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Introduction:  The Tharsis area is the largest volcanic 
province on Mars. Physical models show that Tharsis-
area lavas, including long flows originating in rifts 
near Ascraeus and Pavonis Montes, had viscosities 
consistent with basaltic compositions [4]. Prior work 
using radar data have also shown that some flows have 
dielectric properties consistent with basalts [3]. In this 
work we surveyed all available SHARAD radar data 
across the Tharsis area to better understand the compo-
sition and stratigraphy of the lava flows.  

SHARAD, a sounding radar on the Mars Re-
connaissance Orbiter, operates at 20 MHz with a 10 
MHz bandwidth, and it has a free-space vertical resolu-
tion of 15 m [5], and a 5-10 m vertical resolution in 
common geologic materials. The lateral resolution of 
SHARAD is 3 to 6 km, reducible to 300 to 1000 m in 
the along-track direction with synthetic aperture focus-
ing [5]. SHARAD data are displayed as radargrams, 
with along-track distance on the x-axis, and range-
delay time increasing downward on the y-axis [3]. 
SHARAD is able to determine the dielectric properties 
of lava flows, provided that it can detect a subsurface 
interface. Radar measurements of dielectric properties 
of these detected flows can provide information re-
garding their composition and density. This infor-
mation can be used to compare the dielectric properties 
and permittivity of lava flows to that of planetary sur-
face materials [3]. The long, leveed flows on Mars, 
including those in which SHARAD detects the subsur-
face may be similar to many terrestrial basaltic flows 
[4].  

Figure 1: Fo-
cused radargram 
of orbit track 
1728801000 
showing subsur-
face interfaces 
beneath the flow 
located south of 
Pavonis Mons. 
The upper image 
corresponds to a 
clutter simulation 
based on MOLA 
topography that 

confirms that the interface is not caused by surface 
reflections. The lower third of the figure is the surface 
topography along the orbit track. 

Data Analysis: Calculating Permittivity and Loss 
Tangents 

SHARAD data can be used to measure the 
complex dielectric constant of the lava flows. We are 
able to estimate the permittivity of the flows by com-
paring the measured time delay of returns from the 
subsurface with altimetry measurements of the flow 
heights relative to the surrounding plains [3]. Permit-
tivity of rocks is largely dependent on the density. 
Basalts are denser than other volcanic rocks like rhyo-
lite, so they yield higher permittivity values. The per-
mittivity, denoted by ε’, can be calculated by using the 
equation: 
 
 
where h is the height relative to the surrounding plains 
as measured from MOLA topography and Δt is the 
two-way time delay between the surface and subsur-
face echoes measured from the radargram. This equa-
tion did not yield physically plausible permittivities for 
all of the lava flows analyzed in the Tharsis region, 
likely due to an inability to accurately measure h in 
some types of terrain. For the lava flows with reasona-
ble values (ε’ < 15) northwest of Ascraeus Mons, ε’ 
values ranged from 7.6495 to 11.622, with an average 
of 10.09. For lava flows south of Pavonis Mons and 
additional four lava flows northwest of Ascraeus, it 
was not possible to measure ε’ and analysis of the 
flows is restricted to loss tangents only.  

Pumice, volcanic ash, and tuff have permittivity 
values between ~2.5 and 3 [7], whereas most terrestrial 
and lunar basalts have ε’ values between 7 and 11 [2]. 
The permittivity values calculated for the flows north-
west of Ascraeus yield results that most closely resem-
ble basaltic flows. In cases where the subsurface inter-
face is visible at different depths, spanning tens of me-
ters, it is also possible to measure the loss tangent (tan 
δ) of the material. The loss tangent can be written as 
[1]: 

 
 
 

 
where λ is the SHARAD free-space wavelength of 
15m and L is the power loss per unit of time Δt. The 
loss tangent describes how much radar power is lost as 
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the wave travels through the flow, and it relates to the 
chemical composition and density of the material. In 
the case of flows northwest of Ascraeus Mons, sepa-
rate fits of power loss versus time delay were made for 
eight orbit tracks. During the standard processing, each 
orbit track is normalized to the noise background [3].  
The same method was applied to the two tracks south 
of Pavonis Mons. 

 
 

Figure 2: Round trip time delay vs. power loss for one 
track with two separate lava flows south of Pavonis 
Mons.  

For flows northwest of Ascraeus Mons, the 
loss tangent values calculated were between .0004461 
and 0.0145. For flows south of Pavonis Mons, the loss 
tangent values calculated were between 0.007849 and 
0.0288. The measured loss tangents are common val-
ues for terrestrial and lunar volcanic rocks, including 
basalts [2]. Loss tangents between 0.01 and 0.03 imply 
a low to moderate concentration of radar-wave absorb-
ing minerals such as ilmenite or hematite.  
 
Geologic Discussion: SHARAD is unable to see sub-
surface interfaces for flows that are located far from 
the summit and rift zone regions. Interfaces detected 

by SHARAD are associated with late-stage, rift zone 
volcanism. There are a few possible explanations for 
this observation. First, it is possible that some lava 
flows that are clearly visible in topographic and imag-
ing data are undetectable by SHARAD because they 
are older and have been weathered by ice or water. 
Since SHARAD can only detect interfaces beneath 
flows with low loss tangents, this compositional 
weathering change may make the flow base similar in 
dielectric properties to the substrate, and thus not de-
tectable by SHARAD [6]. Second, it is possible that 
the late-stage Tharsis volcanism produced lavas with 
different permittivity values and loss tangents than 
earlier stage eruptions. It is also possible that 
SHARAD detects interfaces only in areas where a sig-
nificant layer of low density material such as dust or 
ash accumulated on the surface before the lava was 
emplaced. In areas where lava flows are stacked in 
sequence with no density contrast, SHARAD will not 
be able to detect any interface. 
 
Conclusions: The permittivity and loss tangent values 
calculated for the flows northwest of Ascraeus Mons 
and south of Pavonis Mons are consistent with the cal-
culated values for basalt. The only plausible way to 
change the permittivity values enough for the flows to 
be considered felsic (lower density) would be to 
change the h value and make it larger. This could occur 
if the flows were sitting in tens of meters of depression 
corresponding exactly to flow boundaries, but this does 
not occur in either of the regions that were the primary 
area of focus. It does not appear that the h value could 
plausibly be large enough to yield felsic flow values, 
therefore the values are more consistent with basaltic 
flows. In both of the target regions emphasized, the 
flows yielded loss tangent and permittivity values con-
sistent with basalt when these values could be accu-
rately calculated.  
 
References: [1] Campbell, B.A et al., (2008), 
J.Geophys. Res., 
113,E12010,doi:10.1029/2008JE003177 [2] Carrier et 
al.,  (1991), Cambridge Univ. Press, New York. [3] 
Carter, L.M et al., Geophysical Research Letters, 36, 
L23204, doi:10.1029/2009GL041234 [4] Glaze, L.S.. 
and S.M. Bologa, (2006) doi:10.1029/2005JE003278  
[5] Seu, R., et al. (2007), J. Geophys. Res,, 112, 
E05S05, doi:10.1029/2006JE002745 [6] Stillman, Da-
vid E. and Robert E. Grimm, J. Geophys.Res., 116, 
E03001, doi:10.1029/2010JE00366 [7]Ulaby, F.T et 
al., (1988), Rep. 23817-1-T, Univ. of Mich. Radiat. 
Lab., Ann. 
 

1595.pdf43rd Lunar and Planetary Science Conference (2012)


