Diagenetic Process in Carbonates in the Barra Velha Formation, Tupi Field, Pre Salt, Santos Basin
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Abstract

The Barra Velha Formation (BVF), part of the Santos Basin, contains significant carbonate hydrocarbon reservoirs. This formation is bounded
at the base by the Pre-Alagoas unconformity, which separates it from the coquinas of the Itapema Formation, and at the top by the evaporites of
the Ariri Formation. Diagenesis encompasses all processes that occur shortly after sediment deposition, capable of altering the primary
characteristics of rocks, directly influencing porosity and permeability, key factors in determining the quality and exploration potential of
hydrocarbon reservoirs. The BVF mainly consists of in situ facies (shrubstones and spherulestones), reworked facies (calcarenites, calcilutites,
and calcirudites), and also includes diagenetic facies, such as cherts and dolomites. The main objective in this study is to characterize the
different diagenefic process and to reconstruct the diagenetic evolution of selected rock from the Tupi Field, located in BVF. For this purpose,
about 18 petrographic thin sections were selected and described using a Zeiss Axio Imager microscope. These thin sections were stained with
Alizarin Red-S for carbonate differentiation, complemented by combined techniques such as epifluorescence and cathodoluminescence to
determine diagenetic stages. Diagenetic evolution mainly includes phases corresponding to syndiagenesis, progressing to eodiagenesis, and
culminating in mesodiagenesis. The results of microscopic analyses indicate components suggesting in situ formation, such as magnesian clay
with lamination displaced relative to the nucleation of carbonate elements, such as spherulites. Additionally, the preferentially oriented
arrangement of spherulites in a single direction supports evidence of be in situ, in addition to its formations representing the beginning of
eodiagenesis. The occurrence of dolomites formed through the replacement of magnesian clay is the main diagenetic component observed in
this study, marking the onset of eodiagenesis with the progression of dolomitization. The analyzed dolomites reveal diagenetic stages evolving
from zoned rhombohedral crystals (initial stage) to blocky dolomites with increased crystal coalescence, culminating in mosaic dolomites
(advanced stage) with intensified linear contacts and low intercrystalline porosity. Silicification processes were also found to occur
simultaneously with dolomitization, indicating the replacement of the clay matrix. For example, chalcedony and microcrystalline quartz are
characteristic of eodiagenesis. However, macrocrystalline quartz, occurs both filling vug pores and replacing remnants of matrix, reducing
porosity and permeability parameters in the resevour rocks. Furthermore, features related to dissolution, recrystallization, and both chemical
and mechanical compaction—such as the presence of stylolites—were identified. This study enabled the identification and characterization of
the mineralogical components of selected rocks from Tupi Field, within the Barra VVelha Formation, and allowed the determination of the
diagenetic processes and porosity evolution of the associated reservoir. Understanding the interaction between diagenetic processes and
porosity preservation is therefore an essential tool for characterizing complex carbonate reservoirs such as those in the Barra Velha Formation.



