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Introduction 

Total organic carbon (TOC) belongs to a group of geochemical indicators of the hydrocarbon 

generation potential in rocks. Unconventional hydrocarbon resources with TOC above 2%wt 

can be considered as a source rocks. Petrophysical base of TOC understanding is presented in 

figure 1. 

 

Fig. 1 Source rock composition (after Philippi (1968), Nixon (1973) and Meissner (1978) included in Bowman T. 

presentation, 2010) 

 

Rock-Eval or other geochemical laboratory investigations are useful tools for TOC 

determination. Scientists, industry engineers and other practitioners use several TOC 

calculating methods basing on well logging data.  

Methods and data sets 

The frequently used is the method based on the combination/comparison of well logging 

traces in proper scale. This popular Passey et al. (1990) idea and it’s modifications are based 

on the following curves: deep resistivity log (LLd or ILd), transit interval time from sonic log 

(DT), neutron porosity (NPHI) and bulk density (RHOB). Bowman …. (2010) method 
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belongs to the same group of solutions. For each of the porosity related curves a synthetic 

curve from resistivity is calculated. This is made by plotting the resistivity logarithm vs. any 

of the porosity curves (Neutron, Acoustic or Density). Then, a regression line is selected. This 

one is a trend line representing clays with low content of organic matter. Difference between 

these synthetic curve and the original one, multiplied by the scale factor, represents the 

parameter Δ log R which is converted to TOC.  

Another, also popular Schmoker (1979) method is based only on bulk density data. Volume of 

TOC and bulk density are combined by empirical formula: 

 

 

 

where: a and b are constants which should be calculated for a particular formations and 𝜌𝑏 is 

bulk density.  

To obtain TOC there are also considered empirical methods – statistical relationships. Among 

others there are used linear (2) and multidimensional (3) relations (Waszkiewicz 2018):  

 

𝑇𝑂𝐶 = 𝑎(𝑈 − 𝑈 𝐾⁄ ) + 𝑏  (2) 

 
𝑇𝑂𝐶 = 𝑎1 ∙ 𝑋1 + 𝑎2 ∙ 𝑋2 +⋯+ 𝑎𝑛 ∙ 𝑋𝑛 + 𝑏  (3), 

 

where: U, K are uranium and thorium contents from spectral gamma ray log, X1, X2,…,Xn are 

logs selected by interpreter in the process of statistical approach to TOC determination, and a, 

𝑎1, … , 𝑎𝑛, 𝑏 are statistically evaluated constants. 

 

The described methods were applied to well logging data from the Polish, Silurian and 

Ordovician shaly sediments in Baltic Basin, Poland (Kiersnowski and Dyrka, 2013) and the 

most productive Cuban oilfield of Cretaceous and Jurassic sediments located at N-NW of 

Hicacos peninsula (Tamayo, 2015).  

Conclusions 

Coefficients of determination describing the relationships between calculated and laboratory 

measured TOC values for empirical methods are bigger than for the Passey and Schmoker 

methods. Use of the empirical methods enables to devoid a subjective factor in comparison to 

the Passey method and locally determined coefficients in the Schmoker method. In the 

intervals of bigger TOC concentration determination coefficients are higher. Combining data 

𝑇𝑂𝐶 =
𝑎

𝜌𝑏
− 𝑏 (1) 
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for regression for several wells did not give appropriate results. The results depend on 

conditions like burial depth, type of kerogen. 

In the case of Cuban data according to calibration, the Bowman method shows better results 

than Passey method. Calculated TOC curves well define source potential of rocks in close 

boreholes. Formations with high source potential show similar behavior from well to well. 
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