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Introduction:  Radar sounding of Mars reveals 

complex patterns of layering and ice composition with-
in the polar deposits, and the depth and dielectric prop-
erties of volcanic and sedimentary material. These data 
also identify the base of lineated valley fill, debris 
apron, and mantling deposits inferred to represent mas-
sive water ice reservoirs. We present a method for de-
riving dielectric loss tangents (tanδ) indicative of ice 
content from SHARAD radar data. This approach 
breaks the nominal 10-MHz bandwidth of the 
SHARAD signal into three sub-bands, and uses the 
differences in reflected echo power to measure the loss 
as a function of radar frequency. 

Method:  We split the 10-MHz bandwidth of 
SHARAD signals into radargrams for “high” (center 
λ=13.3 m), “medium” (λ =15 m), and “low” (λ =17.1 
m) sub-bands, and determine the change in attenuation 
as a function of wavelength. When dielectric losses are 
relatively low, the round-trip power loss for a layer of 
thickness L is:  

 ! = exp	(−4*+)   
where 

 
! = #

$
$%
&'
()*+   

 
and the wavelength, λm, is evaluated in the material. If 
we convert to the free space wavelength, λ, using the 
real dielectric constant ε’: 
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We can also write the layer thickness in terms of the 
observed round-trip delay, t, the real dielectric con-
stant, and the speed of light in vacuum: 
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For any chosen center wavelength of a frequency band, 
the power observed by the sensor is:   
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where P0 is the incident power. For two of these sub-
bands, with center wavelengths λ1 and λ2, the ratio of 
the received echoes is: 
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A solution for tanδ requires that we normalize the 

ratio of the two P0 values. The normalization is neces-
sary to first order because the incident power is not 
uniform between sub-bands of the sounder chirp due to 
the behavior of the dipole antenna and matching net-
work. We treat this as a “global” effect, requiring only 

a single calibration factor for all SHARAD observa-
tions. There is also a potential “local” difference of 
energy transmitted into the subsurface in each sub-
band due to surface roughness. Based on the behavior 
of reflected surface signals across our study sites, this 
latter issue appears to not be of significant concern.  

Our “global” scaling values SH and SM provide the 
best-fit offsets to the high frequency and medium fre-
quency reflected surface powers to bring them into a 
1:1 relationship with the low-frequency echoes. The 
expressions for deriving the loss tangent from the rati-
os of the high-band to low-band and medium-band to 
low-band echoes are thus (with t in µs): 
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Results: We studied non-polar deposits that in 
some cases have estimates of loss properties from oth-
er work (Figs. 1-2). We first chose the broadly occur-
ring subsurface reflector in Amazonis Planitia studied 
by [1] (Fig. 1a). That study found tanδ values of 
0.005-0.012 based on power versus delay fits. The 
split-chirp method yields a tanδ value of 0.010±0.003. 
The mean value is within the estimated range from [1], 
providing confidence in the new technique. 

Elysium Planitia has subsurface reflectors that trace 
out a sequence of interleaved lava flows and sediment 
deposition [2] (Fig. 1b). For radargram segments from 
four orbit tracks, including both a shallow (0.7-0.8 µs) 
and a deep (1.5-1.7 µs) reflector, we obtain a tanδ val-
ue of 0.022±0.011. The deposit in Amazonis Planitia is 
likely a sedimentary unit capped by lava flows [1], 
while the Elysium unit is dominated by young lava 
flows. These results suggest that either the Amazonis 
sediments have a higher porosity (i.e., lithic material 
with voids) than the Elysium flows, or that the latter 
materials have a higher proportion of lossy minerals. 

Lineated valley fill (LVF) and lobate debris aprons 
(LDA) appear to be dominated by water ice based on 
their morphologic characteristics [3] and the SHARAD 
delay offset between the subsurface interface reflection 
and the surface [4, 5]. The clearest example of these 
features comes from a SHARAD track that passes di-
rectly along the center of a valley (Fig. 1c). From two 
sites along this track, and three LDA sites, we obtain 
tanδ=0.002±0.0008. The mean value is close to the 
upper end of estimates for the NPLD (tanδ=0.0026) 
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from [6], consistent with a modestly increased lithic 
content or surface lag. 

“North Hill” and Amazonis Mensa (Fig. 1d) are 
large occurrences of the Medusae Fossae Formation, a 
layered deposit up to several km thick of apparently 
low-density material. The origin of these materials 
remains poorly understood, but MARSIS data suggest 
that tanδ=0.002-0.006 [7]. For sites on North Hill and 
Amazonis Mensa, we obtain tanδ of 0.003±0.002. Re-
cent refinement of orbital neutron spectrometer hydro-
gen maps suggests enhancement within at least the 
upper meter in parts of the MFF [8], and our results are 
in line with an interpretation of these deposits as ice-
rich (though at a lower volume abundance than the 
LVF/LDA) over much of their depth. 

Arcadia Planitia, north of the Amazonis region, has 
two distinct types of SHARAD subsurface reflectors 
(Fig. 1e). The first is a “deep” reflector (1.9 to 2.3 µs 
in round-trip delay), with loss values in the overlying 
material of 0.007±0.003. The second Arcadia reflector 
is shallower (0.5 to 1.03 µs), more widely occurring, 
and interpreted to be the base of ice-rich, latitude-
dependent mantling material [9, 10] (Fig. 1e). Meas-
urements of the subsurface losses in these materials are 
limited to where their thickness is a maximum, such 
that t >0.5 µs for our analysis. The result from eight 
sites in five SHARAD tracks is tanδ=0.014±0.008. 

If the Elysium and Amazonis Planitiae deposits do 
not contain water ice, then our results are consistent 
with an end-member case of the Arcadia reflector de-
noting the base of ice-free material (Fig. 2). The pres-
ence of periglacial features such as polygons suggests 
a thin veneer of ice-rich material may be present within 
the region, but we can rule out a model of massive ice 
correlated with the full depth and spatial extent of the 
Arcadia reflector [9]. Widespread deposits of ice have 
also been suggested in Utopia Planitia [11]. For six 
sample sites in three SHARAD tracks (Fig. 1f), we 
obtain tanδ of 0.009±0.004. As with Arcadia Planitia, 
this mean value is not consistent with an ice-dominated 
unit over the full depth to the basal reflector. 

Next Steps: The split chirp method allows for 
broad discrimination of ice-rich and ice-poor materials, 
and thus far we have utilized it only for example sites. 
Lobate debris aprons are a particularly interesting pop-
ulation, and this approach may prove useful in as-
sessing the distribution of ice-dominated versus rock-
dominated remnants. Analysis of polar layered depos-
its also suggests strong resonant scattering effects with 
radar frequency, opening the way to better characterize 
dust layer thickness and spacing [12]. 
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Fig. 1. Portions of US PDS SHARAD radargrams (a) 
12199_01 (Amazonis Planitia), (b) 8798_01 (Elysium 
Planitia lava flows), (c) 7169_02 (lineated valley fill), 
(d) 20000_01 (Amazonis Mensa), (e) 13320_01 (Arca-
dia Planitia), and (f) 13891_01 (Utopia Planitia). 
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Fig. 2. Loss tangent values from the split-chirp attenu-
ation method. Dotted lines indicate range of values 
previously estimated for Amazonis Planitia [1]. 
Dashed lines denote range of previously estimated 
values for the MFF [7].  
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