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Sources of Methane 

l  BIOGENIC METHANE 
§ Marsh gas, methane hydrates 
§  Landfill gas 
§  Degradation of petroleum products  

l  THERMOGENIC METHANE 
§  Pipeline gas 
§ Migrated petroleum gas 



Biogenic Methane Formation 
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Thermogenic Methane Formation 
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Gas Composition and Isotope Ratio 



δ13C Values of Geochemical Materials 
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Methane Isotope Ratios 
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Complications: Methane Oxidation 

CO2 + 2H2O 
 
 

CH4 + 2O2 
 
 

Bacteria 

l  OFTEN OCCURS IN THE NEAR SURFACE  

l  CAN ALTER ISOTOPIC SIGNATURE 



12C – X Bonds are weaker than 13C – X Bonds 
 

In a chemical reaction, 12C – X Bonds break faster 
than 13C – X Bonds 

 
If reaction proceeds to completion – all CH4 goes to CO2 - 

isotope ratio in product is the same  as in starting 
material  

 
If reaction is partially completed, 12C is  

concentrated in product, and 13C is concentrated  
in starting material 

 
Starting material (CH4) changes to lower δ13C values 

 

Methane Oxidation 
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Alteration of Methane Isotope Ratios 



Case Study: Origin of Gas Seeps 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.



Gas Seeps 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.



Seep Sample locations 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.



Oil and Gas Production Wells 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.



Methane Isotope Ratios 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.



Methane Genetic Fields 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.



Gas Explosion Los Angeles 

l  Explosion in an apartment underground parking  

l  Residual gas was collected 

ZymaX ID Sample ID δ13C δD ppm ppm 

    CH4 CH4 CH4 C2-C5 

42122-2 #369 from B9-C2 -38.2 -199.1 8105 5.1 

42122-3 #339 from B9-C1 -39.4 -203.3 2095 15.9 



Gas Explosion Los Angeles 



Marsh Gas 



Soil Methane, California 

l  Methane in soil at recreational ground 
l  North is service station with gasoline  

 release 



Soil Methane, California 
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Soil Methane, California 

l  Samples with the highest CH4 concentrations (SB2V) 
contain the heaviest CO2 

l  Consistent with CO2 reduction to CH4 



Landfill Gas 

Hurst 1997 

Hackley et al (1996) 



Landfill Gas Characteristics  

l  ABUNDANT CO2  

l  OFTEN HIGH TRITIUM CONTENT IN METHANE 
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Landfill Site 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.
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Soil Gas Composition 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.
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Methane from Hydrocarbon Degradation 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.

Lundegard, P.D. (2006) 



14 C Analysis 

l  14C Activity 
l  Percent Modern Carbon 
l  THERMOGENIC METHANE: 0 pMC 
l  BIOGENIC METHANE 

§ Marsh gas: ~30 - ~120 pMC 
§  Landfill gas: ~120 - ~150 pMC 
§  Degradation of petroleum products: 0 pMC 



14 C Analysis 



Methane at Service Station Site 

Lundegard et al, (2000) 



14C in Methane at Service Station Site 

Lundegard et al, (2000) 



Source Characterization Flow Chart 
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