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Hydrocarbons and other organic compounds in hydrothermal fluids in deep-sea environ-
ments have attracted broad interests because they can work as sources of metabolic energy and
various nutrients to microbial communities (primary producer), which maintain the other lives
in food-chain in the ocean. Three possible processes have been proposed as sources of hydrocar-
bons and other organic matters: thermal digestion of biologically formed organic matters such
as kerogen and living biomass (thermogenic), production in biological activities (biogenic), and
generation by inorganic reactions in hydrothermal systems such as reduction of CO: in interac-
tions between ultramafic rocks and hydrothermal solutions in un-sedimented deep seafloor (abi-
otic). Abiotic synthesis of methane and other hydrocarbons in hydrothermal systems possibly
served as a source of prebiotic materials on the early Earth. Therefore, submarine hydrothermal
vents are considered as a possible site for the origin of life. Here we review the results of hydro-
thermal experiments which can make constraints on the abiotic organic carbon syntheses such
as Fischer-Tropsch type reactions in deep-sea hydrothermal environments.

Key words: hydrothermal experiment, deep-sea hydrothermal system, abiotic organic synthe-
sis, Fischer-Tropsch type reaction, water-rock interaction
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(b2 & DOMRALIRTT UG & s AL A BT S a8t
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Table 1 Concentrations and isotopic compositions of dissolved gases in representative unsedimented hydrothermal vent fluids. Modified from McCol-

lom and Seewald (2007).
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MAR: Mid-Atlantic Ridge; JDF: Juan de Fuca Ridge; EPR: East Pacific Rise.

mM, pM, nM = 10™mol/L, 10 mol/L, 10°mol/L.

(1983); McCollom & Seewald

Data sources are: Cody et al. (2004); Charlou et al. (1996a; b; 1998; 2000; 2002); Evans et al. (1988); Kelly et al. (2005); Kumagai et al. (2008); Lein et al. (2000); Lilley et al.,

(2007); Prokurowksi et al., (2006); Welhan et al. (1983;1987).
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Fig.1 Diagram illustrating mineral-buffered redox
potential, expressed as the fugacity of H. (g),
and carbon speciation as a function of tem-
perature (modified from McCollom and
Seewald (2007); originally from Shock
(1992)). Curves labeled FMQ (fayalite-
magnetite-quartz), PPM (pyrite-pyrrhotite-
magnetite), and HMP (hematite-magnetite-
pyrite) correspond to the oxidation state
that would be attained at thermodynamic
equilibrium in geologic systems buffered by
these mineral assemblages. Dotted lines re-
flect equilibrium ratios of fCO. to f CH..
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Fig. 2 Cross-section of Dickson-type hydrothermal apparatus composed of large-volume
pressure vessel and flexible gold reaction-cell with titanium closure (after Sey-

fried et al., 1979).
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Fig.3 Concentrations of dissolved H., CO., and
light hydrocarbons during serpentinization
of olivine in the experimental study of
Berndt et al. (1996). Modified after
McCollom and Seewald (2007).
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Fig.4 Mass spectrum of propane generated during
hydrothermal reaction of ?CO. in the pres-
ence of chromite plus magnetite in an ex-
periment by Foustoukos and Seyfried
(2004). Measured abundances of propane
with mass/charge ratios (m/z) of 44, 45, 46,
and 47 are shown, corresponding to molecu-
lar ions for “Cs;Hs, “C."CHs, "C*C.Hs, and
“CsHs, respectively. ’C-bearing products
represent those synthesized in reduction of
¥CO, during the experiment, while “C is de-
rived from background sources of organic
matter in starting materials or on the sur-
face of experimental apparatus. The black
bar represents the amount of “C,;"CH; ex-
pected for natural abundances of *C based
on the abundance of *C:Hs. Modified from
McCollom and Seewald (2007).
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Fig.5 Concentration of methane of hydrothermal
fluids formed by reduction of CO. catalyzed
by varying amounts of NiFe-alloy (after
McCollom and Seewald (2007); originally
from Horita and Berndt (1999)). The experi-
ments were carried out at 300°C.
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Fig. 6 Carbon isotopic composition of hydrocarbons
produced during Fischer-Tropsch-type syn-
thesis in the presence of iron under hydro-
thermal conditions at a temperature of 250
°C and a pressure of 32.5 MPa (McCollom
and Seewald, 2006; 2007). Horizontal lines
represent isotopic composition of dissolved
CO, (—14.2%) and precipitated siderite
(—19.1%).
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