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Abstract 

 

High CO2 concentrations in the Pre-salt reservoirs have settled scientific challenges as the origin of these accumulations has yet to be 

unraveled. This study characterizes the hydrothermal alteration events and associated fluids that affected a well located beyond the external 

high in the Santos Basin using fluid inclusions (FI) and provides a minimum age of CO2 arrival based on in situ LA-ICP-MS U-Pb carbonate 

dating. Intensely recrystallized microfacies include shrubstones, spherulitestones, clotted micritic boundstones with calcite rafts, and peloidal 

micrograinstones. The diagenetic evolution above the oil-water contact (OWC) includes eodiagenetic generations of fringe calcite cements, 

hypidiotopic mosaics of dolomite and microcrystalline calcite. Mesodiagenesis includes aggrading neomorphism and sparse dolomitization of 

spherulites and shrubs, saddle dolomite, dedolomite calcite, bladed calcite clusters, microcrystalline silica, zoned drusy calcite overgrowths, 

and multiple generations of blocky calcite cementing secondary porosity. The relatively older generations of blocky calcite host Loil–V CO2-

bearing oil inclusions with blue-green fluorescence (FL) and Laq–V (liquid-vapor) aqueous FI (salinity [S] 7.06-12.22 wt% eq. NaCl-CaCl2). 

The younger one hosts three-phase (Laq-LCO2-V) aqueous-carbonic FI (S 7.04-18.30 wt% eq. NaCl-CaCl2). Typical hydrothermal phases 

(e.g., pyrite, barite, Sr-barite, celestine, fluorite, sphalerite) and solid bitumen infill dissolution vugs or residual porosity. Stylolites affecting the 

mesodiagenetic cements host aluminum-phosphate-sulfate (APS) minerals (e.g., svanbergite and woodhouseite). Below the OWC, the 

eodiagenetic transformations are similar, except for the intense recrystallization and replacement by zoned planar dolomite. Mesodiagenetic 

phases include aggrading neomorphism of spherulites, saddle dolomite, dedolomite calcite, bladed calcite clusters, microcrystalline silica, 

zoned drusy calcite overgrowths and blocky calcite. Drusy calcite hosts Laq–V aqueous FI with homogenization temperature [Th] between 

78.5-164.3 °C and S 16.48-21.92 wt% eq. NaCl-CaCl2, whereas blocky calcite hosts Laq–V FI with Th 82-162 °C and S 10.6-18.17 wt% eq. 

NaCl-CaCl2 and yellow FL oil inclusions with Th-oil 88-105.2 °C. Atypical cements and solid bitumen were also recorded at this interval. U-

Pb geochronological analyses performed on bladed calcite clusters, zoned drusy calcite overgrowths, and blocky calcite revealed Albian-

Cenomanian ages above the oil-water contact, and Campanian-Maastrichtian ages in the water zone. The mesodiagenetic paragenesis and the 

FI microthermometry indicate a hydrothermal origin involving brines similar to those recognized in carbonate-hosted Mississippi Valley-Type 



Pb-Zn ore deposits. Likewise, oil inclusions and solid bitumen provide evidence of atypical oil generation linked to hydrothermal fluid flow. 

Stylolites likely acted as conduits for hydrothermal fluid flow potentially related to magmatic activity as indicated by APS minerals. Our results 

indicate two hydrothermal events, one Albian-Cenomanian and other Campanian-Maastrichtian, which occurred under burial diagenetic 

conditions, suggesting that at least one may be related to Campanian magmatism in the basin. Additionally, the results suggest a minimum age 

for the CO2 ingress associated with the Albian-Cenomanian. 


