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Summary 
 
The total organic carbon content (TOC) is a crucial 
indicator for the evaluation of shale gas reservoirs, 
traditionally estimated by measuring cores, cuttings 
or sidewall cores in laboratory with source rock 
evaluation instruments. Limited by the number of 
rock samples, the experimental results are not 
continuous and it is impossible to show the whole 
face of a source rock bed. There are different 
empirical methods  used in the industry to estimate a 
continuous TOC log which includes Passey method, 
Schmokers method etc , however, to estimate TOC 
from these methods need a certain set of logs, also 
analysis has to be carried out individually in each 
well. In this paper, a new method based upon the 
statistical approach has been applied for estimation of 
TOC. The results from this method shows good 
match with core data which indicates the applicability 
of this method in areas with limited logs and where 
other methods cannot be applied. This paper also 
highlights the advantages of this technique over other 
empirical methods exist for estimation of TOC. 
 
Introduction 
 
TOC is the amount of carbon bound in the organic 
compounds of the rock. It is an important parameter 
for shale gas evaluation, because it allows 
determination of the gas adsorbed on the kerogen. 
There are different methods like Passey method, 
Schmoker method used for the estimation of TOC 
from conventional logs. The Schmoker density log 
technique uses the bulk density log and assumes that 
the change in density of the formation is due to the 

presence or absence of low density organic matter. 
The Passey method is based on the separation of the 
porosity logs and resistivity curves to identify areas 
of organic content. This separation is linearly related 
to TOC and is a function of maturity. This paper 
outlines a method by using statistical method to 
estimate TOC and the results shows good calibration 
with core TOC. 
 
Case Study 
 
The study pertain to cambay basin area. Cambay 
Basin is a broadly NNW-SSE trending failed rift 
basin (aulacogen), formed during the Tertiary period 
and is a major petroliferous basin of India, located in 
the state of Gujarat. Entire basin is divisible into five 
tectonic blocks (Figure 1), based on transverse fault 
systems.  
 

 
 

Figure 1. Cambay Basin 
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There are number of localized depocentres present all 
along the basin which are governed by the rift 
geometry. The present study is concerned with the 
Jambushar field which is located in the 
Broach/Jambushar block For the study purpose, 5 
wells with core TOC and wireline data were used. 
Quality check of the data was carried out initially as 
it is the important part of any formation evaluation 
studies..This process involves correcting for depth 
mismtach, removal of non geologic response etc. 
Figure 2 shows an example plot of data used of Well 
A. After the quality check of data, TOC was 
estimated using Passey method and Schmoker 
method for each well using conventional logs.  
 

 
 

Figure 2: Example plot of data in the well A 
 
Methodology 
 
In the present study, the total organic carbon is 
estimated using three different methods. The first is 
proposed by Passey (1990) and depends on the 
combination of resistivity with porosity logs, while in 

the second method which is Schmoker method(1983), 
the organic carbon content (TOC%) is related to the 
density log only. The third method is based on 
statistical prediction using Multi resolution graph 
based clustering technique (MRGC). In the following 
section, a detailed description of all the methods will 
be provided. 
 
The Schmokers method is an empirical method used 
to estimate TOC from density log data. TOC is 
estimated based on the response of bulk density 
measurement to low density organic matter using the 
formula. 

                    TOC% =  A/blog-B  ------------------(1) 

where, blog is the density log reading, and A and B 
are constants varying depending on the formation of 
interest 
 
Although the method was developed and refined 
based on specific environments, it is frequently used 
for TOC estimation in a wide variety of shale 
formations (Schmoker,1983). Figure 3 shows the 
TOC estimation results of Well A from Schmoker 
method 
 

 

Figure 3: Plot showing TOC from Schmoker method 
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The Passey method (1990) was first developed and 
tested within EXXON/ESSO. Since that, it has been 
successfully applied to many wells worldwide. It is 
found to work adequately in both carbonate and 
clastic source rocks, and can be accurate in predicting 
TOC% over a wide range of maturities. The method 
employs the overlaying of a properly scaled porosity 
log (Sonic, Density or Neutron) on a resistivity curve 
(preferably from deep reading tool).  
 
The organic-rich intervals can be then recognized by 
the separation and non-parallelism between these two 
curves (Δlog R). Passey et al.(1991)proposed the 
following algebraic expression for the calculation of 
Δlog R from Sonic/Resistivity overlay:  
 
log R= log10(Rt Rtbl)+0.02*(t-tbl)  -----------(2) 
 
 
where, Δlog R is the curve separation measured in 
logarithmic resistivity cycles, Rt is the true resistivity 
log reading, Δt is the sonic log reading, Rtbl and Δtbl 
are the base-lined resistivity and sonic readings in 
front of nonsource shale, and 0.02 is a constant based 
on the ratio of 50 µsec/ft per one resistivity cycle.  
 
 
Density and neutron curves can also be scaled in 
combination with the resistivity curve in a similar 
way to that used in the sonic/resistivity combination. 
The total organic carbon (TOC%) can be then 
calculated as follows:  
 

TOC%= (log R) *10(2.297-0.1688*LOM) ------(3) 
 
where, TOC is the total organic carbon content and 
LOM is the level of maturity. Figure 4 shows the 
TOC estimation results of Well A from Passey 
method. The TOC estimates from this method is 
matching with the available core data as shown in 
Figure 4. This method require complete suit of logs 
in all the wells and intensive core data for validation. 
 

 

Figure 4: Plot showing TOC from Passey  method 
 
The third method is Multi Resolution Graph based 
clustering statistical method(MRGC) which was used 
for TOC estimation in this study. The MRGC method 
minimizes user bias by using a multi-dimensional 
dot-pattern recognition method based on non-
parametric k-Nearest Neighbors(KNN) and graph 
data representation. The underlying structure of the 
data is analyzed and natural data groups are formed 
that may have very different densities, sizes, shapes, 
and relative separations. MRGC automatically 
determines the optimal number of clusters, yet allows 
the interpreter to control the level of detail actually 
needed to define the model. Self Organising Map 
(SOM), Ascendant Hierarchical Clustering (AHC) 
and other clustering methods need to know the 
number of clusters beforehand, which is usually 
unknown by the user and it can substantially  affect 
the results. Most methods cannot detect clusters of 
varied shapes or need a large and equivalent number 
of points on each cluster (same size) to do it. The 
MRGC method solves the dimensionality problem 
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and offers all the advantages, while eliminating most 
of the drawbacks of the others methods. 
  
In this study for TOC estimation using MRGC 
method, well logs from two wells were used for 
model building. Conventional logs like Gamma ray 
(GR), Density (RHOB), Resistivity (RT) and Sonic 
(DT) logs are trained with core TOC using MRGC 
method. After training the data, results were 
generated in the reference wells. The results show 
good comparison with core TOC in refernce wells. 
Figure 5 & 6 shows the TOC results in refernce well 
A & B. This model is propagated over to the other 
three wells to generate a continous TOC log. Figure 7 
shows the propagated TOC in well C which was not 
used in the model building. Figure 8 shows the 
crossplot of core TOC and TOC from statistical 
method and shows good correlation. 
 

 

Figure 5: Plot showing TOC from Statistical method for 
Well A 
 
This shows the authenticity of the model which has 
been developed in the training wells by using core 
samples and conventional logs data.  

 

Figure 6: Plot showing TOC from Statistical method for 
Well B 
 

 

Figure 7: Plot showing TOC from Statistical method for 
Well C 
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Figure 8: Cross plot showing Core TOC and TOC from 
statistical method 

 

Conclusions 

TOC estimation through MRGC technique is an 
statistical model based approach on the recorded data 
and vary from field to field. This approach is more 
realistic related to all the log data which are 
responsible for TOC estimation, since the log 
response is a function of the presence of TOC in the 
formation. This is an intensive data based analysis 
technique and widely acceted in oil and gas industry. 
TOC estimation is carried out using emprical and 
statistical methods. Statistical method results shows 
good calibration with core TOC. This method can be 
applied in areas where less amount of logs are 
available. Accuracy of the results depend upon the 
quality of the logs used in the training data as well as 
in the application data. 
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Nomenclature 
 
TOC – Total Organic Carbon 

LOM – Level of maturity 

MRGC – Multi Resolution Graph Based Clustering 

SOM – Self Organizing Map 

AHC – Ascendant Hierarchal Clustering 

KNN – Kernel Nearest Neighbor 

NI – Neighboring Index 

KRI– Kernel Representative Index 

 


