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Temperature effects on life in
the deep subseafloor biosphere
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As sediments are successively buried, geothermal
heating potentially influences the turnover of organic
matter, the mineralogical and geophysical properties
of sediments, and the composition and activity of
microbial communities in the subseafloor. While
temperature activation of organic matter and minerals
potentially helps to sustain the deep biosphere [1],
temperatures above ~80°C are thought to limit life in
the deep nutrient-depleted realm [2]. Here, we
investigate the impact of temperature on the deep
biosphere in the Nankai Trough subduction zone off
Japan, where IODP Sites C0011 and C0012 target the
incoming sediments, geothermal gradients are over
~90°C km-1 [3], and in situ temperatures are ~80°C at
the maximum penetration depth of 881 and 576
meters below seafloor, respectively. At both sites, the
concentrations of microbial cells drop sharply and the
lipid composition of their cell membranes changes
markedly once temperatures exceed 40°C.
Concurrently, metabolites such as acetate accumulate
in the pore-waters, and in the bulk dissolved organic
matter pool (characterized by Excitation Emission
Matrix Spectroscopy) the protein-like fraction
increases. During incubation of sediments at in situ
temperatures, we observed complete turnover of 13Clabeled glucose under sulfate reducing conditions at
~37°C, but not under methanogenic conditions at
higher temperatures, at which 13C-labeled metabolites
accumulated. Together, our findings suggest that
microbial activity, community size and composition
change markedly at temperatures above ~40°C.
Higher temperatures go along with incomplete carbon
turnover, but cultivation-independent data and
incubation experiments point to microbial activity at
all temperatures below 80°C.
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