographic profile along the orbit track.  MOLA 
derived surface clutter can then be directly compared 
with MARSIS radargrams (time-delay renderings of the 
sounding data) as an aid in separating surface returns 
from subsurface returns. 

Buried Basin in the Lowlands: Radargrams for two 
adjacent orbits 1892 and 1903 (Fig. 1A, B) over the 
lowlands of eastern Chryse Planitia show multiple 
parabolic-shaped echoes interpreted to be off-nadir 
reflections from subsurface structures because of the 
long delays (up to 180 μs). If the echoes are from the 

subsurface directly beneath the spacecraft, the 
penetration depths would be unrealistically large for the 
frequencies used (3 MHz band for 1892; 4 MHz band 
for 1903) [1].  Surface clutter models derived from 
MOLA for the two orbits show no parabolic-shaped 
clutter features (Fig. 1C, D).   Projecting the 1903 and 
1892 radargrams in ground-range, which assumes the 
buried features are at a shallow depth, the echoes 
appear as arcs on the surface (Fig. 2A, B). Under the 
hypothesis that these features are of impact origin, it is 
possible to infer the probable location and basin size 
from these arcs.  Some arcs from the two orbits are co-
located and overlap, suggesting that echoes are from the 
same subsurface features. We suggest the echoes can be 
accounted for by either a ~220 km-diameter basin, a 
~310 km-diameter basin, or two superimposed basins. 
Most of the arcs in the two orbits can be encompassed 
by a ~220 km-diameter basin.  A 310 km-diameter 
basin is suggested by fits to two parallel, overlapping 
sets of arcs the source of which could be the top and 
bottom of a rim wall.  The remaining echoes in both 
cases could be accounted for by rim-wall slumps or a 
discontinuous peak ring structure.  Many of the echoes 
in the two orbits approach the surface suggesting the 
220 km-diameter basin is superimposed on the 310-km 
diameter basin. The prominent linear echo in orbit 1903 
(Fig. 1A, 2A) could be from a subsurface feature 
directly below the spacecraft.  If so, the time delay 
indicates a depth of 1.5 to 2.5 km.  This feature may be 
the interface between the basin floor and the basin fill 
material or an intermediate layer in the basin fill.  The 
echo power suggests a low-loss material, possibly (but 
not uniquely) ice-rich, partially fills the basin [1].  

Radargrams for MARSIS orbits over other areas of 
the northern lowlands also show parabolic echoes.  
Ground-range projections of these sounder data suggest 
buried basins with a range in diameters.    

Implications for the Age of the Lowlands Crust: 
Many of the buried basins revealed by MARSIS have 
little or no surface expression in MOLA topography. 
This indicates that the total population of buried basins 
in the northern lowlands is not expressed by QCDs. 
Thus, QCD-based crater retention ages [7] may place a 
lower limit on the age of the northern lowlands crust. 
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Figure 1. Radargrams showing MARSIS data for orbit 1903 (A) and 1892 (B) where echoes are plotted in time-delay verses position 
along the orbit.  The parabolic-shaped echoes exhibit greater time-delays than the surface return.   The peak surface return is adjusted to 
agree with the MOLA topography along the orbit track.  Clutter models for 1903 (C) and 1892 (D) derived from MOLA topography. 
 

           
 
Figure 2. Ground-range projections of radargrams for 1903 (A) and 1892 (B) overlaid on MOLA color coded shaded relief of eastern 
Chryse Planitia.   Parabolic echoes project as arcs on the surface.   
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