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Abstract

We investigated the phylogenic and geochemical characteristics of biogenic coalbed methane (CBM) in the Indiana part of the Illinois Basin
to identify the organisms responsible for methane generation and to determine the biogeochemical constraints on production of methanogenic
substrates, such as H, and CO,. 16S rRNA analysis of in-situ microbial community and methanogen enrichments indicate that
Methanocorpusculum is the dominant methanogenic genus. This microorganism was characterized by its distribution of intact polar cell
membrane lipids (IPLs) and by scanning electron microscopy. Typical characteristics of Methanocorpusculum were rapid growth in the H,
and CO; environment, small 0.4 um spherical cells, and a 2:1 ratio of diethers to tetracthers in the cell membrane. Within the clone library of
water co-produced from a CBM well, we also found species capable of anaerobic degradation of a variety of molecules, including
polyaromatic, aromatic, and aliphatic hydrocarbons. Oil extracted from co-produced coalbed water shows a high level of biodegradation. We
calculated free energies available for in-situ subsurface conditions for CO,-reduction and acetoclastic methanogenesis, homoacetogenesis, and
syntrophic acetate oxidation that represent terminal microbial biodegradation reactions. Methanogenesis via CO,-reduction appears to be the
dominant terminal biodegradation process affecting coal organic matter. We suggest that post-uplift influx of fresh water, most likely during
inter- and post-glacial periods, decreased the salinity of the original basinal brine and allowed inoculation of previously sterile Indiana coals
with a diverse biodegrading microbial community. Further integrated biogeochemical analysis will more precisely define the role of the
microbial community on the rate-limiting steps of biogenic methane formation.
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~ 3 cm3/g (100 scf/ton), ~ 99%. of micrabial origin

Strgpoc et al., 20006, IJCL
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Presenter
Presentation Notes
So, is the scenario of intergalcial/postglacial activation of methanogenesis realistic? The initiation of methanogenesis by dilution of basinal brines was already observed in New Albany Shale – deeper formation in Illinois Basin. Retreating ice sheet provided large influx of fresh water to the Illinois basin formations diluting its brines down to methanogen-friendly levels and leaving Pleistocene water isotopic signatures. But why then we observe modern meteoric water in our coal beds? We suggest that there is much faster water overturn in our shallower coals (100m, NAS 400m deeper), which also experienced post-glacial fracture relaxation.
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+CBM reserves in the eastern margin of the III|n0|s Basm are
predominantly of microbial and likely recent origin.

+0Ongoing methanogenesis is dominated by CO,-reduction

pathway utilized by Methanocorpusculum genus, supported by =
geochemistry, isotopes, enrichments,16S rRNA, IPLs, and free |

A‘!
4

energy calculations.

“*Complex microbial community degrades gaseous (C; and n-
C,) and liquid hydrocarbons (coal derived oil), and potentially
solid organic compounds present in coal.

*Microbes play a key role in anaerobic biodegradation of
subsurface OM. Microbes (Firmicutes, Bacterioidetes,
Spirochetes) defragment and ferment larger organic moieties,
and provide substrates (especially H,) for the terminal step —

[I,-_‘J METHANOGENESIS.
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