A Model for the Formation of Sub-Basement Fossil Soil drilled in the North Pacific (ODP, Leg 197): A possible Novel Analog for a Deep Subsurface Biosphere on Earth and Mars
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Searching for life preserved in potential subsurface ecosystems on Mars, where conditions at the surface (low T-P, UV-radiation, oxidants) prevent extant life, is one key objective of Astrobiology. If life evolved on Mars, indeed, fossil organics and possibly extant life might exist at depth [1-2].

We propose as a model system for the search for fossil and extant life within the Martian deep subsurface, the formation of deeply buried Late-Paleocene/Eocene soils that were drilled under the volcanic basement (~310-mbsf) during the ODP Leg-197 [3].

The red soils were formed~>56Ma ago from the weathering of basalts atop subsiding seamounts, as Hawaii today [4].  Soils were subsequently overridden by lava flows. Burial rates up to ten times higher than subsidence rates, e.g., present-day~avg.2.5 mm/years produced conditions for the isolation of the fossil soil from the atmosphere and ocean under the eruptive sub-basement until they were drilled.

Furthermore, these soils are Fe-oxides/oxy-hydroxides-rich, receive no sunlight, are primarily anoxic and organics-poor (C-org=0.01-0.12%Wt, ±0.02%).  They have a C-N stable isotope signature more negative than that of surface Hawaiian counterparts, indicating that some significative diagenesis of pristine surface organics occurred over time. These data may be used to determine the source of organics in the soils sample [e.g. 4] and their potential as subsurface biosphere on Earth.

These features would make appropriate the use of the fossil soil as novel deep Mars-like soil and plausible analog for a Subsurface Biosphere on Mars.  Data from these soils will help better interpreting chemical and mineralogical composition of subsurface Martian regolith/soil samples.
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