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Findings:

• Glacial deposits were mapped in ESRI ArcMap at 1:50,000 scale within 
Deuteronilus Mensae (36-48.5ºN, 13-36ºE) from a mosaic of  CTX images 
(6 m/pixel).

• SHARAD-derived roughness [4] shows that glacial deposits are generally 
rougher than the surrounding plains and may indicate near-surface 
density variations, although this needs to be followed up with more 
detailed analyses [e.g., 5].

THEMIS daytime IR basemap with mapped glacial deposits (black polygons) and SHARAD-derived 
roughness values (colored tracks).

The diameters of  all fresh craters >75 m 
(Total=2,366)  were measured using CraterTools 
[6] and a CTX image mosaic in ArcMap. 
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SHARAD radargrams (PDS, US) were used to 
determine the thickness of  glacial deposits.
Radargram 03588802
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• Surface and basal 
reflectors were 
selected over a 5 km 
along-track zone 
(~11 pixels) centered 
over the crater.

• Simulated surface 
echoes (clutter) were 
analyzed to confirm 
that reflectors were 
not from off-nadir 
surface returns.

• Thickness was 
estimated assuming 
a dielectric constant 
of  3.1 and was 
averaged over the 
5-km zone.
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Hypothesized debris thickness

The estimated depths of  all analyzed 
craters extend to or below 15 m. 

Excavation and crater depths of  31 of  the largest craters >300 m 
are estimated from scaling to extend well into the interior of  the 
glacial deposits. 
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Base of glacial deposits

• Above: Schematic of  crater measurements 
and hypothesized profile of  glacial deposit 
extending from the edge of  a plateau wall to the 
surrounding plains.

• Crater excavation and depth were based on 
conservative scaling relationships (shown 
in schematic above)[6,7] and are likely 
underestimates of  true depths.

A). Glacial Deposit, 303 m.
B). Syrtis Major, 1.4 km
C). North Polar Cap, 194 m.
D). Glacial Deposit, “ring-mold    
crater”, ~420 m.
E). Comparison of  simple    
crater walls from images A-C.  
Craters formed within glacial 
deposits generally lack boulders 
resolvable in HiRISE (>1 m). 

D). PSP_009799_2205

A). PSP_002046_2180 B). ESP_012857_1910 C). PSP_009689_2645

Comparison of  HiRISE images of  simple craters (A-C) and a “ring-mold crater” (D) [3].
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• Below: Incremental size-frequency distribution [8] of  craters >75 m.
• Best-fit isochron to craters >250 m suggests a retention time-scale 

for this crater population of  ~20 Ma.
• By comparison, craters within the north polar layered deposits have 

retention time-scales of  ~5-20 kyr [9].

No. > 75 m = 2,366
No. > 250 m = 221

Area = 166,035 km2

Best-fit isochron 
(> 250 m) = 20 Ma

best-fit
isochron
(20 Ma)

• The mid-latitudes of  Mars are host to features hypothesized to be debris-
covered glaciers > 100 Ma in age [1-2] (herein “glacial deposits”). These are 
important features for understanding the climate history of  Mars and as 
potential water reservoirs for future human and robotic landing sites.

• Nearly pure water-ice bodies are hypothesized [e.g., 1-3] to be covered by a 
supraglacial debris layer that is sourced from plateau walls and is <15 m in 
thickness.

• We test this hypothesis by examining the physical characteristics of  
supraglacial debris in Deuteronilus Mensae, Mars from Mars Reconnaissance 
Orbiter imagery (CTX and HiRISE) and radar sounding data (SHARAD).

• A total of  2,366 “fresh” craters >75 m superposed on glacial surfaces are used 
to assess possible layering and physical properties of  near-surface material. A 
subset is used to compare estimated excavation and crater depths relative to 
the total thickness of  the glacial deposit.

• Many craters excavate and form well into the interior of  the glacial deposits, 
retain their bowl-shaped morphologies, and generally have few boulders 
larger than can be resolved in HiRISE images (approximately >1 m).

• Near-surface reflectors in radar over the glacial deposits are generally absent.
• The supraglacial debris layer is likely to: 1) be thicker than originally 

hypothesized, 2) have a large component of  relatively fine-grained material, 
and 3) have a gradational contact with the underlying ice.

Schematic of a hypothesized glacial deposit structure
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