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The timing of hydrocarbon generation is crucial to evaluate the possibility of hydrocarbon charge in a 

reservoir system. In addition the composition of the hydrocarbons generated is important to evaluate the 

quality of hydrocarbons in a given reservoir from such issues as oil quality (e.g., API gravity, viscosity) to 

gas-oil-ratios (GOR). Modeling the rate of source rock decomposition and the products that it yields at 

various maturity levels is described as compositional kinetic assessment. 

 

The generation of oil and gas and the destruction of oil to gas are described by primary and secondary 

cracking reactions, respectively. Primary products include oil and associated gas both resulting from the 

decomposition of kerogen. Secondary gas or nonassociated gas is derived from the decomposition of 

primary products, i.e., oil cracking. The rate of decomposition is dependent upon the organic matter type 

and the thermal exposure from burial. Often maximum thermal exposures are determined indirectly by 

maturity measurements such as vitrinite reflectance; however, while maturity is certainly related to 

hydrocarbon generation, the timing and rate of hydrocarbon generation will vary widely depending on the 

organic matter that is present in the source rock. For example, oxygen and sulfur-rich marine kerogens 

will generate hydrocarbons under lower thermal stress (at lower maturity) than low sulfur marine shale or 

lacustrine sources. Further, gas generation is also variable within different source rock types and primary 

gas generation plays a role in generation-induced fracturing for primary migration of hydrocarbons. 

 

Laboratory experiments necessarily require much higher heating rates than are found in nature and two 

basic types of experiments are utilized to assess generation rates and hydrocarbons yields: 

nonisothermal open-system and isothermal closed-system pyrolysis. The former is needed to acquire 

kinetic data that is devoid of secondary cracking reactions, whereas the latter is required to reasonably 

assess the composition of all products that are generated either from primary or secondary cracking of 

the source rock. These experiments are used to measure rates of generation and yields for the following 

compound or compound-classes at various maturity levels: 

 

 C1 (dry gas) 

 C2-C4 (wet gas) 

 C5-C14 (light oil) 

 C15+ (normal oil) 
 

It is interesting to note that much lower generation temperatures are predicted for the C15+ fraction than 

is measured by bulk kinetic parameters, i.e., kerogen to hydrocarbons without description of the products 

(Figure 1). This is due to the ability to allow the kinetic parameters to vary by fraction rather than forcing 

the decomposition profile to be fit by a single set of kinetic parameters. This is consistent with what is 

seen in nature as free hydrocarbons are always found in low maturity source rocks in varying amounts 

(exclusive of directly incorporated biomass). 

 

Gas yields do vary through the oil and gas windows (Figure 2). These compositional kinetic results are 

comparable for the empirically-derived, type-specific kerogens of Pepper and Corvi (1995), but show that 

there is considerably variation in generation of methane and normal oil fractions apart from their type-

specific source rocks. In was also found that certain Type II kerogens, thought and described as oil prone 



kerogens, yielded a high amount of gas upon primary decomposition. Thus, hydrogen indices based 

predictions of product type should be necessarily confirmed by compositional assessments. 
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Figure 1. Generation rates by oil and gas fractions using an arbitrary geological heating rate. 

 



 

Figure 2. Variation in primary oil and gas yields with thermal maturity. 
 


