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Introduction:  The Tharsis volcanic province of 

Mars is host to the three large shield volcanoes that form 
a southwest-northeast chain through its center: Arsia 
Mons, Pavonis Mons, and Ascraeus Mons [1]. The 
Tharsis Montes are the source of extensive lava flows 
that are tens to hundreds of kilometers in length (Fig. 1) 
[2]. The morphology, composition, and spatial 
distribution of these lava flows provide insight into the 
evolution of the Tharsis Montes which is a direct link to 
the past changes of the surface and interior of Mars.  

Previous surveys of Tharsis [3,4] using the Shallow 
Radar (SHARAD) instrument onboard the Mars 
Reconnaissance Orbiter (MRO) revealed basal 
interfaces beneath lava flows in three distinct regions. 
Measurements of the permittivity and loss tangent of the 
flows north and west of Ascraeus Mons revealed 
dielectric properties most closely matching a dense 
basalt [3,4]. Several years after these initial studies, new 
coverage by SHARAD and reprocessed data from the 
Mars Advanced Radar for Subsurface and Ionospheric 
Sounding (MARSIS) [5] has allowed for an improved, 
in-depth survey of the Tharsis province that has 
revealed a more complex stratigraphy than was 
previously recognized.  
      Data and Methods: We used the SHARAD and 
MARSIS radar sounders in our survey northwest of 
Ascraeus Mons. SHARAD operates at a central 
frequency of 20 MHz with a vertical resolution of 15 m 
in free space. The vertical resolution in the subsurface 
varies with the permittivity of different geologic 
materials [6]. MARSIS operates at 1.8, 3, 4, and 5 MHz 

in subsurface sounding mode. At 1 MHz, MARSIS has 
a vertical resolution of 150 m in free space [7]. 
SHARAD and MARSIS detect regions of strong 
contrasts in permittivity in the subsurface that appear in 
the radar image (radargram) at a greater time delay than 
the bright surface return (Figs. 2 and 3). Reflectors can 
be obscured by cross-track surface echoes (clutter) 
reaching the receiver at a time delay comparable to that 
of the reflector. Clutter sources are identified by 
comparing the radargram to a simulation of surface 
clutter (cluttergram) produced using topography data 
obtained by the Mars Orbiter Laser Altimeter (MOLA) 
instrument (Figs. 2 and 3). 

 

Where a subsurface interface appears to correlate 
with a lava flow visible in MOLA topography, we 
calculate the permittivity along each radar observation 
and also calculate the loss tangent for all observations 
combined if that interface varies in depth along tens of 
meters. We determine the permittivity using a depth 
correction technique (Fig. 4). The surrounding volcanic 
plains demonstrate a very low slope and so we assume 
the lava flows (Fig. 1, dashed lines) are resting on a 
nearly flat surface. We connect the plains along the 

Figure 3. MARSIS detects several dipping subsurface 
interfaces in four adjacent tracks in the volcanic plains 
(blue lines, Fig. 5). Left: MARSIS observation 6191 at 4 
MHz. Right: MOLA-derived clutter simulation. 

Figure 2. SHARAD radargrams indicate multiple reflectors 
beneath both volcanic plains and lava flows. Top panel: 
SHARAD observation 1078601. Along-track distance is in 
the x-direction and time delay is in the y-direction. Bottom 
panel: MOLA-derived clutter simulation. 
 

Figure 1. Lava flows northwest of Ascraeus Mons extend tens to 
hundreds of km across the underlying volcanic plains in this 
region of interest. The margins of the three flow complexes with 
interfaces are outlined with dashes.  Detected interfaces by 
SHARAD (black) and MARSIS (cyan). Interfaces associated 
flows are boxed in white. Remaining interfaces are associated 
with the surrounding plains. MOLA shaded relief map.  
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radar observation and adjust the depth of the interface 
to this line. We test permittivity values in the range 
reasonable for that of basalt (e’= 7-11) [3,4,8,9] and 
produce new radargrams based on this range (Fig. 4). 

The best match between these synthetic “depth 
corrected” radargrams and the subsurface provides the 
permittivity estimate. Mean thickness of the flow is 
determined from the permittivity of each SHARAD 
observations.  Loss tangents were determined by 
breaking the SHARAD observations into 35 different 
groups based on their time-delay and locations. Multiple 
SHARAD tracks crossing a flow with optically or 
topographically visible boundaries were  grouped 
together to produce a single loss tangent estimate for 
that flow, while plains tracks were grouped based on 
time delay and proximity. 

Results: We identified 11 SHARAD observations 
with interfaces that terminate at the margins of three 
distinct lava flows visible in MOLA topography: the 
northern, southern, and western flows (Fig. 1, dashed 
lines). The remaining 35 SHARAD observations and 
five from MARSIS have interfaces associated with the 
surrounding volcanic plains.  For the flows, we depth-
corrected each track to obtain their associated 
permittivity and thicknesses. Average permittivity 
values for the three flows ranged from 8.-10.7 
corresponding to thicknesses of 26.4-52.5 m. The 
thinnest flow was the western flow while the thickest 
was the southern flow. The loss tangents for these flows 
were ~0.02-0.04. For the grouped SHARAD 
observations associated with the plains, thicknesses 
could not be estimated (no topographic surface 
expression), though their loss tangents ranged from 
~0.01-0.07. Other, deeper SHARAD interfaces were 
identified; however, their loss tangents could often not 

be calculated due to very low loss and little change in 
depth. MARSIS observations had loss tangents 
consistently ≤ 0.005. 

Discussion and Conclusions: SHARAD and 
MARSIS have detected a significant number of new 
subsurface interfaces in the Tharsis Province. Interfaces 
confined within the margin of three flows we interpret 
to be the basal interface of that flow in contact with the 
surrounding volcanic plains. The mean permittivity for 
each flow is well within the range for that of a basaltic 
composition, which is difficult to measure directly due 
to dust cover in this region [10]. This is further 
reinforced by loss tangent values within the range 
reasonable for terrestrial and lunar basalts [11]. Loss 
tangents from ~0.01-0.03 imply a low concentration of 
radar wave absorbing minerals like hematite. Calculated 
flow thicknesses are thinner than previous estimates 
[3,4] by ~10-20 m, a possible consequence of more 
coverage. They must be, however, fairly dense basalts 
since permittivity follows the power law: e’ = 1.96r [9]. 
Inverting for density yields a range of 3.20-3.52 g/cm3 
for the three flows. The correlation of these interfaces 
with distal ends of long flows and inferred low-loss 
basaltic composition is interesting, as it implies that 
these extensive flows were emplaced on a smooth pre-
existing surface with significant difference in dielectric 
properties. Further investigation is also required to 
determine the nature of the interfaces associated with 
the plains where no obvious topographic feature 
correlates with their extent. A lava-pyroclastic contact 
is a possibility [12,13], but with Tharsis’ extensive 
effusive history [14] a lava-lava contact could also 
explain the results if there is a sufficient density contrast 
or perhaps a dust layer in between.  
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Figure 4. SHARAD observation 1234201 on the southern 
flow is depth corrected to a final permittivity of 10 which 
is the best fit to the slope of the line connecting the plains 
on either side. 
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