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Introduction:  The eastern part of the Medusae 

Fossae Formation (MFF) sits at the intersection of 

Tharsis-area volcanism, the dichotomy boundary, and 

Amazonian-aged plains (Fig. 1). The MFF is usually 

considered to be volcanic fall deposits or ignimbrites 

[1,2], but it has also been suggested that it could be 

relic polar layered deposits [3]. Prior analyses using 

orbital radars have shown that the MFF deposits have 

dielectric permittivity values close to 3 [4,5], and loss 

tangents of  0.002-0.006 [4]. These measurements im-

ply that the MFF is composed of very low-density ma-

terials, consistent with volcanic tephra. 

The MFF is often cited as Amazonian-aged [6], but 

there is evidence that at least the western portions of 

the deposits may be older (Hesperian) [7,8]. In order to 

understand the evolution of western Tharsis and the 

development of the nearby plains, it is important to 

determine the volume of MFF materials and the time 

range over which they were deposited. 

New radar data reveal details of the eastern MFF 

that were not seen in prior analyses [4,5].  Previously, 

the MARSIS (Mars Advanced Radar for Subsurface 

and Ionospheric Sounding) instrument on Mars Ex-

press detected interfaces beneath most of MFF, but at 

low vertical resolution [4]. The SHARAD (Shallow 

Radar) sounding radar on the Mars Reconnaissance 

Orbiter (MRO) only detected interfaces beneath low 

hills in the western Aeolis/Zephyria Plana region, and 

thin deposits near Gordii Dorsum in the east [5]. 

SHARAD data have now been acquired in a rolled 

configuration, which improves the signal-to-noise and 

penetration depth. There is also more MARSIS data 

over this part of the MFF than there was for the initial 

analysis in [4] .   

Radar Data Products: MARSIS operates at fre-

quencies between 1.3 and 5.5 MHz, has a free-space 

vertical resolution of 150 m, and can penetrate up to a 

few km depending on the material [9]. SHARAD oper-

ates at 20 MHz and has a free-space vertical resolution 

of 15 m [10]. SHARAD cannot see as far below the 

surface as MARSIS, and it is more susceptible to con-

tamination from surface clutter, but it has a higher res-

olution that can reveal more details in cases of thin 

layers. Radargrams are compared to simulations using 

MOLA topography to ensure that observed subsurface 

interfaces are not caused by clutter [11]. 

Observations and Analysis: SHARAD images of  

MFF reveal high-vertical-resolution details of the sub-

surface interface beneath the Amazonis Mensa, Gordii 

Dorsum and the flatter terrain in between (Fig. 2). 

SHARAD penetrates through up to 750 m of MFF 

material in Amazonis Mensa, a significant improve-

ment over the prior maximum of 580 m in the western 

parts of MFF [5].  Permittivities measured from 

SHARAD data for Amazonis Mensa, assuming a con-

tinuation of the MFF-free Amazonis plains (to the 

northwest) under the deposit, are between 3.5 and 4.0. 

The interface beneath Amazonis Mensa extends in an 

unbroken trace across the intervening plains and under 

Gordii Dorsum. SHARAD radargrams from different 

tracks show that this interface is not uniform in depth, 

and it slopes upward towards the dichotomy boundary 

(Fig. 2). Gordii Dorsum and Amazonis Mensa were 

Fig. 1: The eastern part of the MFF, shown here as Mars 

Orbiter Laser Altimeter shaded relief, forms 3500 km tall 

hills. SHARAD and MARSIS detect subsurface interfaces 

beneath Gordii Dorsum, Amazonis Mensa and thin materials 

in between that have been mapped as MFF deposits [6]. 

SHARAD also detects interfaces beneath lava flows north-

west of Gordii Dorsum. MARSIS detects interfaces beneath 

Eumenides Dorsum. 
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therefore deposited over a paleosurface that already 

exhibited a change in topography heading from Ama-

zonis basin to the dichotomy boundary. 

MARSIS detects two layers in the region between 

Gordii Dorsum and Amazonis Mensa, one at about 370 

m below the surface (the same reflector detected by 

SHARAD) and another at about 740 m (e.g. [4]). Since 

the upper interface clearly forms the boundary beneath 

Gordii Dorsum and Amazonis Mensa, the lower inter-

face represents a different, low loss deposit that lies 

beneath much of the region. Unlike interfaces detected 

in plains regions and beneath lava flows [12, 13], the 

reflection at the upper interface (e.g. arrows in Fig. 2) 

is very diffuse with significant down-range echo pow-

er. Some of this late-time scattering may be clutter 

caused by a rough interface, perhaps similar to the cur-

rent rugged nature of the surface of the MFF.  

Summary and Future Work:  SHARAD and 

MARSIS both show that the same subsurface interface 

underlies Gordii Dorsum, Amazonis Mensa, and the 

terrain between. MARSIS data provide evidence that 

there may be a separate layer of low-density material, 

perhaps additional pyroclastics, that extends under at 

least parts of this region. The total volume of pyroclas-

tic material is therefore possibly greater than was pre-

viously thought based on topographic analysis of the 

MFF hills. The additional radar boundary also suggests 

a break in the deposition of low density material, 

which could be caused by a density change in the py-

roclastic materials,  by deposition of a lava flow unit, 

or perhaps more likely, by erosion and weathering of 

an older  low-density surface.  

A substantial number of new MFF tracks, particu-

larly high signal-to-noise SHARAD rolled data, offers 

the potential to derive three-dimensional models of the 

lower surface of the eastern MFF.  Future work will 

involve modeling the shape, extent and volume of this 

subsurface boundary and searching for places where 

stratigraphic relationships between the MFF and 

bounding plains and dichotomy boundary are visible.  
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Fig. 2: SHARAD focused radar data from two orbit tracks 

show slightly different views under the MFF. The subsurface 

interface is marked with white arrows in the upper radargram. 

In SHARAD data, only a faint interface is seen beneath Gordii 

Dorsum, which has some of the roughest surfaces in the MFF. 

The radargrams have not been depth corrected, which would 

require an assumption about the permittivity. Color topography 

beneath each radargram shows the orbit track with a black line. 
North is to the left. 
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