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Abstract 

 

The Pre-salt carbonate reservoirs of the Santos Basin, offshore Brazil, are characterized by complex diagenetic processes that significantly 

impacted their reservoir quality. This study integrated petrographic analysis, cathodoluminescence (CL), mineralogical distribution mapping 

using QEMSCAN images, U-Pb dating in carbonates, and fluid inclusion analysis to elucidate the diagenetic evolution of these reservoirs. The 

diagenetic processes of dolomitization, recrystallization, and cementation played crucial roles in modifying the texture and porosity of the 

reservoir facies. The research highlights the development of various types of porosity, including intergranular, intragranular, and vuggy 

porosity, which are essential for reservoir quality. The primary depositional lithofacies identified include laminites, calcite shrubs and 

spherulites, and intraclastic grainstones and rudstones. These facies exhibit a range of diagenetic alterations, such as micritization, dissolution, 

and replacement and cementation by calcite, dolomite, and silica. The deposition sequence started with the precipitation of magnesian clays and 

organic matter, followed by syngenetic calcite shrubs. The diagenetic sequence began with microcrystalline silica crusts that were formed 

subsequently, and diagenetic calcite spherulites grew, displacing and replacing the magnesian clays. Pyrite, both microcrystalline and 

framboidal, replaced magnesian clays and organic matter. Microcrystalline, rhombohedral, anhedral, and subhedral dolomite substituted 

magnesian clays and precipitated as cement in secondary porosity. Microcrystalline silica also replaced magnesian clays, followed by the 

precipitation of calcite that occurred as fringes, bladed crystals, fine-to-coarse mosaic, and prismatic rims as cement. Dolomitization of calcite 

shrubs and spherulites occurred next, with dolomite fringes precipitating as cement. Mechanical compaction, dissolution of calcite shrubs and 

spherulites, fracturing, and brecciation further modified the reservoir. Chemical compaction and recrystallization of calcite shrubs and 

spherulites were observed, along with the replacement of these features by microcrystalline silica and chalcedony. Subsequent dolomitization, 

recrystallization, and silicification events further altered the reservoir fabric, with hydrothermal processes introducing additional mineral phases 

and enhancing secondary porosity. Saddle dolomite cement filled primary and secondary porosity and replaced pre-existing constituents. 

Hydrothermal dissolution and silicification, followed by the precipitation of hydrothermal quartz, fluorite, barite, celestite, dawsonite, goyasite, 

cryolite, dickite, macrocrystalline calcite, and bitumen, further altered the reservoir. Finally, bitumen underwent pyritization. Understanding 

these diagenetic processes was crucial for predicting the distribution and heterogeneity of carbonate reservoirs, ultimately contributing to more 

effective resource management in the Pre-salt fields. This study provided valuable insights into the diagenetic history of the Pre-salt carbonate 



reservoirs, offering a valuable framework to guide exploration strategies, reservoir modeling, development strategies, and hydrocarbon 

recovery, not only in the Santos Basin but also in similar reservoirs worldwide. 


