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Abstract

Brazilian pre-salt carbonate rocks are considered as the major host rock for hydrocarbon accumulation in Brazil. These reservoirs are
drastically heterogeneous due to the depositional environment and complex diagenesis history generates complex pore systems and
considerable spatial variety, which is a challenge for accurate prediction of reservoir quality propagation. At the seismic scale, pre-salt
carbonates may produce amplitude anomalies, low impedance values, and ambiguous responses, making them particularly challenging to map
and characterize. Understanding the patterns of seismic reflections and analyzing their implications for revealing the subsurface tectonic-
depositional features helps as an attempt in subsurface modeling to integrate geophysical and petrophysical data and generate scenarios
performance predictions in reservoir quality distribution. For that reason, the application of seismic attributes and unsupervised machine
learning techniques optimize the spatial reservoir characterization and consequently geological modeling. This study emphasizes combining
seismic interpretation techniques and a multiattribute seismic facies classification based on SOM and K-means to map the distribution of the
main reservoir seismic patterns and structural features within those reservoirs. For that, a series of seismic attributes including geometrical,
spectral, and amplitude are used. The analysis allows a probable assessment of areas with predominant fluid flow trends cross-correlating from
well data. The primary objective of facies classification is to capture the variability within seismic data to interpret detailed geological features.
This process utilizes the advanced capabilities of artificial intelligence to analyze and predict from extensive datasets, thereby facilitating more
advanced reservoir characterization. The result of this study provides acoustic impedance, rms amplitude, and variance volumes for the
unsupervised seismic facies classification, highlighting the key patterns, relationships, and implications derived from the analysis. The analysis
of amplitude seismic features and the classification results allowed the differentiation of four seismic patterns within the study area:
aggradational and progradational carbonate platforms and mound-like shapes. The data reveal potential areas where the seismic facies
probability occurrence allows us to obtain zonation maps of amplitude separation. In summary, the analyzed attribute features with the
unsupervised seismic facies classification results allowed the zoning of seismic patterns throughout the area and assisted the construction of an
optimized geological model of facies distribution. Most mound-like shape patterns occur on the faulted zones of structural highs suggesting
that its origin is intrinsically connected to faulting. Finally, the seismic attribute classification facies probability map combined with the seismic
pattern zonation map allows a detailed representation of facies and porosity and permeability distribution different from the conventional
statistical approaches.



