Surface to Lower Biosphere Limit: Long-term Geobiology Reference Transect
DUSEL Geobiology White Paper
Duane Moser

Desert Research Institute

Las Vegas, NV 89113

duane.moser@dri.edu
Overview: A custom-built borehole array would enable the systematic biological exploration of an intact subsurface ecosystem block: from surface to beyond the lower biosphere limit. The boreholes would be sited to intersect existing subsurface fractures and employ the best available technologies to minimize and document drilling-associated contamination. Once stabilized, these holes could be regarded as artificial fractures and manageable connections into deep fractured rock aquifers. Cores obtained during drilling would be examined for endolithic microorganisms and subsamples archived for future analysis. This facility would be designed to last indefinitely and support repeat sampling over decades by the scientific community in response to new technologies.  

Scientific objectives: 1) Explore the spatial distribution of microorganisms in three dimensions from surface to the lower biosphere limit. 2) Develop a better understanding of indigenous subsurface life vs. introduced or translocated forms. 3) In coordination with geoscientists, track extant and historic fluid migration in three dimensions and test hypotheses concerning deep microbial colonization history. 4) Constrain the spatial limits of historic and ongoing mining influence on deep communities. 4) Establish the first official deep ecological reserve and deep subsurface geobiology reference site. 

Experimental approach: Roughly ten sidewall boreholes of a minimum 500 m length each would extend into undisturbed strata at intervals from the surface to 8000 ft. Several vertical holes would probe deeper hotter depths beneath the mine. Holes would be sealed/backfilled to ambient pressure and outfitted with sampling ports, packers and unreactive multilevel or U-tube samplers to allow repeated fluid sampling proximal to features of interest (e.g. fractures). Holes in unsaturated zones would be sealed and packered to enable gas sampling and down-hole collection of surface biofilms. Microbial population structure in the boreholes would be assessed using molecular tools, both temporally from time-zero and spatially to quantify the extent and persistence of mining-induced contamination. Efforts would be made to develop sterile drilling technologies (e.g. purified water as drilling fluid or air-lift). Facilities would be developed to enable the emplacement and recovery of long-term in situ mineral weathering and substrate addition experiments. 

anticipated outcomes: Changes in community structure over the depth transect would be documented by ever-improving technologies enabling the reconstruction within a geological context of metagenomes and metabolomes from presumably simple and verifiably subsurface derived communities. The distribution of organisms, their genetic potential, and their gene expression patterns could be correlated in three dimensions with geological structure and rock composition in situ and in real time. 

