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Introduction:  The Shallow Radar instrument 

(SHARAD) on the Mars Reconnaissance Orbiter 
(MRO) has been successful at penetrating into icy de-
posits [1-3], but most of the rocky units are opaque to 
SHARAD.  The main exceptions to this are the young-
est major volcanic surfaces, Cerberus Fossae 2 and 3 
units and Amazonis Planitia 2 north unit [4].  We sug-
gest that these units have low radar loss because they 
have so far been insufficiently exposed to liquid water. 

Geologic Interpretation:  SHARAD transparent 
units stretch from Central Elysium Planitia (CEP) (5 

oS–10oN, 150–180oE) through Marte Vallis and into 
Amazonis Planitia (AP) (17–37oN, 185–207oE).  The 
morphology of the surface indicates a volcanic origin 
[7,8].  This volcanic surface clearly overlies wide-
spread fluvial activity that carved extensive channel 
systems [9-11].  Cerberus Fossae cut across this flat 
surface and have acted as conduits for the release of 
water and lava onto the surface within the last 200 Ma  
[12], and possibly as young as 2 Ma [9].  Lava flows 
also originated from at least seven volcanic shields in 
the region [13]. 

The extent and smoothness of these lava flows in-
dicates a very low-viscosity.  While this unit is the 
smoothest on Mars at scales of 0.9, 2.4, and 9.6 km 
[14], it also has one of the highest depolarized back-
scatters on Mars at 12.6 cm [15].  This backscatter is 
so high that the surface roughness would need to be 
larger than that of Hawaiian a’a flows or be enhanced 
by volume scattering of a low-loss regolith [15].   

Subsurface Mapping:  We used SHARAD to map 
the subsurface reflectors seen in the CEP and AP (Fig. 
1a).  AP only has one subsurface reflector with depths 
as great as 100 m [16].  CEP was divided into seven 
regions, where many continuous reflectors exist (Fig. 
1b).  These regions are marked by single and multiple 
reflectors.  In region D, we observed a sequence of 
four stacked units (Fig. 2).  Region C contains two 
stacked units which outcrop (Fig. 2).  We also ob-
served that one large unit, region E, extended at least 
800 kms and possibly through Marte Vallis and into 
Amazonis Planitia.   

Subsurface Composition:  Radar velocity or di-
electric constant ’ cannot be uniquely derived from 
the SHARAD data due to the single offset geometry of 
the experiment and lack of subsurface point reflectors.  
Therefore, the best way to determine ’ is by choosing 
locations where the thickness of the transparent struc-
ture can be estimated [1-3,17].  We determined a ’ of 
7.5-9 by assuming the top two units observed in region 

E are flat (Fig. 3).  Many assumptions must be made to 
determine the material composition from a ’ at a sin-
gle frequency, however such a high ’ rules out any 
possibility of massive ice (glaciers).  Dry basalts, ice-
rich basalts, and/or inter-mixed units of basalt and ice 
cannot be ruled out by the ’.  However, rootless cones 
are only found in areas with one subsurface reflector; 
therefore our interpretation is that these are dry basal-
tic flows underlain by fluvial sediments [18].  The 
value of ’ is representative of a dry basalt with a bulk 
density of 2.8-3.3 [19], which are the most likely val-
ues for basalt [20].  These lava flows vary in unit 
thickness from 20–50 m. 

Elysuim Transparency:  The transparent units of 
the CEP and AP are the most radar transparent regions 
on Mars that are not associated with ice.  We calculate 
that the opaque regions must have a loss greater than 
0.15-0.58 dB/m, which is the minimum attenuation 
rate needed to detect a reflector just below SHARAD’s 
blind zone of 20-40 m (assuming SHARAD has a dy-
namic range of 50 dB, a -11 dB subsurface reflection 
coefficient, and a surface ’ of 5-9).     

We hypothesize that these units are so radar trans-
parent because they are the youngest volcanic units on 
Mars.  Consequently, the region may have a different 
composition than the rest of the Martian subsurface.  
Significant attenuation is known to come from three 
volcanic minerals: gray hematite [21], magnetite [21], 
and ilmenite [22].  The concentration of gray hematite 
is very minute over most of Mars.  Magnetite only 
attenuates at much higher frequencies than SHARAD.  
Ilmenite, which causes the majority of the loss of lunar 
basalts, has a low loss over a broad range of frequen-
cies and will cause loss at SHARAD frequencies.  
However, ilmenite concentrations of Martian basalts 
are much lower than in the lunar Mare.  Therefore, we 
do not believe that composition changes can cause the 
change in attenuation.   

Instead of variations in primary mineralogy, we 
suggest that the radar loss over the majority of Mars is 
related to water.  Noachian and possibly Hesperian 
units have been chemically altered by water creating 
phyllosilicates [23].  A small concentration of phyl-
losilicates can significantly attenuate radar energy due 
to the rotation and/or translation of unfrozen adsorbed 
water [24].  

Due to the lack of liquid water in the Amazonian, 
chemical alteration would have been much slower.  
However, atmospheric water vapor can still have a 
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drastic affect on radar attenuation.  Olhoeft et al. [22] 
measured that the radar loss of a pristine lunar regolith 
sample increased by a factor of 15 (0.0026 dB/m to 
0.041 dB/m) when exposed to air for 30 months.  
When the water was removed, the sample still had a 
larger loss than when it was pristine due to chemical 
alterations.  The specific surface area of lunar regolith 
was also found to increase by a factor of 2 to 6 after 
being exposed to water [25,26].  The enhanced radar 
loss comes from the translational movement of the 
adsorbed water along the double layer in response to 
an electric field.  Laboratory results indicate that the 
first monolayer of adsorbed water is bound too tightly 
to cause loss at radar frequencies [27].  However, addi-
tional monolayers create a broadband (1mHz–10 GHz) 
loss that is slightly higher at lower frequencies.  This 
loss increases with additional monolayers until the 
adsorbed water is so loosely bound that it is able to 
rotate.  This loss has been measured in JSC Mars-1 
[21], plagioclase [21], hematite [28], and lunar regolith 
[22] with just a few monolayers of water.  Better labo-
ratory studies on how just a few monolayers can in-
crease loss are needed, but we have estimated from our 
preliminary measurements and those of Olhoeft [27] 
that only 1.5-3 monolayers of water can increase the 
loss to >0.58 dB/m.  A global equivalent layer (GEL) 
of 38 cm is needed to wet the rocky surfaces of Mars 
down to 20-40 m with 1.5-3 monolayers assuming a 
specific surface area of 1.5 m2/g (slightly altered ter-
restrial basalt [29]).  Assuming this takes 15 Ma (age 
difference between radar-transparent and radar-opaque 
units of northern AP [4]); this would yield a rate of 25 
nm/yr or 2.5%/yr of the GEL currently in the atmos-
phere. 

Therefore, we suspect that the SHARAD opaque 
rocky units on Mars have at least 1.5-3 monolayers of 
water in the top 20-40 m.  We suspect that it takes 10-
20 Ma for this water to diffuse in from the atmosphere, 
thus leaving the youngest units of the CEP and AP 
drier and radar transparent.   
References: [1] Phillips, R.J. et al., Science, v. 320, 1182-1185, 
2008. [2] Holt, J.W. et al., Science, v. 322, 1235-1238, 2008. [3] 
Plaut, J.J. et al., Geophys. Res. Lett., Paper in Press, 2009. [4] Ta-
naka, K.L. et al., U.S. Geol Survey, Scient. Invest. Map 2888, 2005. 
[7] Kreslavsky, M.J. et al., J. Geophys. Res., 105, E8, 20281-20295, 
2000. [8] Jaeger, W.L. et al., Science, v.317, p.1709, 2007. [9] Burr 
D.M., Icarus, p. 53-73, 2002. [10] Burr D.M., Geophy. Res. Lett., 
1013, 2002. [11] Plescia, J.B., Icarus, p. 79-95, 2003. [12] Vaucher 
et al., Icarus, Paper in Press, 2009b. [13] Vaucher et al., Icarus, 
Paper in Press, 2009a. [14] Kreslavsky, M.A., and J.W. Head, Geo-
phy. Res. Lett., 29, 2002GL015392, 2002. [15] Harmon, J.K., et al., 
J. Geophys. Res., 104, 14065-14089, 1999. [16] Campbell, B., et al., 
JGR-Planets, Paper in Press, 2009. [17] Watters, T. R. et al., Sci-
ence, 318, 1125-1128, 2007. [18] Lanagan, P.D. et al., Geophys. Res. 
Lett., 28, 2365–2367, 2001. [19] Carrier, W.D., III, Olhoeft, G.R., 
and Mendell, W., Physical properties of the lunar surface. in Lunar 
Sourcebook, ed. by G. Heiken, D. Vaniman, and B. French, Cam-

bridge University Press, New York, 475-594, 1991. [20] Johnson, 
G., and Olhoeft, G.R., 1984, in R.S. Carmichael (ed.), Handbook of 
Physical Properties of Rocks, vol. III, CRC Press, Boca Raton, FL, 
1984. [21] Stillman, D.E. and Olhoeft, G.R., J. Geophys. Res., 113, 
E09005, 2008. [22] Olhoeft, G.R. et al., Lunar Science VI, 625-627, 
1975. [23] Bibring, J.-P. et al., Science, 312, 400, 2006. [24] Grimm, 
R.E. and D.E. Stillman, 39th LPSC, 2251.pdf. 2008. [25] Caden-
head, D.A. and V.R. Stetter, Geochim. Cosmochim. Acta., suppl. 5, v 
3, 2301-2316, 1974. [26] Holmes, H.F. et al., Geochim. Cosmochim. 
Acta., suppl. 5, v 3, 2275-2286, 1974. [27] Olhoeft, G.R., PhD The-
sis, U. of Toronto, 172 p, 1975. [28] McCafferty, E., and A.C. Zet-
tlemoyer, Disc. Faraday Soc., No. 52, 239-263, 1971. [29] Nielsen, 
M.E. and M.R. Fish, Proceedings of the Integrated Ocean Drilling 
Program, v.301, 8p, 2008. 

 

 

 
Figure 2. (a) SHARAD line 0585081 goes through region C 
and D of the CEP. (b)  SHARAD lines overlayed on MOLA 
topography.  Lava flow 2 also concurs with lava flow  from 
[13]. (c) Time-depth corrected reflections using a ’ = 8.25.  ’ 
was fit by making the bottom of lava flows 1 and 2 flat. 

 

 
Figure 1.  (a) SHARAD penetration map where: background 
map is surface roughness [14], green shows subsurface re-
flectors, red shows an absence of reflectors. (b) Zoom in of 
CEP showing seven different regions of continous reflectors.  
Reflectors in AP have just one reflector [16]. 
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