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LITHOLOGY CLASSIFICATION FROM WELL LOGGING DATA USING MACHINE 
LEARNING 

Duong Hong Vu, Hung Tien Nguyen, Vinh The Nguyen 

Faculty of Petroleum and Energy, Hanoi University of Mining and Geology 

ABSTRACT 

Lithological classification from well logging data is an important step in researching 
and restoring the historical development of geological processes as well as searching and 
exploring for useful minerals. With traditional methods, manual interpretation of logging 
data is time-consuming and the accuracy is based on the experience of the interpreter; 
however human error can significantly contribute to the uncertainty of the interpretation. 
With the rapid development of machine learning technology and artificial intelligence, there 
have been many studies applying them to solve identification and classification problems, 
bringing very positive results, using artificial intelligence techniques to solve these tasks 
will give faster and more objective results. In this study, we apply various artificial 
intelligence techniques (c-mean fuzzy, KNN, artificial neural network ANN) to predict 
lithology from well logging data of 3 wells. The accuracy of lithology predictions produced 
by using machine learning techniques is significantly higher than that of conventional 
interpretation techniques. Therefore, it may be concluded that funding and implementing 
this new research direction would be worthwhile. 

Keywords: Well logging, lithology classification, Machine learning 

1. Introduction 

Information about basement structures is often provided by the results of processing and 
analyzing geophysical data [1]-[6]. Geological information interpreted from geophysical data 
often must be compared with well log data, so analyzing well log data to provide useful 
information is an important task [7]. However, this work often takes a lot of time and in many 
cases is subjective and lacks quantification. To overcome these challenges, currently computing 
tools such as machine learning and artificial intelligence (AI) are being used more and more in 
data processing fields. Specifically, the application of these tools for analyzing well log data has 
been published by the works of Bosch et al. [8]; Dekkers et al. [9], in the East Sea region there 
are also works by Karmakar et al. [10]; Tse et al. [11]. The results achieved by these authors 
show the effectiveness of applying these machine learning techniques. In this study, authors 
apply machine learning and AI algorithms for lithology classification using geophysical well log 
data. 

2. Data Analysis 

In this study, we use well log data of 3 wells from international ocean drilling programs 
(http://web.iodp.tamu.edu/), which includes: wave velocity (Vp), gamma ray, density, magnetic 
susceptibility, and proportions of sand, silt and clay components (figure 2,3,4). 

In figures 1 and 2, it can be observed that there is a fairly clear boundary at about 200m 
that divides the physical parameters into upper and lower parts, corresponding to the P-wave 
velocity changing from low to high. Conversely, the magnetic susceptibility changes from high 
to low. 
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Figure 1. Physical parameters and proportions of sand, silt and clay data of well A.  

 

Figure 2. Physical parameters and proportions of sand, silt and clay data of well B. 
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Figure 3. Physical parameters and proportions of sand, silt and clay data of well C 

In this area, the lithology is divided into two groups D and M, the distribution of physical 
parameters is presented in Figure 4. Basically the distribution of physical parameters of these 
two groups is the same. While P-wave velocity and magnetic susceptibility show biclustering, for 
both lithological groups, density and gamma ray do not show this. 

In general, the parameters represent two groups according to the values of the physical 

parameters, but the division of the two lithological groups according to these parameters is 

unclear. This issue is also shown quite clearly in Figure 5, when the parameters of P-wave 

velocity and electrical permeability are involved, the points of the samples are divided into two 

quite clear clusters (Figures 5a, 5b and 5c). ). Especially when magnetic susceptibility appears, 

the samples are clearly separated into two clusters (Figure 4d and Figures 5c, 5f).  

It is easy to recognize that the relationship between physical parameters is not linear, the 

data pattern shows a cluster form (Figure 5). Subtracting a relationship between gamma ray and 

magnetic susceptibility (Figure 5e) and density versus magnetic susceptibility (Figure 5f) shows 

a linear relationship. The correlation between the proportions of sand, silt and clay with the 

physical parameters (Figure 6) shows more clearly the non-linear, cluster relationship. 

It can be seen from figure 6 that group D is related to low clay and high silt percentage and 
conversely, high clay and low silt percentage are related to group M. Linear correlation between 
physical parameters and clay and silt composition is very low. 
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Figure 4. Distribution of the parameters P-wave velocity (a), gamma ray (b), density (c) and 
magnetic susceptibility (d) The parameters are expressed according to two lithology groups D 

and M. 

 

Figure 5. Correlation between parameters of wave velocity, gamma ray, density and magnetic 
susceptibility according to two lithologyl groups D (diamond) and M (circle). In each figure the 

color range is represented according to the values of the parameters 
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Figure 6. Correlation between parameters of P-wave velocity, gamma ray, density, magnetic 
susceptibility with the proportions of clay and silt according to two lithological groups D (light 

blue) and M (red) 

3. Lithology classification by machine learning 

In this study, author used fuzzy c-means algorithm to classify lithology from well log data 
of 3 wells A, B and C. The fuzzy c-means algorithm [12] divides the elements of the input data 
into groups based on the similarity of the elements' properties. Unlike the K-means method in 
which each element belongs to only one group, in this method elements can belong to many 
groups with different membership coefficients. 

One of the most important tasks in fuzzy cluster analysis is determining the number of 
clusters. Currently, the number of clusters is often determined based on a number of indicators. 
In this study we use two indices NCE [13] and XB [14] the smaller these two indexes are, the 
better the cluster analysis process is. The analysis results determined that a number of clusters 
equal to two is optimal for this dataset (Figure 7). 

 
a. 

 
b. 

Figure 7. The NCE (a) and XB(b) indices used to determine the optimal number of clusters. 
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Figure 8. Comparison of results of petrographic division based on average c-fuzzy cluster 
analysis and core sample description in wells A(a), B(b) and C(c) with an accuracy of 61.57 

%,, 57.62 % and 62. 16%, respectively. 

It can be seen from results (figure 8) that group 1 (Cluster#1) corresponds to lithology type 
D, and group 2 (Cluster#2) corresponds to lithology type M. The accuracy compared to the core 
sample is about 60% , this rate is not too high. However, it should be noted that lithology and 
physical parameters have a low correlation, as analyzed above. Furthermore, core sample 
classification is subjective, and may have errors, as evidenced by the fact that compared to the 
clay ratio (Figure 7), there are still many points mixed in the two regions of the two lithology 
types. 

CONCLUSION 

In this study we use fuzzy C-means algorithms to classify lithology from physical 
parameters in well log data of 3 wells. The initial results are positive, but the accuracy is not high. 
Author's has some suggestion: 

1. To improve the accuracy and reliability of the method, in addition to using the input data 
as the geophysical data; geological information should be added or other high resolution 
well logging curves. 

2. Machine learning have very high applicability and its inclusion to solve the oil and gas field 
tasks is very potential, there needs to be more research that go deeper into this topic. 

  

(a) 

(b) 

(c) 
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Áp dụng hệ hóa phẩm VPI SP EOR nâng cao hệ số thu hồi dầu cho khu vực 
BK-16, đối tượng miocen nam, mỏ bạch hổ, Lô 09-1 Việt Nam ...........................  308 



 
Tuyển tập báo cáo hội nghị Khoa học – Công nghệ  

Chào mừng sự kiện Liên doanh Vietsovpetro khai thác tấn dầu thứ 250 triệu 

382 
 

8. Hoàng Long, Nguyễn Minh Quý, Đoàn Huy Hiên, Bùi Việt Dũng,  

Phạm Quý Ngọc và các tác giả VSP 
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