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“brain terrain” indicate about the presence and duration of satu-
rated active layers in Utopia Planitia during the recent Amazonian?
From terrestrial experience, the formation of low-center polygons
on Earth is most dramatic in ice-wedge polygons, which require
seasonal input and freezing of liquid water (Washburn, 1973;
Root, 1975; Marchant and Head, 2007). However, raised shoul-
ders also form on sand-wedge polygons that develop in cold and
arid climates in which liquid water is not available in significant
quantities (Péwé, 1959; Berg and Black, 1966; Washburn, 1973;
Root, 1975; Marchant and Head, 2007). If ephemeral liquid water
was present during the development of low-center mantle poly-
gons, driving the formation of pronounced polygon-margin shoul-
ders, then its spatial extent was limited to concentrated occur-
rences at the tapering margins of the mantle, and to both the
floors and steep slopes within scalloped depressions. This range
of locations in which low-center mantle polygons are observed is
inconsistent with simple ponding and saturation of sediments. Fur-
ther, exposures of pristine “brain terrain” in locations where the
mantle has been completely removed from the surface strongly
suggest a cold and dry (e.g., sublimation) mechanism for the re-
moval of mantle material to form windows down to the “brain
terrain;” had these pits been water-saturated to form ice-wedge
polygons, it is likely that the underlying “brain terrain” would have
been reworked and extensively modified. Lastly, the preservation
of original “brain terrain” cell axial furrows suggests that subse-
quent, widespread cryoturbation has not disrupted these fine-scale
surface features. Rather, we suggest that the morphology of “brain
terrain” and mantle material can be accounted for by atmospheric
deposition of ice during periods of high obliquity, and modifica-
tion of ice-rich units by a suite of cold-desert processes including
glacial deformation, thermal contraction cracking, and differential
sublimation in the absence of abundant near-surface liquid water.

Finally, these analyses provide a framework for understanding
relationships between “brain terrain” textures present on lobate
debris aprons and lineated valley fill elsewhere on Mars and the
latitude-dependent mantle (LDM). Contacts between “brain ter-
rain” and LDM occur extensively at martian midlatitudes, includ-
ing transects in eastern Hellas, Deuteronilus Mensae and Nilosyrtis
Mensae (Fig. 21). The wide distribution of contacts between “brain
terrain” and LDM material suggests that the transition between
mid-Amazonian glacial periods, and more recent Amazonian, dry
“periglacial” conditions are not restricted to local occurrences and
may indicate global climate processes.

5. Summary and conclusions

“Brain terrain” and polygonally-patterned latitude-dependent
mantle (LDM) surfaces were analyzed in Utopia Planitia. Strati-
graphic relationships and crater-count ages show that the mantle
surface postdates concentric crater fill “brain terrain” by ∼10–
100 My. Two unique surface textures were identified in each
unit, respectively, closed-cell “brain terrain” and open-cell “brain
terrain,” and high-center mantle polygons and low-center man-
tle polygons. Lateral contacts between textures are shown to be
gradational, suggesting modification of “brain terrain” and mantle
material into the current range of surface morphologies. A com-
bined glacial-stress/thermal-contraction and differential sublima-
tion mechanism is proposed for the formation and modification of
“brain terrain” on concentric crater fill. A similar model, driven by
thermal contraction cracking and differential sublimation of under-
lying ice, but without glacier-like ice flow, is also proposed for the
formation and development of the polygonally patterned mantle.
This explanation for examined “brain terrain” and polygonalized
mantle material requires two different styles of atmospheric depo-
sition of ice: an older, “glacial” deposition period for the formation
of concentric crater fill “brain terrain,” and a more recent “ice

age” mantling period for the deposition of LDM. Both deposition
styles result in the formation of near-surface excess ice (ice vol-
ume exceeding available pore space). Glacier-like concentric crater
fill with closed-cell “brain terrain” is interpreted to have formed
during a mid-latitude peak-glaciation period that ended at ∼10–
100 My. This was followed by quiescent cold desert conditions,
preceding the most recent “ice age” (Head et al., 2003) period at
∼1–2 My, responsible for the deposition of mid-high latitude de-
pendent mantle material, the formation of mantle polygons, and
the modification of closed-cell “brain terrain” present at mantle
margins into open-cell “brain terrain.” Understanding the devel-
opment of “brain terrain” on Utopia Planitia concentric crater fill
provides insight into analysis of “brain terrain” present on lobate
debris aprons and lineated valley fill across the martian midlati-
tudes, suggesting a dynamic history of ice redistribution under cold
desert conditions during the late Amazonian.
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