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We have used all relevant HiRISE, MOC, THEMIS and CTX images of mid Utopia Planitia (UP; ~30-600N; ~65-1010E) to identify and then map the spatial association of flat-floored and scalloped depressions, small-sized ((~150m) polygonal patterned-ground and polygon-junction/trough pits. In periglacial regions on Earth such as northern Yakutia and Alaska, similar landscape-assemblages comprised of thermokarst lakes or alases, ice-wedge polygons and polygon-junction ponds are markers of ice-rich permafrost (dominated by lens-like segregation ice). The distribution of these Martian putative periglacial-landforms (PPLs) cross cuts geological units that have a wide range of ages and types, i.e. HBU1 (early Hesperian, lava) - AEta (late Hesperian, fluvial) - ABa (late Amazonian, aeolian), and suggests that a previously unidentified periglacial unit (PUPU) exists in the region. Regardless of whether the PPLs form by means of sublimation or thaw, questions concerning the origin of the hypothesised ice-rich permafrost itself have been largely overlooked in the literature. We propose that the PUPU, which is tens of metres deep, regional in spatial extent and shows sub-horizontal banding, is an ice-enriched loess-like (or fine-grained) unit comprised principally of segregated ice. The loess-like material could be weathered and eroded clasts derived of the North Polar Layered Deposits and transported to the mid-latitudes by katabatic winds. We also suggest that the process of ice enrichment is distinct from and independent of loess deposition and accumulation. As is the case with their presumed analogues on Earth, we hypothesise that the Martian PPLs form in fine-grained sediments that have accumulated episodically and undergone melt-water infiltration (possibly derived of surface snow or ice). Fines facilitate cryosuction, which is the attraction of water towards a freezing front, and the formation of segregated ice lenses centimetres to metres thick at the bottom of the active layer as it becomes perennially frozen. Thick columns of ice-enriched permafrost form syngenetically when sediment accumulation occurs more or less concurrently with ice lens formation. Metre-thick (near-surface) ice-cemented permafrost has been observed in the Antarctic Dry Valleys. Diffusive exchange between the atmosphere and the near-surface sediments is the process by which ice cementation could have taken place. However, diffusive exchanges to the full depth of the PUPU are not thought to be possible. Interestingly, if the PUPU has formed by means of diffusion and not by melt-water migration then syngenesis, once again, could be invoked as a fulcrum.
