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Introduction:  The mid-latitudes of Mars host a 

variety of ice-based landforms. In recent years studies 

have concentrated on better understanding a particular 

meso-scale class of these known as viscous flow fea-

tures (VFFs). These VFFs include several sub-types: 

alpine-style GLFs (glacier-like forms); broad, rampart-

like LDAs (lobate debris aprons) semi-chaotic LVF 

(lineated valley fill) and concentric crater fill (CCF). 

Together these icy features constitute a diverse suite of 

landforms described as an ‘integrated glacial landsys-

tem’ [1].  

VFFs are similar to terrestrial glaciers in their over-

all morphology and have perhaps evolved in a broadly 

similar manner [2, 3]. This resemblance has led to 

VFFs being well studied [1, 4, 5, 6], and are hypothe-

sized to have formed during past periods of high obliq-

uity-induced glaciation. These VFFs are considered to 

have survived since the last martian glacial maximum 

(‘LMGM’,[7]) to the present day thanks to having be-

come buried beneath a substantial protective layer of 

debris [8, 9]. This layer of debris has shielded the ice 

from Mars’ hyper arid atmosphere which is drier than 

Earth’s by a factor of ~1000 [10] and under which ex-

posed ice would sublimate. However, the origins, in-

ternal structure and transportation history of this ‘su-

pra-VFF’ debris layer are poorly understood. 

The only means available for studying VFFs and 

their associated deposits have been through the use of 

remote sensing devices mounted on space-borne plat-

forms such as the Mars Reconnaissance Orbiter 

(MRO). This limitation has restricted our understand-

ing of VFF formation and the manner in which these 

ice masses have interacted with and shaped the sur-

rounding martian landscape, both in the past and in the 

present. However, the SHARAD (SHAllow RADar) 

sensor mounted on the MRO, allows us some ability to 

‘look inside’ VFFs. 

Past use of SHARAD in studying ice-surface de-

bris layers on Mars:  VFFs are buried beneath a thick 

layer of dust and regolith which not only blocks the ice 

from view but also shields it from the martian atmos-

phere. SHARAD data inspected by Holt et al. [11] and 

Plaut et al. [12] indicated debris covers on their target 

ice masses ranging between 5 m and 10 m in thickness 

(based on the observation of one RADAR reflection 

rather than two in SHARAD transects dissecting large 

LDAs). However, nothing is known about how the 

thickness of this debris cover varies either on an inter- 

or intra-feature level. Therefore, we have thus far been 

limited in our ability to infer how it was sourced, how 

variability in its ubiquity may have affected the spatial 

character of VFF preservation and indeed how VFF 

flow may have influenced its redistribution over time. 

Methods:  We aim to better understand the surface 

debris deposits observed upon Mars’ ice masses, offer-

ing a new perspective on the relationship between 

VFFs and surrounding landscapes by utilising a combi-

nation of visual mapping, SHARAD data and high-

resolution, digital elevation models (DEMs). We de-

scribe an investigation of intra-VFF supraglacial debris 

heterogeneity at a site located in the Promethei Terra 

area to the east of Hellas Planitia in Mars’ southern 

hemisphere (40⁰ 40'57" S, 102⁰ 33'29" E), represent-

ing part of a wider study which is currently in progress. 

Studies were conducted exclusively using satellite-

derived data including imagery and ground penetrating 

radargrams. The majority of the imagery used for map-

ping and analysis came from the Context (CTX) and 

the High resolution Imaging Science Experiment 

(HiRISE) imaging systems. The radar data were cap-

tured by the SHARAD sensor. SHARAD data was 

downloaded in pre-processed, image projected format 

from NASA’s Planetary Data System (PDS) interface. 

These data were then inspected manually. Sub-surface 

reflectors were identified visually and mapped on to 

the radargrams. Ongoing investigations are aiming to 

confirm our initial interpretation that these reflectors 

are a true signal, rather than off-nadir clutter. 

Geomorphological maps (based upon CTX and 

HiRISE imagery) were used to guide interpretation of 

subsurface data from the SHARAD datasets. Addition-

ally, high-resolution stereoscopic CTX images were 

also used to build a 20 m/pixel DEM of the study site 

[13], which was used to further inform analyses of in-

ternal structures observed in the SHARAD profiles.   

Results:  The geomorphological map and DEM of 

the study site in Promethei Terra show a broad LDA 

fed by numerous GLFs. The LDA is composed of sev-

eral flow units and inspection of the DEM shows dis-

tinct troughs between these units and as well as a sur-
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face profile which gradually steepens with distance 

from the feature’s headwall. The five SHARAD pro-

files corresponding to the surface of this LDA were 

arranged in parallel succession and oriented transverse 

to the inferred direction of LDA flow, i.e. parallel to 

the feature’s headwall (Fig. 1). Each profile features a 

bright, strongly prominent surface reflection over the 

LDA as well as a clear horizon in keeping with the 

LDA’s basal interface. However, when inspected in 

downslope order, i.e. beginning with the transect clos-

est to the headwall, a gradual thickening of the afore-

mentioned surface reflection horizon was discernible, 

the final transect (#5, captured closest to the LDA’s 

‘snout’) even showing two distinct, parallel reflectors 

where previously only one had been observed (Fig. 1). 

Conclusions:  The observed thickening of the sur-

face reflector at the study site (representing the surface 

debris layer) between the five sequential SHARAD 

profiles, and its eventual separation into two distinct 

and separate horizons, strongly suggests that the layer 

of superficial debris atop this LDA thickens with dis-

tance from its headwall / source area. The final resolu-

tion of two horizons suggests, based on previous stud-

ies [12, 13], that the surface debris layer is >10 m thick 

at this point. This observed flow-parallel asymmetry in 

debris thickness is similar to that recorded on many 

terrestrial glaciers, indicating that a cumulative down-

flow debris mass transfer, such as occurs on Earth, also 

operates / operated on martian VFFs. This suggests that 

glaciers on Mars have historically played (and may still 

play) a substantial role in redistributing lithic material 

from mountainous catchments to lower-lying areas, 

potentially throughout the glacial regions of Mars’ 

mid-latitudes.  
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