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Introduction:  Current observations of surface ge-

ology suggest that ancient basins on Mars were once 
host to lakes and possibly oceans that may have been 
depocenters of sedimentary materials, including hy-
drated minerals like phyllosilicates[e.g., 1]. Later resur-
facing by volcanic and additional sedimentary deposits 
may have developed a unique stratigraphy within the 
basins that can be detected from orbit using radar sound-
ing data from the Mars Reconnaissance Orbiter (MRO) 
SHallow RADar (SHARAD) instrument [2]. 

Data:  We investigated possible evidence of basin 
stratigraphy through a survey of 797 SHARAD radar-
grams covering multiple regions of the Martian surface, 
including the Isidis basin (3-29°N, 78-100°E) and 60 
“Open Basin Lakes” (OBLs) with areas larger than 1000 
km2, as classified by Fassett and Head (2008) [1].  Radar 
simulations of surface clutter (“cluttergrams”) were 
compared with each radargram to confirm the presence 
of real subsurface returns[3]. Previous geologic map-
ping has suggested that Isidis basin (diameter 1500 km) 
has a number of layered sedimentary (mass wasting and 
fluvial deposits) and volcanic deposits [4,5], making it 
a good target for radar detection of subsurface stratigra-
phy. The OBLs are generally smaller than Isidis Basin, 
ranging in area from ~103 to 2 x 105 km2, and have both 
inlet and outlet channels that suggest that they were 
once filled with water to at least the topographic level 
of their outlet channels [1,6]. Several OBLs have been 
resurfaced by volcanic material which could potentially 
overlay ancient lake deposits. 

Methods:  To determine the presence of a real sub-
surface interface, each radargram was overlaid onto its 
corresponding clutter simulation (Figure 1). Radar re-
turns appearing in the radargrams but not in the clutter-
grams were considered to be “real.” We also examined 
the traverse of the corresponding SHARAD observation 
within the Java Mission-planning and Analysis for Re-
mote Sensing (JMARS) program to confirm that de-
tected interfaces were within the basin of interest. Fur-
ther, we used previous geologic maps [7] and a 
THEMIS daytime IR mosaic [8] for geologic context. 

The depth to an identified subsurface interface (h) 
was calculated using an IDL program that first automat-
ically selects the surface reflection. The subsurface re-
flection is defined by a manual trace that is then auto-
matically refined based on surrounding maximum 
power values (Fig. 2). The column height between the 

surface and subsurface returns (n, in pixels) is then cal-
culated, allowing the depth, h, to be calculated: 

 where Δt is the two-way travel time (37.5 ns), ε’ is 
the dielectric constant, and c is the speed of light in a 
vacuum.	The range of dielectric constants used (ε’: 4-9) 
corresponds to sedimentary and volcanic materials 
which are assumed to be present in the basins.  

 

Figure 1: SHARAD radagram 
S_01967301 (top) and clutter-
gram (bottom) over OBL 218. The absence of the faint 
subsurface interface (between arrows) in the clutter-
gram indicates that it is real. 

 

Figure 2: SHARAD Radargram S_00592701 over 
OBL 218. The IDL program recognizes the bright sur-
face return (blue arrow) and the user-drawn location of 
the interface at ~93-139 m (red arrow). 
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Results and Summary:  
SHARAD radar survey: Our survey of 123 

SHARAD radargrams found no evidence for subsur-
face reflectors within the interior of Isidis basin. We 
suggest that the radar signal may be attenuated by a 
number of factors, including the presence of hydrated 
minerals such as clays, surface roughness, and volu-
metric scattering (Fig. 3). Poor dielectric contrasts be-
tween subsurface layering could also be factors. Our 
survey of 674 radargrams covering OBLs returned 
only one basin (“OBL 218”) with distinct subsurface 
interfaces (Fig. 1). The remaining OBLs had no de-
tected subsurface interfaces and may have had the ra-
dar signal attenuated much like Isidis basin.  

OBL 218: OBL 218 has a diameter of 50 km and 
current depth of 303 m as measured from the present 
rim-crest to its floor. Based on published crater depth-
diameter trends for Mars from [14] where d = 
0.36D0.49, the basin’s original depth was ~2.45 km, 
suggesting that approximately 2 km of material is cur-
rently filling OBL 218 (Fig. 4). Geologic maps of the 
Hellas Planitia region suggest that OBL 218 was most 
recently resurfaced by volcanic lavas [13,14]. We de-
tected two distinct subsurface interfaces: one upper in-
terface in a single radargram and one lower interface 
spanning four radargrams covering the interior of OBL 
218. If we assume that the surface volcanic materials 
mapped in the interior of the basin extend to depth, and 
assume an appropriate range of dielectric constants for 
Martian lava flows of 7-9, mean thicknesses of 93.00 
to 105.46 m are calculated for this unit. However, if 
there are inter-layered sediments or less dense materi-
als present in the subsurface, lower dielectric constants 
of 4-6 are possible, yielding thicknesses of 113.91 to 
139.51 m. We interpret these subsurface returns to rep-
resent lavas closer to the surface with some underlying 
sediments possible [9,10,11,12]. These returns make 
OBL 218 unique as it may possess fewer attenuating 
factors or a stronger dielectric contrast between subsur-
face layering than others in the survey. These observa-
tions support the presence of layering in ancient basins 
on Mars as inferred from surface geology. Such basins 
could aid in understanding the role that water played in 
Mars’ history.  
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Figure 3: The SHARAD-derived roughness values 

[15] for Isidis basin. The floor of the basin appears rel-
atively smooth indicating surface roughness may not be 
the sole cause of the attenuated signal [11].  

 
Figure 4: A proposed stratigraphic column for OBL 

218 based on SHARAD radargrams and previous geo-
logic mapping [7]. 
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