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Introduction:  On Earth, the majority of all proka-

ryotes (archaea and bacteria) reside in the marine sub-
surface, perhaps to depths of several km [1]. The aver-
age cell densities there are low, decreasing with depth 
[2], and the mean turnover times in the deep subsea-
floor are generally hundreds to thousands of years [3]. 
These prokaryote communities receive severely li-
mited sources of usable energy and carbon, apparently 
living on the edge of starvation [4]. In hydrothermal 
systems, however, where hot, chemically reduced vent 
fluids mix with cold, oxidized seawater, the situation is 
demonstrably different. Archaea and bacteria thrive on 
geochemical energy sources in and around the mixing 
zones, establishing the base of dynamic food webs that 
feature extremely high rates of biomass production.  

Thermodynamic models can be used to quantify 
the in situ energetics of metabolic processes—both 
catabolic (ATP-generating) and anabolic (biomass 
synthesis) reactions. Considering only one vent fluid 
composition, that of the basalt-hosted hydrothermal 
system at 21 ºN on the East Pacific Rise (EPR), it was 
shown that aerobic respiration at low temperatures and 
anerobic respiration at elevated temperatures are po-
tential energy sources for chemolithoautotrophs [5]. 
The energy modeling further showed that anabolic 
processes, limited to the autotrophic synthesis of pro-
tein-forming amino acids, are significantly more fa-
vorable in the mixing zone of a hydrothermal system 
than in cold seawater [6]. In fact, contrary to conven-
tional wisdom, the net synthesis of 11 of the 20 amino 
acids was shown to be exergonic (energy-yielding) at 
this EPR site. These results are consistent with the 
broadly held view that the origin and early evolution 
of life on Earth took place in hydrothermal systems, 
driven by naturally occurring, omnipresent geochemi-
cal energy sources [7-9]. However, they are simply a 
snapshot of one fluid composition at one vent emanat-
ing from one rock type. 

Results:  Along the ~65,000 km of global ridge 
crest, several dozen hydrothermal fields are currently 
known, with countless distinct active vents. These sys-
tems are characterized by a wide range in host rock 
type, vent fluid composition, and temperature, result-
ing in a wide range of redox reaction energetics. Here, 
we present results from geochemical reaction path 
modeling to determine values of Gibbs energies (ΔGr) 
for key catabolic and anabolic reactions in 12 well-
characterized, geologically diverse deep-sea hydro-

thermal systems. The catabolic reactions considered 
are aerobic oxidation of sulfide, methane, iron, and 
hydrogen; sulfate reduction; methanogenesis; and 
anaerobic oxidation of methane (AOM). To model 
anabolism, we considered the synthesis from inorganic 
starting materials (e.g., CO2, H2, NH3, H2S) of biomass 
monomers (e.g., amino acids, nucleotides, saccharides) 
that constitute a model prokaryotic cell [10]. Of the 
hydrothermal systems included in this study, six are 
basalt-hosted (Edmond, Endeavor, EPR 21ºN, Lucky 
Strike, TAG, Menez Gwen), three are peridotite-
hosted (Rainbow, Logatchev, Lost City), two are felsic 
rock-hosted (North Su 2, North Su 3), and one is   
troctolite-hosted (Kairei). 

The thermodynamic calculations show that the 
energetics of both the catabolic and anabolic reactions 
are vastly different for the peridotite- and troctolite-
hosted sites compared to the basalt- and felsic rock-
hosted sites. At the most favorable vent fluid:seawater 
mixing ratios (6-8% vent fluid), the synthesis of 1 g of 
biomass monomers yields 700-800 J at Rainbow,   
Logatchev, Lost City, and Kairei.  By comparison, the 
same reactions yield only up to 300-350 J at Endeavor 
and EPR 21ºN and consume 200-400 J at Menez 
Gwen and North Su. At these same optimum mixing 
ratios in the peridotite- and troctolite-hosted systems, 
the potential catabolic energy yields are generally 
highest and quite similar for the aerobic oxidation of 
hydrogen, methane, iron, and sulfide (~1 kJ per kg of 
vent fluid). In the basalt- and felsic rock-hosted sys-
tems, on the other hand, sulfide oxidation generally 
dominates the energy spectrum (~1 kJ per kg of vent 
fluid), and hydrogen oxidation plays only a minor role. 
The main determinant of the energy yields in the ana-
bolic and catabolic reactions considered here is the 
concentration of hydrogen in the vent fluids. 
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