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Abstract 

 

Source rock kerogen hydrogen indices and transformation ratios are frequently used as thermal maturation surrogates, and as proxies for 

calculating the amount of hydrocarbons generated from a thermally mature source rock, assuming an original hydrogen index can be assigned 

to the source rock. Transformation ratio (TR) and hydrogen index (HI) are commonly assumed to be linearly related via TR = (HIo – HI)/HIo, 

where HIo is a constant – the immature source rock's average original hydrogen index – and HI is the present day hydrogen index. In reality, 

however, the TR-HI relationship is shown to be non-linear. That non-linearity manifests itself most markedly in highly oil-prone, high original 

HI source rocks, which has important petroleum exploration implications. For example, an area where the present day HI is ~550 for an oil-

prone source with HIo = 700 would traditionally calculate at a TR = ~20%. However, its true TR is ~40%. Therefore, areas where the source 

transformation ratio has traditionally been calculated as too low to have generated/expelled commercial amounts of hydrocarbons may in fact 

have transformation ratios which do imply significant hydrocarbon generation and expulsion. Examples and application are presented. 
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Presenter’s notes: This talk will show that the TR-HI line is curved rather than straight, and will discuss the significance of this difference for interpretation and decision making. 
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Presenter’s notes: We can probably all agree with this philosophical definition of TR. But how can we actually determine TR from laboratory measurements? 
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Presenter’s notes: Here is one way. The subscript o is the immature value, and the subscript m indicates that it is the measured value 
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Presenter’s notes: Here is another way. 
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Presenter’s notes: We must resolve this discrepancy, and that means we must discard what we think we know and start again from the basics. 
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Presenter’s notes: This is the standard mathematical definition of HI. But what does HI signify, and how should it be used in interpretation? 
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Presenter’s notes: We can probably all agree with this philosophical definition of TR. But how can we actually determine TR from laboratory measurements? 
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Presenter’s notes: For immature rocks the bitumen content may be negligible, and as a result our assumptions are not bad. 
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Presenter’s notes: For mature rocks, bitumen content is normally much higher, leading to our original assumption being invalid. A consequence is that HI is no longer telling us what we assume it is telling 

us. This error creates significant problems. 
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Presenter’s notes: So, to make HI live up to its expectations, we need to know S2k and TOCk. 
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Presenter’s notes: TOC values in extracted rocks are consistently less than in unextracted rocks, and by a predictable percentage. 
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Presenter’s notes: S2 values in extracted rocks are consistently less than in unextracted rocks, again by a reasonably predictable percentage. 
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Presenter’s notes: Because S2 decreases faster during extraction than TOC, HI values in extracted rocks are usually less than in unextracted rocks. However, quantitative prediction is lower. That result 

makes intuitive sense, since HI is a ratio of the other two parameters. 
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Presenter’s notes: We note that the TR-HI relationship for extracted rocks is a family of curved lines, and that curvature increases as HI increases. Therefore, the error resulting from using the traditional 

method will be greatest for the best source rocks of greatest exploration interest. 
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