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Does bimodal distribution of carbon isotopes of 3.0 Ga kerogen mean oxygenic photo-
synthesis?
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In order to constrain the mid-Archean anaerobic and aerobic ecosystem, geological and geochemical studies were performed
on ca. 3.0 Ga sedimentary rocks at the northern section of Lumby Lake Greenstone Belt, Ontario, Canada[1][2]. The metamor-
phic grade reached to greenschist to amphibolite facies in the studied area. Mafic pillow lavas and gabbro are dominant rocks
in the studied area. Banded iron formations and black shales, intercalated with mafic volcanics, are found at four different hori-
zons. Each unit of sedimentary rocks has 1 to 15 m thickness. Black shales at all localities contain significant amounts of organic
carbon, ranging from 0.3 to 9.2 wt %C. Such high concentrations suggest the microbial productivities were very high during
sedimentation.

Pyrite is abundant in one a specific black shale horizon. Pyrite occurs as fine-grained or nodular shape. The fine-grained
type occurs concordantly with sedimentary structure and this type is interpreted as direct precipitates from the contemporary
submarine hydrothermal plume. Detailed petrography suggests that nodular type was formed during diagenesis by submarine
hydrothermal fluids, which introduced peripherally in stratified sediments. Pyrrhotite-pyrite assemblage and sphalerite compo-
sitions in nodular samples suggest that associated fluids were very reducing and most likely containing hydrothermal hydrogen.

Bimodal distribution of carbon isotope compositions was found among examined kerogen samples. One mode appears between
-47 to -41 per mil (PDB; mode 1), suggesting activities of methanogens during sedimentation. Geological survey indicates that
activity of methanogens was strongly concealed with contemporary submarine hydrothermal activities and sulfide mineralization.
On the other hand, carbon isotope compositions of kerogen from other horizons show -29 to -21 per mil (PDB; mode 2). Those
samples are not accompanied with submarine sulfide mineralization and did not show carbon isotope signatures of methanogens.
Widespread nature of such mode-2-type kerogen suggests that photosynthesizing bacteria were active in the water column.

Black shales of mode 2 type are often intercalated with magnetite-rich banded iron formations. Some samples show high mole
ratios of C(org)/Fe, suggesting that anoxigenic photosynthesis, such as Fe-oxidizing bacteria, is not likely for the origin of mode-
2-type kerogen [3]. In other words, the high C(org)/Fe ratios may imply the activity of cyanobacteria in the 3.0 Ga Lamby Lake
ocean.
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