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Introduction:  During the past 30 years investiga-

tions of the continental and marine deep subsurface 
biosphere have revealed a biomass abundance and di-
versity that rivals that comprises a significant fraction 
of Earth’s total biosphere. The utilization of physical 
and chemical tracers during coring was critical in the 
discovery of the deep biosphere because the tracers 
were able to distinguish biomarkers that represented 
indigenous subsurface prokaryotes from those intro-
duced by drilling. The data used to characterize the 
abundance, diversity and long term activity includes: 
1) cellular counts; 2) DNA/RNA/protein/ATP anal-
yses; 3) phospholipid fatty acid (PLFA)/diglyceride 
fatty acid (DGFA)/Archaeal lipid analyses; 4) stable 
isotopic analyses of gases, aqueous species, biominer-
als and authigenic minerals; and 5) textures and com-
position of biodegraded glass and petroleum.  

Biomass:  The prokaryote cellular abundance in 
the subsurface ranges from 109 cells/gram to below the 
limit of detection by microscopic techniques (~6 
cells/gram) and PLFA and qPCR of 16S rRNA (~102 
cells/gram). Cellular abudance slowly diminishes with 
depth, but spikes in cellular abundance occur often at 
the interfaces between organic-rich shale and organic-
poor sandstone. Although cellular abundance tends to 
be higher in sedimentary rocks, values as high as 105-8 
cells/gram have been reported for ash flow tuffs and 
metamorphic rocks. Cellular abundances on fracture 
surfaces are ~105/cm2[1] and in ice are ~102-9/cm3. 

In Cretaceous Period sandstone and shale in the 
San Juan Basin of New Mexico the PLFA, indicative 
of active bacterial communities, concentrations ranged 
from 3,000 to 0.1 pmoles/gram and diminished with 
depth up to 200 meters.  The DGFA, indicative of re-
cently dead and inactive bacteria, concentrations 
ranged from 0.2 to 8,000x pmoles/gram (equivalent to 
~5x103 to ~2x108 cells/gram) and increased with 
depth. The absence of DGFA from the thermal aureole 
of a 3.3 myr basaltic intrusion not only illustrated the 
thermal lability of these biomarkers but also implied 
that the DGFA was greater than the intrusion age [2].  

Biodiversity: Culture based analyses, nonculture 
based 16S rRNA/18S rRNA amplicon, microscopic 
observations, and metagenomic/metatranscriptomic 

analyses have revealed that the active subsurface bio-
sphere is dominated by Bacteria and to a lesser extent 
Archaea. These analyses have also revealed the pres-
ence of micro-Eukaryotes (e.g. fungi and protists) and 
multicellular meiofauna (e.g. nematodes)[3]. Viruses 
are present at 10× the abundance of prokaryotes and 
are active as well.  

Subsurface Microbial Activity: The signatures of 
subsurface metabolic activity during the thousands of 
millenia of isolation in the subsurface are preserved in 
the biodegradation signatures of petroleum deposits 
(anaerobic alkane-degrading bacteria), in the C and H 
isotopic composition of CH4 (methanogenic and meth-
anotrophic Archaea and methanotrophic bacteria)[4], 
and in the C isotopic composition of carbonate miner-
alized fractures (both heterotrophic and autotrophic 
microorganisms). The fossilized remains of subsurface 
microbial biofilms have been reported in fracture-
filling calcite[5]. Trace fossils ranging in size from 
tens to hundreds of microns of chemolithotrophic bac-
teria have been reported in volcanic glass. These fea-
tures have also been found in Archean pillow basalt 
metamorphosed to greenschist facies[6]. Reduction 
spheroids and carbonate concretions created by subsur-
face anaerobic bacteria have been reported ranging in 
size from millimeters to meters.  

Implications for Mars Sample Return: If life 
emerged on the surface of Mars it may have suc-
cumbed to a Gaian bottleneck[7] of a rapidly diminish-
ing atmosphere. The subsurface biosphere whether 
sheltered in sedimentary or igneous rocks in sub-
freezing saline pore water [8] would have continued to 
grow and evolve and their remains preserved in freshly 
excavated rock today.  
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