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Abstract

Carbonate formations, despite their complexity and heterogeneity, are crucial to the energy industry, holding over 60% of the world’s
remaining conventional oil reserves (Heriot-Watt University, 2025). In Brazil, carbonate reservoirs, particularly in the Pre-salt province,
dominate national oil production and reserves. However, these reservoirs still present challenges due to heterogeneous mineralogy and complex
diagenesis, which result in a highly intricate pore network that complicates reservoir characterization. Diagenesis strongly influences pore
system variability, generating moldic, vuggy, interparticle, and intraparticle pores. This complexity causes significant variations in elastic
properties and a scattered porosity-velocity relationship, where pore type and shape emerge as key factors in carbonate rock physics (Brie et al.,
1985; Xu & Payne, 2009). Pore microstructure plays a fundamental role in defining elastic properties, directly impacting seismic velocity,
permeability, and fluid flow predictions in rock physics models. Pore microstructure influences bulk and shear moduli and electrical
conductivity by controlling fluid connectivity and distribution. Since rock physics models often assume idealized pore geometry, understanding
pore organization at the microscale is crucial for improving predictive accuracy. Incorporating aspect ratio and its distribution enhances rock
physics models such as effective medium theories, and velocity-porosity relationships. A more detailed understanding of pore geometry is
essential for reservoir quality characterization and for bridging the gap between laboratory-scale observations and field-scale geophysical
interpretations. This study evaluates aspect ratio, pore type and size distribution in the Atapu field, a Brazilian offshore pre-salt carbonate
reservoir, to refine rock physics models and improve our understanding of elastic rock behavior in these reservoirs. A total of 877 thin sections
from one well were analyzed using OpenCV-based image processing, extracting 734,831 pore geometries to quantify pore area, diameter,
aspect ratio, pore type distribution and porosity. The analysis showed reference pores (aspect ratio ~0.1-0.8) dominate (>85% pore volume),
while stiff pores and crack pores account for ~12% and <1%, respectively. The average aspect ratio is 0.53, with most pores between 0.3 and
0.77, while extreme values represent <5%. The pore size distribution follows a left-skewed log-normal trend, indicating a predominance of
smaller pores. Following pore characterization, rock physics models were applied to evaluate elastic property variability and quantify the
impact of pore geometry on velocity predictions. A rock physics model for an oil-saturated carbonate reservoir was used to assess how pore
aspect ratio and pore type distribution influence P- and S-wave velocities. The model applies a DEM approximation for dry rock moduli, while
fluid properties derive from well log pressure and temperature. The saturated bulk modulus is computed via Gassmann’s equations. The rock
physics model successfully generated a synthetic Vp based on the pore type distribution and aspect ratio from thin section analysis. Despite



differences in sampling rate between thin sections and well log data, the synthetic Vp exhibits a first-order correlation with measured P-
velocity, confirming the model's effectiveness in capturing the impact of pore geometry on elastic properties in Brazilian Pre-salt carbonates.



