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 Resolving the origin of organic compounds, 
whether in the deep terrestrial subsurface, at hydro-
thermal fields such as Lost City, or reported methane 
in Mars’ atmosphere, requires a means of distinguish-
ing abiotic from biotic organosynthesis of hydrocar-
bons. As carbon isotope characterization of CH4 alone 
is rarely conclusive, studies of both terrestrial and ex-
traterrestrial hydrocarbon compounds require con-
straints from higher molecular weight hydrocarbons 
and additional isotopic and geochemical parameters - 
including hydrogen isotope  signatures, gaseous com-
positions and characterization of possible carbon 
sources feeding organosynthesis reactions. 
 An isotopic model has been published that 
predicts carbon isotope values for higher hydrocarbons 
through to pentane produced by abiogenic polymeriza-
tion from CH4 [1]. This was shown to account for the 
unusual carbon isotope signatures of deep subsurface 
hydrocarbons gases found in a variety of settings in 
Precambrian Shield rocks. As exploration of these an-
cient hydrothermal settings for gold and base metals 
expand mine workings to depths of up to 3 km below 
the earth’s surface not only in the gold fields of South 
Africa but also in the Canadian Shield, the incidence 
and volumes of gas encountered increase with the 
depth of exploration. While many sites are dominated 
by methane and higher alkane gases produced by mi-
crobial processes, H2 and hydrocarbon gases in the 
deepest, most ancient fracture waters with residence 
times on the order of tens of millions of years have 
been suggested to be the product of abiotic hydrocar-
bon formation reactions.  The relative distribution of 
biotic versus proposed abiotic signatures varies both 
with geological setting and depth of the fracture sys-
tems encountered.  
 Sampling of fracture waters and dissolved 
gases in Precambrian Shield rock at these extreme 
depths seeks to delineate the interface between geo-
logically dominated (abiotic) systems and those domi-
nated by microbiological processing and cycling of 
carbon.  Exploration of these systems may provide 
information about the limits of the deep terrestrial bio-
sphere, and the geochemical factory that produces sub-
strates on which microbiological communities at great 
depths survive. 

 A critical component of this work is to pro-
vide experimental determination of the carbon and 
hydrogen isotope fractionation associated with differ-
ent processes of abiotic organosynthesis and hence to 
probe for possible abiosignatures that may permit dif-
ferentiation of these hydrocarbons from those pro-
duced by biological synthesis and carbon cycling. A 
related abstract will address the issue of the role of 
different carbon sources in abiotic hydrocarbon syn-
thesis using carbon isotopes [2]. This paper will pre-
sent results from abiotic synthesis of gaseous hydro-
carbons in hydrothermal experiments at 250C and 
50MPa using native Fe catalyst to determine reaction 
mechanisms by combining carbon and hydrogen iso-
tope analysis and compositional analysis of reactants 
and products. Results suggest at least two mechanisms 
of gaseous hydrocarbon production were involved in 
the experiments.  
 In the early stages of the experiments, the 
product distributions were attributable to Fischer-
Tropsch synthesis from CO and H2. In contrast, in the 
later stages of the experiment, hydrocarbon product 
distributions were no longer well described by the 
Anderson-Schulz-Flory model, and the presence of 
magnetite, and increase in CO2 concentrations suggest 
that thereafter hydrocarbon production was dominated 
by siderite decomposition. This is perhaps the first 
study to measure carbon and hydrogen isotope frac-
tionation during abiotic formation by siderite decom-
position as well as FTT. In both cases the carbon iso-
tope value of the initial methane formed was signifi-
cantly depleted, by more than 20 to 67 permil, with 
respect to the oxidized carbon precursors. These re-
sults underscore that large carbon isotope fractionation 
measured between the oxidized and reduced forms of 
carbon are not unique to biogenic reactions. 
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