
3D Geological Modeling of Pre-Salt Units in the Santos Basin: Geostatistical Distribution of Source Rock Properties  

 
K. A. Hallam1, B. Chede1, L. Cordeiro1, A. Belém1, A. Luisa1, A. T. Queiroz2, R. Sobrinho3, A. Durante Spigolon4 

 
1Universidade Federal Fluminense, Rio de Janeiro, Rio de Janeiro, BRITISH INDIAN OCEAN TERRITORY 
2Geociences, LOOP/UFF, Rio de Janeiro, Rio de Janeiro, BRAZIL 
3Geochemistry, Universidade Federal Fluminense, Rio de Janeiro, Rio de Janeiro, BRAZIL 
4Centro de Pesquisa e Desenvolvimento, Rio de Janeiro, Rio de Janeiro, BRAZIL 

 

Abstract 

 

The analysis of source rocks is crucial in assessing the hydrocarbon generation potential in sedimentary basins, reducing uncertainties in 

exploration decisions. Through laboratory studies, it is possible to characterize the generation potential of these rocks, allowing the 

identification of geochemical properties, such as Total Organic Carbon (TOC) and Hydrogen Index (HI), which is a key indicator of 

hydrocarbon quantity and quality. The volumetric distribution of this property enables the estimation of possible variations in the analyzed 

values, making it possible to predict the main hydrocarbon generation zones in a sedimentary basin. In this context, this study aims to quantify, 

through the application of Machine Learning (ML) techniques, the geostatistical spatial distribution of TOC values in a geological model of the 

Itapema Formation in the Iara Complex, pre-salt of the Santos Basin, Brazil. Seismic reflection 3D depth data and well logs were used for 

seismic-to-well tie, seismic horizon interpretation, lithological classification, geological model generation, and propagation of petrophysical 

and geochemical properties of the source rocks using the PETREL® software. Models were developed through a pipeline consisting of steps 

that include Python code, and also incorporating ML prediction processes for 1D TOC values. The subsequent stage of the work was 

subdivided into two approaches: the first used synthetic profile data generated from a representation of a digitized geological section with 

known lithology, while the second favored real well log data, utilizing seismic amplitude to generate directional variograms. Preliminary 

results for the synthetic data indicate that vertical geostatistical analyses and subsequent kriging interpolation showed a well-represented TOC 

model near the wells. For the 3D model generated in PETREL®, lithofacies distributions of the Itapema Formation were obtained through 

petrophysical interpretation of well logs. This formation is primarily composed of shales, mudstones, and limestone, with distributions of 28%, 

47%, and 20%, respectively. For the 3D model generated by ML techniques, a lateral gain was observed for regions farther from the wells with 

vertically homogeneous value ranges. In the second approach, using real data, correlation analyses between petrophysical data and seismic data 

were applied. It was observed that the sonic log (DT) achieved the best data propagation for the rock, and the geostatistical adjustment of the 

spherical curve over points from the experimental vertical variogram of the chosen profile showed a nugget effect, a plateau, and a range of 

0.48, 1.05, and 102m, respectively. The observed patterns were similar for both the synthetic model and this one. For the directional variogram, 

values of 0.05, 0.053, and 542m were obtained for the mentioned parameters. The work is still ongoing, with validation through two-

dimensional kriging for a better evaluation of the model. The modeling generated by ML techniques will be implemented, and the obtained 

TOC values will be compared with 3D models synthetically generated by the PETREL® software. 


