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(Rx-Rstd )

(Rstd )
δ(x) = * 1000

where Rx is the isotopic ratio of the heavy, rare isotope
versus the light, abundant isotope of the sample

(i.e., 13C/12C, or deuterium / hydrogen)
vs. that of the standard (Rstd)

usually reported in parts per mil (‰)

if Rx < Rstd, then δ(x) is negative
if Rx > Rstd, then δ(x) is positive

EXAMPLE:
if a methane has a δ(13C) of -65, then it is isotopically
lighter than another methane that has a δ(13C) of -40

STABLE ISOTOPES
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* CO 2 present is dominantly as HCO 3 dissolved in formation waters

* methanogenic bacteria preferentially reduce 12CO2, so 13C-enriched CO 2
and 12C-enriched CH 4 results
* microbes do not produce higher-molecular-weight hydrocarbons other
than methane

CO 2 reduction
CO 2 + 4H 2 CH 4 + 2H 2O

acetate fermentation
CH 3COOH CH 4 + CO 2

methyl group reduction by dissimilation of acetate
CH 3COO - + H + CH 4 + CO 2

MICROBIAL GAS BY:

* δD more negative than -300‰
*  surrounding water provides only 1 of the 4 hydrogen atoms incorporated
in methane
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CONCLUSIONS
* maturation increases southward in Forest City and Cherokee basins

* gas content likely increases southward also, perhaps westward into th

* some coalbed gases have biogenic component

* biogenesis more important in updip areas

* separate thermogenic and biogenic production fairways are possible
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