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Introduction:  In any given environment at or near 

the surface of the Earth, there are a multitude of energy 
sources that microbial life has evolved the capacity to 
use to support metabolism and growth.  In subsurface 
environments, which constitute a vast majority of the 
potentially habitable biosphere, the known energetic 
resources lie in the form of chemical disequilibrium 
(not in the form of photons).  Thermodynamic assess-
ments of such environments predict a ‘laundry list’ of 
possible energy sources [1], but it is often difficult to 
link these predictions to observational data of microbi-
al communities.  Furthermore, these efforts are often 
confounded by stark thermal and chemical gradients in 
many habitats, which lead to a high diversity of endem-
ic microbial taxa, many of whose physiology, and 
therefore pathways of energy utilization are unknown.  
An ideal system to explore the relationships between 
energy flow and microbial ecology is one with a li-
mited number of energetic resources and a tractable 
level of taxonomic and functional diversity.  This work 
develops the concept that serpentinite-hosted microbial 
ecosystems are one such setting. 

Serpentinite-hosted microbial ecosystems:  Ser-
pentinization, which is the aqueous alteration of ultra-
mafic materials (characteristic of the Earth’s mantle) 
has been well documented through experiment, theory, 
and observation to produce copious quantities of hy-
drogen and small organic molecules.  From the pers-
pective of habitability, serpentinization also leads to 
highly reducing, alkaline conditions (up to pH 12).  It 
has been predicted to have played a key role in the 
origins and early evolution of life on Earth [2], and is 
strongly considered in terms of the habitability of Mars 
and Europa.  Practically speaking, the potential sources 
of chemical energy in serpentinizing microbial ecosys-
tems are dominated by the oxidation of hydrogen, and 
to a lesser extent the cycling of methane [3].  Observa-
tional data indicate that these systems are long-lived, 
and harbor limited phylogenetic diversity [4, 5].  Sev-
eral different environments on the modern-day Earth 
provide insight into the relationships between serpenti-
nization and microbial life including slow-spreading 
mid ocean ridges, mud volcanoes associated with sub-
duction zones, and ophiolite materials emplaced in 
continental settings. 

The Tablelands serpentinite, part of the Bay of Isl-
ands Ophiolite complex in Newfoundland, Canada 

provides an opportunity to carefully document and map 
the relationship between geochemical energy, microbi-
al growth, and expiration.  Alkaline fluids at the Tab-
lelands originate from 500-million year old oceanic 
crust and accumulate in shallow pools or in seeps from 
serpentinized rubble.  Fluids, rocks, and gases were 
collected during a series of field excursions in 2009 to 
study the relationships between serpentinization, fluid 
chemistry, and microbial life. 

Microbiology at high pH:  Several complementa-
ry approaches were implemented to trace the relation-
ships between chemical energy and microbial life.  
Fluids, solids, and gases were sampled in order to con-
duct geochemical and isotopic analyses.  Solids and 
fluids were used to initiate microcosm enrichment ex-
periments under both aerobic and anaerobic conditions.  
Nucleic acids (both DNA and RNA) were extracted 
from parallel samples and used to document both tax-
onomic and functional genetic diversity, including 
genes for hydrogen oxidation, methanogenesis, carbon 
fixation.  Microscopic observations of the fluids and 
solids from the Tablelands provided quantitative data 
on the standing stock of microorganisms and their vari-
ation in different habitats.  Finally, in situ experiments 
deployed in the alkaline pools allowed the colonization 
kinetics of natural microbial communities to be traced.  
Preliminary data indicate that a low but detectable 
stock of microorganisms inhabit the high pH pools, and 
the culture-dependent and –independent diversity of 
these cultures is currently being analyzed and coordi-
nated with geochemical data. 

Implications for Astrobiology  Terrestrial serpen-
tinite-hosted microbial ecosystems with their accessi-
bility, their low phylogenetic diversity, and limited 
range of energetic resources provide an excellent re-
source to explore the relationships between geochemi-
cal energy and life. Furthermore, such systems with 
overlapping abiogenic organic syntheses, copious geo-
fuels, extant and extinct microbial communities pro-
vide a solid testing ground for deciphering and devel-
oping robust biosignatures.  In addition to being fasci-
nating ecosystems on Earth, they  may have profound 
consequences for potentially habitable extraterrestrial 
environments. 
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