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       Introduction: A variety of intra-crater features 
that are potential markers of ice-rich material have 
been identified in the northern plains of Mars and 
specifically in Utopia Planitia, including: concentric 
fill [1] that has recently shown to be characterized by 
sublimating “brain” terrain [2]; thermokarst-like 
scalloped depressions [3], and; small-sized polygons 
that may be underlain by massive ground-ice [3,4]. 
Within this context, we recently presented evidence 
for Late-Amazonian glacial flow within a ~ 11.5 km 
diameter crater that overprints Adamas Labyrinthus 
[5], a network of wide (0.3-2.0 km) intersecting 
channels in central Utopia Planitia [6]. We have 
expanded our study to include all MOC (Mars Orbiter 
Camera), THEMIS (Thermal Emission Imaging 
System), HiRISE (High Resolution Science Imaging 
Experiment), and CTX (Mars Reconnaissance Orbiter 
Context Imager) images of craters with diameters 
greater than 5 km that overprint Adamas Labyrinthus, 
which extends from ~30–42N and 100–115E (Fig. 1).  
       We report a variety of glacial-like features, 
including: possible glacial flow features (Fig. 2, 3d); 
moraine-like features (MLF) located on crater floors 
(Fig. 3a-c) and; a possible ice-rich surface unit (10–
20 m thick) marked by small-size polygons (~15–20 
m across) that is found on northern outer-crater walls 
and within the channeled troughs of Adamas 
Labyrinthus (Fig. 3e,f). Although evidence for intra-
crater glacial flow has been presented for other mid-
latitude regions [7,8], it has heretofore gone 
unreported in Utopia Planitia. We suggest that the 
assemblage of landforms in Adamas Labyrinthus is 
consistent with region-wide late-Amazonian glacial 
conditions, including the substantial accumulation of 
H2O ice within crater bowls. 
 

!
Figure 1: Viking background map showing location of 
Figures 2 & 3. Polygons represent Adamas Labyrinthus 
(modified from [6]) 

       Glacial Flow: Glacial-like flow features occur 
within several craters. Figure 2 shows a 4.5x1.5 km 
flow-feature that moved down from the southeast 
crater wall and across the floor. We suggest that the 
origin of the flow feature is glacial based on its 
morphology, which is comparable to valley glaciers 
observed in terrestrial environments, and because of 
the incompatibility between the morphology of the 
crater and wet or dry debris flow processes. A flow 
volume of ~7x108 m3 is estimated for the feature 
assuming an average thickness of 10 m. The 
mobilization of this volume of debris from the crater 
wall would have left a substantial detachment scar – 
but no such scar is visible. It is, therefore, likely that 
the flowing material was deposited atmospherically 
during recent obliquity excursions. Small-sized 
polygons that may have formed by the thermal 
contraction of ice-rich material occur on the central 
surface of the flow-lobe, but nowhere else within the 
crater. Finally, the debris aprons of a series of gullies 
overlie the feature (Fig. 2b), which is consistent with 
gully formation having occurred subsequent to glacial 
flow – a stratigraphy reported in southern craters [9].  
 

!
Figure 2: a) Section of CTX image P15_006724_2167 
showing possible glacial-flow feature. b) Sketch of 
interpreted stratigraphy. 
 

        Moraine-Like Features: Moraine-like features 
on the floors of several craters are consistent with 
glacial movement down their southern (pole-facing) 
walls. Figures 3a and 3b show moraine-like ridges 
near the southern walls of two craters that are 
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concave down-slope, towards the center of the crater 
floor. The morphology and orientation of these 
features is consistent with Martian moraine-like 
features identified in other studies [7,8] where pole-
ward facing glacial flow was inferred.      
 

 
Figure 3. a) Moraine like features (MLF) near the southern 
wall of a crater with pronounced gullies (cropped section of 
CTX image P18_008135_2188). b) MLFs near southern 
crater wall (section of CTX image P16_007423_2190). c) 
~8km across convex-downslope MLF (section of CTX 
image P01_001357_2198). d) Possible glacial flow features 
with flow direction apparently N-S (cropped section of 
HiRISE image PSP_001357_2200) e) Potential residual 
ice-mantle overlying north-eastern wall of crater – same 
crater as 3c & d. Image is a cropped section of HiRISE 
image PSP_001357_2200. North is up. f) Potential residual 
ice-mantle in trough of Adamas Labyrinthus channel 
(cropped section of HiRISE image PSP_006500_2200). 
 

Anomalously, one crater contains an arcuate 
moraine-like feature (long axis ~ 8 km) that is also 
situated near its southern wall, but that is oriented 
convex towards the center of the crater floor (Fig. 
3c). If moraine concavity is a reliable indicator of 
glacial flow direction [8], this would imply that 
glacial flow moved north to south across the crater 
floor. While this flow direction is unusual according 
to observations at other Martian sites [7,8], the 
structure has several features that support north–south 
glacial flow: sinuous flow features on its western 
section appear to have breached through it from 
north-south (Fig. 3d), and; MOLA profiles show the 
terrain immediately north of its eastern half to be 
stepped down between 10-20 m relative to the terrain 
immediately south of it (MOLA transect in Figure 3). 
In terrestrial settings, the terrain immediately in front 

of end moraines (i.e., in the direction of glacial 
advance) is typically at lower elevations due to the 
accumulation of material behind the moraine during 
ablation. We suggest that it is reasonable to expect 
this geometry to occur with Martian moraines. 

Ice Mantling: A high albedo mantle (thickness 
estimated to vary between ~10–20 m) occurs on the 
northern outer walls of craters and on north-facing 
floors in  troughs of Adamas Labyrinthus (Fig. 3e, f). 
The mantle is marked by small-sized polygons and 
shallow depressions thought to form by the 
sublimation of near-surface volatiles. The mantle 
appears to have retreated from crater rims in many 
areas, and is not present on the equatorial-facing 
sections of troughs. In both settings where the mantle 
occurs, conditions are optimal for shielding from the 
ablative effects of solar radiation and regional winds. 
It is possible that this mantle is related to the thin (5-
10m thick) icy mid-latitude mantle described in past 
publications (i.e., [10]), but we note that the mantle in 
Adamas Labyrinthus is absent of the “thumbprint 
terrain” morphology that is characteristic of the mid-
latitude mantle, and that it was also not featured in 
mapping of this region by [6].   

Conclusions: The identification of possible 
glacial features in Adamas Labyrinthus provides 
further evidence for the widespread late-Amazonian 
deposition of volatiles in Utopia Planitia. With late-
Amazonian glacial-like features having been 
identified in the Nilo-Syrtis region west of the Utopia 
basin [11] and in the Elysium Mons region to the east 
[12], the identification of intra-crater glacial-like 
features in the Utopia basin may be indicative of 
glacial conditions having been ubiquitous in the 
north-eastern mid-latitudes for a period during the 
past several hundred million years. To further explore 
this matter, future investigations will focus on 
relations between the features that we have discussed 
and previously identified periglacial and glacial-like 
regions that border it to the northeast [3,4,13].                                  
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