Eodiagenesis as the Main Reservoir Quality Changing in the Itapema Formation of Buzios Field, Santos Basin
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Abstract

Conceptual sedimentary and diagenetic geological models provide fundamental parameters for reservoir characterization. Cementation and
dissolution events are crucial modifying agents of reservoir quality and must be positioned in time and space to enable predictability. This
study aimed to enhance the understanding of diagenetic environments in the Itapema Formation, Buzios Field, through the construction of a
paragenetic chart and the analysis of the spatial distribution of the main diagenetic processes, such as dolomitization, silicification, and
dissolution, in addition to the identification of karst zones. To establish the relative temporal relationship between diagenetic phases, the
mineral paragenesis was determined based on petrographic relationships in 11 selected wells, covering different tectono-sedimentary scenarios.
The spatial distribution of the diagenetic phases was mapped using semi-quantitative petrography. The characterization of diagenetic
environments was conducted through the analysis of petrographic textural features and paragenetic associations. The Itapema Formation in the
studied wells predominantly contains coquina facies (bivalve grainstones and rudstones), but microbial deposits are observed at the top of the
formation in several wells. In some intervals, variable amounts of Mg-clay oolites occur in the coquina. The results indicate that meteoric
diagenesis predominated in the Itapema Formation, with interparticle porosity cementation and the generation of moldic pores, resulting in
porosity inversion. Additionally, a correlation was observed between eodiagenetic silicification and the presence of Mg-clay oolites, suggesting
the oolites as the source of silica. Eodiagenetic dolomitization was widely identified, showing a consistent increase towards the top of medium-
frequency shallowing-upward cycles. Features indicative of palustrine environments and exposure are common. Locally travertine deposits and
speleothems were observed, supporting the interpretation of a meteoric environment and epigenic Karstification. The dynamics of water
circulation within the karst system were delineated into vadose, epiphreatic, and phreatic hydrological zones.The analysis conducted allowed
for the definition of the predominant hydrological zone in the Itapema Formation. The results indicate that, in the ITP300 interval, phreatic
zone diagenesis is predominant, while in ITP200, epiphreatic zone alterations become more evident. When present, the ITP100 interval shows
features characteristic of both vadose and epiphreatic zones. Furthermore, minerals indicative of hydrothermal activity were identified.
Mesodiagenetic dissolution is present but not very significant. Hydrothermal alterations are generally of low intensity in the studied wells,
although they can be locally expressive. In conclusion, a relative sequence of diagenetic events was established for the Itapema Formation, and
a paragenetic chart was proposed. The results demonstrate that eodiagenesis is the primary factor modifying reservoir quality in the Itapema
Formation, contrasting with what is observed in the overlying Barra Velha Formation, where mesodiagenesis has a much more significant
impact on reservoir quality. Thus, this study not only improves the prediction of reservoir permeability and porosity but also provides valuable
insights into the diagenetic processes that have influenced the reservoirs from deposition to their current configuration.



