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δ13C value measured on ancient sedimentary rocks and 

sediments is extensively used in the interpretation of 
paleoenvironmental conditions and geobiological processes. 
However, we don’t understand how kinetic fractionation 
might influence siderite δ13C, especially given that siderite 
precipitation may occur under relatively high supersaturation 
(in light of solubility difference between siderite and calcite). 

Isotopic studies on siderite associated with late Archaean 
banded iron formations (~2.5Ga, Hamersley Basin, Australia, 
and Transvaal Craton, South Africa) show some negative 
δ13C values, which coupled with δ56Fe values, have been 
considered as a support for an important role of dissimilatory 
iron reduction (DIR) in the genesis of iron formations [1,2]. 
Our recent contribution [3] discussed that the texturally and 
petrographically syndepositional and/or early diagenetic 
siderite exhibits δ13C fractionation range between 0 and -8‰. 
This δ13CSid range can be interpreted in three ways: (1) 
precipitation from hydrothermal-seawater mixing fluid with a 
mixed isotopic composition between the mantle and seawater 
[3], (2) vital isotope effect including dissimilatory iron 
reduction, and (3) kinetic isotope fractionation associated 
with abiotic precipitation. 

This study presents an experimental investigation on the 
abiotic growth kinetics of siderite at surface conditions, 
delineates the rate-saturation relationship by adopting a 
chemical affinity-based kinetic model [4], and describes the 
associated kinetic isotope effect of carbon. The following 
conclusions are reached: (1) transport-controlled siderite 
growth operates in solution saturation (Ω) up to 400 with 
respect to siderite equilibrium, (2) solubility considerations 
and new growth rate data support the conclusion that several 
geological occurrences of siderite (e.g., banded iron 
formations) may reflect an origin from highly-supersaturated 
solutions, and (3) kinetic isotope effects accompanying 
abiotic siderite growth from highly-supersaturated solutions 
result in δ13CSid down to -10‰. The kinetic isotope effects we 
describe here raise the possibility that abiotic growth may 
have contributed to the formation of at least some 13C-
depleted siderite identified from the geological record. 
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