Machine Learning and Seismic Inversion for Facies and Reservoir Property Mapping in Buzios Field

B. L. Oliveiral, C. Saudino?

LEliis, Niteroi, Rio de Janeiro, BRAZIL
2Eliis, Rio de Janeiro, RJ, BRAZIL

Abstract

Introduction The Buzios field, producing approximately 560,000 barrels of oil per day, represents the largest deep-water field in the Santos
Basin, which accounts for over 70% of Brazil's hydrocarbon production. Using data released by the ANP, this study aims to characterize pre-
salt carbonate reservoirs by integrating unsupervised machine learning for seismic facies classification with well-constrained deterministic
seismic inversion. Methodology Our workflow integrates seismic analysis and well data interpretation. First, we generate a 3D Relative
Geological Time (RGT) model using polarity-based horizons to assign consistent geological ages across the seismic volume. This enables
precise tectonostratigraphic analysis through stratal slicing. We then apply spectral decomposition at specific frequencies (8 Hz, 11 Hz, 14 Hz)
to enhance carbonate detection, with results feeding into a self-organizing map (SOM) for facies classification. We generate amplitude
envelopes to delineate key depositional features including build-ups, gravity flows, platforms, and bottom-lake deposits. For structural analysis,
we apply an automatic fault extraction framework to generate fault volumes, refine faults into skeletons, and extract coherent patches. The
volumetric analysis integrates depth-migrated seismic data with an a priori acoustic impedance model derived from four wells. Finally,
reservoir characterization combines well logs (sonic, porosity, permeability, gamma-ray, and resistivity), XRD analysis and petrographic data
to map porosity and permeability variations across the field. Results Structural analysis reveals fault systems controlling sediment deposition
and fluid migration throughout the pre-salt rifting succession. Below the Intra-Alagoas unconformity, seismic reflectors display wavy,
discontinuous patterns. The Barremian-Aptian sequence shows facies transitions from progradational to chaotic, with gravity flows linked to
periods of tectonic activity. The Aptian Pre-Alagoas unconformity displays distinct facies associations: rudstones and grainstones dominate the
lower section, while stromatolites and shrubs characterize the upper interval, indicating sag-phase deposition. The integration of spectral
decomposition with machine learning reveal laterally continuous carbonate build-ups and gravity flows. Low-frequency seismic responses
correlate with reservoir zones, while amplitude variations highlight tectonic controls. Quantitative analysis reveals diagenetically enhanced
porosity zones as potential high-quality reservoirs. These zones show consistently low impedance values, contrasting with high-impedance,
organic-rich sections. Well calibration confirms shrubs, stromatolites, and spherulites as reliable reservoir indicators, validated through both
deterministic inversion and automated classification. Conclusions The combination of machine learning techniques with traditional seismic and
well analysis provide detailed insights into the Buzios field's pre-salt carbonate reservoirs. Our findings highlight the relationship between
depositional facies, tectonic features, and reservoir quality, while demonstrating the effectiveness of machine learning and deterministic
inversion for detailed reservoir characterization application. The scalability of this methodology makes it particularly valuable for exploration
and development of analogous pre-salt plays.



