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Abstract 

 

The lacustrine carbonate rocks of the Barra Velha Formation (BVF), Santos Basin, present distinct composition and texture, with superimposed 

sedimentary and diagenetic heterogeneities, forming complex reservoirs. To better understand and predict the lateral and vertical 

heterogeneities of these reservoirs, we propose an innovative geological modeling workflow focusing on determining the distribution of 

hydrological zones and diagenetic environments. For this goal, we integrate sedimentological-diagenetic analyses, hydrological models, and 

process-based modeling. The selected study area is a field in the Outer High of the Santos Basin, characterized by two structural highs and 

three stratigraphic units. Sedimentological studies determined the following main lithofacies in the studied sequence: crystalline chemogenic 

crusts, grainstones, shrubstones, spherulitestones, magnesium-silicate mudstones, and hybrid siliciclastic syngenetic mudstones. Through a 

systematic quantitative thin section description, we identified three main diagenetic phases associated with early diagenesis and subaerial 

exposure, comprising microcrystalline quartz, fringed calcite, and matrix dissolution pore, mainly concentrated in the upper stratigraphic unit. 

This information guides the construction of diagenetic event logs in a specific well, serving as a criterion for defining the base-level oscillations 

in the study area. We performed a coupled stratigraphic-sedimentological forward facies model and hydrological model, testing large-scale 

constraints, like carbonate accumulation rate, subsidence, and lake-level variations, and addressing hydrological concepts and parameters, such 

as rainfall input, and infiltration rate. The model reproduces the sedimentary stacking pattern observed from well data and provides the 

distribution of four main diagenetic outputs: diagenetic environments, subaerial exposure time interval, residence time in the meteoric vadose 

zone, and vadose zone thickness. The validation of the results is conducted on a medium scale through wells data evaluation and on a large 

scale through 3D impedance data. Our results show a coherent distribution of time intervals subject to subaerial exposure and development of 

the vadose zone compared to the well information. The lateral and vertical distribution of the vadose zone shows a good correlation with low 

impedance intervals and indicates a strong stratigraphic component in the distribution of diagenetic features. The average maps suggest that the 

main areas subject to the formation of subaerial exposure zones throughout the time interval of the BVF are in the eastern structural high, 

although the western structural high is also subject to the development of these features in the upper stratigraphic unit. The workflow is 

effective regarding diagenetic risk volumes and map generation, increasing the predictability of dissolution and cementation processes that may 

affect the porous medium. Then, incorporating this information as a trend in petrophysical property modeling contributes to optimizing oil field 

production development. 


