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Introduction: With growing interest in and dem-
onstrated cases of inorganic hydrothermal synthesis of
reduced or organic carbon compounds from CO and
CO,, it becomes crucial to establish geochemical crite-
ria to distinguish reduced/organic carbon compounds
of abiogenic origin from those of biogenic origin with
overwhelming abundances on the surface and in sub-
surface of the Earth. Chemical and isotopic composi-
tions, particularly PC/'*C ratios, of reduced/organic
carbon compounds have been widely utilized for de-
ducing the origins and formation pathways of these
compounds. An example is isotopic and C,/(C;+Cs)
ratios of natural gases, which have been used to distin-
guish bacterial, thermogenic, and possible abiogenic
origins. Another example is that ancient graphitic car-
bon with 3"°C values <-25%» has been considered of
biogenic origin. Although these criteria could be
largely valid, growing data including those from our
hydrothermal experiments suggest that a great caution
must be exercised.

Experimental Data:

Light hydrocarbons. We demonstrated that miner-
als and alloys enriched in native transition metals (Fe,
Ni) can catalyze hydrothermal reduction of HCO;(aq)
to methane and other light hydrocarbons under condi-

-~ tions similar to midocean ridges ({11, [2]). It was found

that abiogenic CH, thus formed at 200-300°C has very
low 8"C values (-20 to -54%.) and high C,/(C;+C;)
ratios (>10%), which are essentially indistinguishable
from those of microbial CH,. Kinetic C/2C fractiona-
tion associated with abiogenic CH, formation (-35 to -
50%o) are as large as those by methanogenic bacteria.
Literature data on Fisher-Tropsh reactions (CO ¥ light
hydrocarbons in dry conditions) also exhibited large
negative kinetic fractionations ([3], [4]). *C/'*C dis-
tributions among abiogenic methane and its homologs
(ethane, propane) can be either normal (C;<C,<C;) or
inverse (C,>C>C;) ([4], [SD).

Organic acids. We also investigated >C/**C frac-
tionation during the formation of formate (HCOOY)
from HCOs(aq) at 200-400°C. The formate was de-
pleted in >C by 3%. (400°C) to 25%o (200°C) com-
pared to HCO;'(aq). These large kinetic fractionations
produced formate with low 5"°C values (<-25%o). To
our knowledge, no isotopic fractionation has been de-
termined for the synthesis of other organic acids, but it
is known that intramolecular *C/**C fractionation be-

tween methyl and carboxyl carbons is normal,
8"3C(CH;-)<8"*C(-COOH), for natural acetic acids, and
is inverse for synthetic ones [6].

Amino acids and other organic compounds. Virtu-
ally no isotopic study has been conducted for inorganic
synthesis of complex organic compounds. Intramolecu-
lar isotopic heterogeneity and site-specific isotope frac-
tionation are reported for many organic compounds
[7]. However, no intramolecular '*C/"*C fractionation

"is observed in synthetic glycine [8].

Conclusions:

Limited experimental results from our studies and
the literature demonstrated that abiogenic processes
during the formation of reduced/organic carbon com-
pounds can involve larger negative isotope fractiona-
tion. Thus, the isotopic composition of individual com-
pounds alone is not sufficient to distinguish biogenic
and abiogenic origins. A combination of multiple iso-
topes ('>C/*2C, D/H, "N/™N, '*0/'°0) and intramolecu-
lar/site-specific isotope fractionation of single com-
pounds hold greater promise for this purpose. We need
to better understand not only the mechanisms and
processes, but also isotopic fractionation during the
abiogenic formation of organic compounds.
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