Geological Modeling Applied to Exploration: Insights from the Southeast Parnaiba Basin

C. D. Soares'?, M. Yebra'?, R. Ribeiro'?, H. Padoves?, F. Santos!, D. Michelon!, A. C. Peres?, P. Takayama®, F. S. Miranda®

'Exploration, ENEVA, Rio de Janeiro, BRAZIL

2Geology, Universidade Federal do Rio Grande do Sul, Rio de Janeiro, Rio de Janeiro, BRAZIL
SUniversidade Federal do Parana, Paran4, PR, BRAZIL

‘ENEVA, Rio de Janeiro, RJ, BRAZIL

SExploration, ENEVA, Rio de Janeiro, RJ, BRAZIL

Abstract

Oil exploration in onshore basins, particularly in atypical petroleum systems like the Parnaiba Basin, represents a significant challenge due to
its geological complexity. Geological modelling workflows play a critical role in integrating and interpreting available data. The model
presented here covers a large area, approximately 9500 square kilometer, and it is characterized by the presence of diabase sills segmenting the
basin’s stratigraphy. This segmentation introduces additional challenges for geological modelling and petrophysical property prediction. These
complexities highlight the importance of integrating geological and geophysical data to develop reliable models, essential for reducing
exploratory uncertainties. This study focuses on building a geological model to predict facies and porosity, emphasizing the Cabecas
Formation, the main reservoir in this region of the basin. The geological modelling was based on the interpretation of structural surfaces from
2D seismic lines. Mapped surfaces were used as the foundation, and formation tops were reviewed to create a simple grid with 50m x 50m
cells, respecting segmentation above and below the diabase sills. Two gridding methods were evaluated: structural framework and corner point
gridding. The former exhibited inconsistencies, such as top inversions and anomalous features, and it was discarded in favor of the corner point
gridding, which proved to be more robust and efficient. For layering, proportional subdivision was used, with greater detailing for the Cabegas
Formation, subdivided into upper and lower layers. Facies were defined using geophysical well logs and rock samples, resulting in the
classification of four facies: (i) tidal channels, (ii) tidal bars, (iii) middle shoreface, and (iv) lower shoreface. Facies were initially upscaled
through the "most of" average method, which adjusted discrete facies to the cell size. Distribution followed the vertical proportion method,
prioritizing vertical facies variation in the Cabegas Formation. Porosity distribution was controlled by applying a facies-based bias method. The
resulting geological model provided detailed mapping of facies and porosity, but highlighted challenges associated with the stratigraphic
segmentation by diabase sills. These sills hindered the integration of facies within the same formation, limiting sampling and continuity in
property distribution. The application of vertical proportion and facies bias proved to be effective, although further improvements are required
to enhance precision in areas with greater structural complexity. Geological modelling in the Parnaiba Basin proved challenging due to the
structural complexity imposed by diabase sills emplacement. The model demonstrated applicability in well-constrained areas with abundant
data, reducing uncertainties. For future iterations, it is recommended to refine the structural model, increase layer subdivision to better capture
vertical variations, and adjust workflows to allow facies distribution without the interference of sills. This study establishes an important
foundation for advancing exploration in geologically complex basins such as the Parnaiba Basin.





