
Artificial Intelligence for the Characterization of Paleokarst Features in the Barra Velha Formation, Santos Basin: 

An Approach Based on Convolutional Neural Networks  

 

I. L. de Jesus1, S. Arauco1, V. Mattoso1, L. Sinimbu1, M. Blauth1, A. Soares1, M. Becker1, P. Cruz1, A. C. Sanchetta1, L. Mendoza1,  

M. A. Pacheco1, F. Shecaira1, L. R. Tedeschi2, C. Roisenberg2, L. Rodrigues2, L. Gandini2, J. Zhao3, A. Souza4 

 
1ICA, PUC-RJ, Rio de Janeiro, Rio de Janeiro, BRAZIL 
2Petrobras/Libra, Rio de Janeiro, RJ, BRAZIL 
3CNPC/Libra, Rio de Janeiro, Rio de Janeiro, BRAZIL 
4Petrobras, Rio de Janeiro, Rio de Janeiro, BRAZIL 

 

Abstract 

 

The karstification process in the Brazilian Pre-Salt carbonate reservoirs has been widely studied in the last decade. Various diagenetic attributes 

such as dissolution structures, open fractures, vuggy intervals, caves, and breccias, interpreted as "Paleokarst" features, frequently occur in the 

Barra Velha Formation. These features are common in structural highs areas, where faults and fractures play an important role as conduits for 

fluids promoting the dissolution of carbonates, increasing porosity and improving permeability. Conversely, these processes can obliterate the 

original matrix permoporosity through events of mineral precipitation. The characterization and modeling of these features are critical to define 

an optimal development plan of the field and to minimize potential hazards during drilling. The present research focuses on the 1D karst 

characterization by using well log information. Although the application of artificial intelligence (AI) using conventional well logs is already a 

consolidated practice in the oil industry, publications on the use of AI associated with acoustic borehole image (BHI) are quite scarce. To 

contribute to this knowledge, this study proposes leveraging architectures based on Convolutional Neural Networks (CNN) to analyze acoustic 

borehole image data and automate the identification of karst features and image facies classification. Acoustic borehole image logs are an 

efficient tool for non-matrix structure identification due to their high-resolution data and complete borehole wall coverage. In this study, the 

analysis was separated into three main steps: 1- Systematic interpretation of key wells’ BHI for the entire studied interval resulted in the 

identification of well segments with three labels (data annotation): (i) Karst interval; (ii) Well breakout; (iii) Background rock, based on BHI 

properties such as image color (amplitude). 2 - After the BHI labeling process, aiming to automate the karst features characterization process, 

several CNNs were trained to create a classifier based on the acoustic BHI logs labels. 3 - For intervals where the BHI were compromised, a 

complementary traditional machine learning algorithm was applied based on the conventional well logs information to distinguish between 

regions with or without karst. Some well-known architectures in the field of deep learning (e.g. VGG16, ResNet, ViT and others) were applied 

in the transfer learning process to ensure accurate inferences on the tested data. To address this classification problem, a fine-tuning process 

was applied to all network layers. The machine learning model adopted to classify the compromised BHI intervals was the Extreme Gradient 

Boosting (XGBoost) algorithm. The applied workflow has proven to be a powerful tool to differentiate karstic from non-karstic intervals. To 

test the described methodology, data from ten wells in the Barra Velha Formation of a selected Santos Basin field were used for the machine 



learning training process, and the application test results demonstrated high levels of accuracy. Additionally, descriptions of cored key wells 

have shown good correlation with the image facies classification. The project’s next step will be the application of AI to discriminate different 

types of karst by using not only image logs but also complementary well information, such as drilling fluid circulation losses, in the annotation 

process to support the neural net learning. 


