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Experiment:  Limits of Life in the Deep Biosphere
General theme area:  1. Geo-Biology 

Relevant fields:  geomicrobiology, evolutionary biology, geochemistry, hydrology
Science goals:  This experiment is intended to address the following questions: (1) how deeply does life extend into the subsurface? (2) What are the factors that limit life in the deep subsurface?  (3) What fuels the deep biosphere?  (4)  How does the interplay between biology and geology shape the deep subsurface? (5) What can we learn from subsurface genes and genomes?   These are broad, compelling questions identified by the DUSEL S1 team as justification for creating a DUSEL.  Probing as deeply as possible for geomicrobiological sampling is an essential aspect of DUSEL.  Ideally, we will drill beyond the limit of life, but even if this is unachievable, coordinated geochemical, isotopic, mineralogical, hydrological, microbiological, and molecular analyses will reveal relationships of indigenous subsurface microbes to their energy sources, to mineralogical processes, etc.
Description of experiment: Multiple boreholes will be drilled using the deepest portion of DUSEL available (7400L) and extending into previously unexplored, uncontaminated subsurface environments as deeply as possible using available underground drilling technology. Current underground technology enables drilling and coring ~2500 m further for a total depth approaching 5 km, where the ambient rock and groundwater temperature may exceed 121°C.  Thus, this experiment will determine the lower depth limit for life and the factor(s) (temperature, pressure, energy availability, porosity, pressure, etc.) that determine the lower depth limit of life.  Multiple, angled boreholes will be used to sample a large volume of the subsurface at great depth.  Environmental conditions and microbial communities will be characterized in deep fracture waters and in rock cores.     
External dimension of experiment:  5-10 m W x 5-10 W l x 8-10 m Ht.

Minimum overburden required:  As much as possible.  This experimented is targeted for the 7400L with the goal of drilling and coring beyond the 121°C isotherm.

Maximum instantaneous electrical power required:  Sufficient power for an underground drill rig to operate for the 2-4 weeks needed to drill and core to the deepest depth possible.

Expected average electrical power required:  After each borehole has been drilled, water will be sampled intermittently from the borehole.  This may require a few hundred watts/h intermittently.

Special ventilation requirements:  None beyond having sufficient ventilation for drilling and sampling crews to work the space safely during 2-4 week drilling/sampling campaigns.

Water supply/drainage requirements:  Drilling will require a drilling fluid, which will likely be water from the mine.    

Clean-room grade and floor space required:  Access to chemistry/microbiology laboratory with HEPA-filter sterile transfer hood for sample processing. 

Hazardous materials or equipment:  none.

Data link capacity required:  none

Personnel access requirements:  ~6 scientists underground, 12-20 scientists, students on site for 2-4-week intervals during drilling and during water sampling.

Surface facilities and space required: Surface lab, if available for chemical and microbiological analyses.  Refrigerators (5°C) and freezers (-20°C) for short-term sample storage 

