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The largest excursion in bulk/mineral δ56Fe and 

kerogen δ13C values yet measured in the ancient rock 
record occurs in rocks of ~2.7 to 2.5 Ga age.  New Fe 
isotope data (Fig. 1A and [1]) integrated with previ-
ously collected C isotope data (Fig. 1B and [2]) on the 
same samples document the metabolic diversity of 
microbial communities in the Neoarchean Hamersley 
Province of the Pilbara Craton in Western Australia.  
Samples of shales, carbonates, and mixed carbon-
ate/shale lithologies were collected from three drill 
cores; two cores from the depocenter of the province 
and one from the margin. 

Shallow water clastic/carbonate rocks deposited in 
the center of the province (Tumbiana Formation) re-
cord kerogen δ13C values that indicate C cycling by 
various methane-related pathways, such as aerobic 
methanotrophy (AMT) or anaerobic oxidation of 
methane (AOM) (Table 1).  Methanogen-produced 
CH4 has very low δ13C values (typically less than 
-60‰), whereas photosynthetically-fixed C tends to 
have δ13C values of approximately -30‰ (Fig. 1B). 
The restricted range in δ56Fe values indicate little or no 
Fe redox cycling. 

Deep water sediments deposited contemporane-
ously in both parts of the Hamersley Province (Jeeri-
nah Formation) record slightly positive δ56Fe values in 
the relatively shallower and suboxic margin, but 
strongly negative δ56Fe values in the deeper euxinic 
depocenter of the province, a pattern consistent with Fe 
cycling via a basin Fe shuttle, driven by bacterial dis-
similatory iron reduction (DIR) (Table 1).  Kerogen 
δ13C values from these units indicate the co-occurrence 
of microbial Fe cycling and AMT or AOM, the latter 
possibly directly coupled to sulfate or iron reduction 
(AOM-SR, AOM-IR) (Table 1). 

Table 1. Possible metabolic reactions of Neoarchean sedimentary  
              environmentsa 
Oxygenic photosynthesis  
          CO2 + H2O → CH2O + O2 

Anoxygenic photosynthetic iron oxidation (APIO)          
          4Fe2+ + CO2 + 4H+ → CH2O + 4Fe3+ + H2O 

Dissimilatory iron reduction (DIR)  
          4Fe(OH)3 + CH2O → 4Fe2+ + HCO3

- + 7OH- + 3H2O 

Bacterial sulfate reduction (BSR)  
          SO4

2- + CH2O → 2HCO3
- + H2S 

Methanogenesis  
          CO2 + 4H2 → CH4 + 2H2O or  
          CH3COOH → CH4 + CO2 
Aerobic methanotrophy (AMT)  
          7CH4 + 8O2 → 6CH2O + CO2 + 8H2O 
Anaerobic oxidation of methane 
     coupled to sulfate reduction (AOM–SR)  
          CH4 + SO4

2- → HCO3
- + HS- + H2O  

     coupled to iron reduction (AOM–IR)  
          CH4 + 8Fe(OH)3 + 15H+ → HCO3

- + 8Fe2+ + 21H2O 
a Adapted from [1] 

Fig. 1. δ56Fe values of bulk rocks (A) and δ13C values of kerogen 
(B) collected from the sample samples plotted against stratigraphic 
age.  δ13C values of kerogen were collected by [2].  Gray symbols 
represent samples collected from the depocenter of the Hamersley 
Basin and open symbols represent those collected from near the 
current margin of the basin, though both deep and shallow water 
sediments are preserved in each location. Adapted from [1]. 
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Younger black shales, intercalated with iron forma-
tion (Marra Mamba Iron Formation) in the depocenter, 
record a shift to near-zero δ56Fe values reflecting an Fe 
budget dominated by hydrothermal and clastic sources.  
However, time-equivalent, Fe-rich carbonate/shale 
lithologies deposited on the margin of the province 
(Carawine Dolomite) have δ56Fe values that steadily 
decrease from near zero to strongly negative values.  
These relatively Fe-rich carbonates may reflect a car-
bonate trap of a DIR-driven Fe shuttle, in contrast to 
the sulfidic trap in the euxinic portion of the Jeerinah 
Formation.  Kerogen δ13C values from these units indi-
cate cycling of carbon by AMT or AOM(-IR). 

Shallow water carbonates deposited by turbidity 
currents in relatively deep water in the center of the 
province (Wittenoom Formation), have δ56Fe values 
that correlate with Fe concentrations, a pattern that 
indicates Fe cycling by Rayleigh fractionation through 
precipitation of iron oxides from aqueous ferrous iron.  
δ13C values for kerogen from this unit indicate a major-
ity of the preserved organic carbon was cycled by pho-
tosynthetic organisms.  These δ56Fe and δ13C data, 
combined with previously reported biomarker data that 
show evidence of a greater abundance of oxygenic 
photosynthesizers and aerobic methylotrophs in this 
shallow-water setting [3], suggest that oxygenic rather 
than anoxygenic photosynthesis (Table 1) was the 
dominant form of carbon fixation recorded by the 
sediments of the Wittenoom Formation. 

The dominant interpretations for the large negative 
excursion in the Fe isotope record are those of Rouxel 
et al. [4] and Anbar and Rouxel [5], who suggested 
near complete oxidation of large amounts of Fe2+

aq, an 
abiological process, and Johnson et al. [6], who sug-
gested an expansion of bacterial dissimilatory iron 
reduction, a biological process.  In the present study 
[1] we report evidence that each process occurred at 
different times and under different environmental con-
ditions, and that Fe mass balances must be considered 
in order to distinguish between the two.  
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